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MULTIPLE STUDIES HAVE

shown that vaccination
against influenza can re-
duce the risk of recur-

rent myocardial infarction (MI), sud-
den cardiac death, cardiac hospital
admissions, need for revasculariza-
tion, and stroke.1-5 A similar finding has
been recently reported for pneumococ-
cal polysaccharide vaccine.6 In the
study by Lamontagne et al,6 the au-
thors hypothesized that besides pre-
venting bacterial infections, pneumo-
coccal vaccination may protect against
cardiovascular events by decreasing the
extent of atherosclerosis. There were,
however, several potential limitations
of this study that raise questions about
the validity of the results, including
preferential inclusion of a healthier
cohort, confounding from dietary fac-
tors, physical activity, and family his-
tory. Moreover, it is known that anti-
body levels decrease over time. This
does not fit with the authors’ finding
that pneumococcal vaccination ap-
peared to have a greater protective effect
over time.

Beyond the study by Lamontagne et
al,6 studies assessing the association be-
tween pneumococcal vaccination and
vascular events are limited. To ad-
dress this, we took advantage of infor-

mation collected as part of an ongoing
prospective cohort study, the Califor-
nia Men’s Health Study (CMHS), to ad-
dress the association between vaccina-
tion with pneumococcal vaccine and the
risk of developing acute MI and stroke,
taking into account known and poten-
tially important confounders.

METHODS
Study Cohort

The CMHS is a multiethnic cohort of
men who are members of the Kaiser

Permanente Northern California and
Kaiser Permanente Southern Califor-
nia health plans. Details of the study co-
hort design, recruitment methods, and

Author Affiliations: Department of Research and
Evaluation, Kaiser Permanente Southern California,
Pasadena (Drs Tseng, Quinn, and Jacobsen and Mr
Slezak and Ms Sy); and Division of Research, Kaiser
Permanente Northern California, Oakland (Dr Van
Den Eeden).
Corresponding Author: Hung Fu Tseng, PhD, Depart-
ment of Research and Evaluation, Southern Califor-
nia Permanente Medical Group, Kaiser Permanente,
100 S Los Robles Ave, Second Floor, Pasadena, CA
91101 (hung-fu.x.tseng@kp.org).

Context Multiple studies have shown that preventing influenza by vaccination re-
duces the risk of vascular events. However, the effect of pneumococcal polysaccha-
ride vaccine on vascular events remains controversial.

Objective To examine the association between pneumococcal vaccination and risk
of acute myocardial infarction (MI) and stroke among men.

Design, Setting, and Participants A prospective cohort study of Kaiser Perma-
nente Northern and Southern California health plans with 84 170 participants aged 45
to 69 years from the California Men’s Health Study who were recruited between Janu-
ary 2002 and December 2003, and followed up until December 31, 2007. The cohort
was similar to the population of health plan members and men who responded to a gen-
eral health survey in California on important demographic and clinical characteristics.
Demographic and detailed lifestyle characteristics were collected from surveys. Vacci-
nation records were obtained from the Kaiser Immunization Tracking System.

Main Outcome Measure Incidence of acute MI and stroke during the follow-up
period in men who had no history of such conditions.

Results During follow-up, there were 1211 first MIs in 112 837 vaccinated person-
years (10.73 per 1000 person-years) compared with 1494 first MI events in 246 170
unvaccinated person-years (6.07 per 1000 person-years). For stroke, there were 651
events in 122 821 vaccinated person-years (5.30 per 1000 person-years) compared
with 483 events in 254 541 unvaccinated person-years (1.90 per 1000 person-years).
With propensity score adjustment, we found no evidence for an association between
pneumococcal vaccination and reduced risk of acute MI (adjusted hazard ratio [HR],
1.09; 95% confidence interval [CI], 0.98-1.21) or stroke (adjusted HR, 1.14; 95% CI,
1.00-1.31). An inverse association was also not found in men of different age and risk
groups. The results appeared to be consistent, because using more specific Interna-
tional Classification of Diseases, Ninth Revision codes for the outcome definition did
not change the estimations.

Conclusion Among a cohort of men aged 45 years or older, receipt of pneumococ-
cal vaccine was not associated with subsequent reduced risk of acute MI and stroke.
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data collection were described previ-
ously.7 In brief, 84 170 men, aged 45 to
69 years at baseline in January 2000,
who had been members of the health
plan for at least 1 year at recruitment,
completed an extensive question-
naire. The CMHS cohort was similar to
the population of health plan mem-
bers and men who responded to a gen-
eral health survey in California (Cali-
fornia Health Interview Survey) on a
variety of important demographic and
clinical characteristics.7 Among the
CMHS participants, from baseline
through December 31, 2007, 3203
(3.8%) have died, 13 227 (15.7%) have
terminated their membership at Kai-
ser Permanente, and 67 740 (80.5%)
were active members.

The CMHS was reviewed and ap-
proved by the institutional review
boards of Kaiser Permanente North-
ern California and Kaiser Permanente
Southern California. Men were in-
formed of the voluntary nature of their
participation and that their decision
about participation would not affect
their medical care.

Questionnaire

The comprehensive 24-page question-
naire solicited information on demo-
graphics, family history of cancer,
health and lifestyle, existing health
conditions, medication or drug use,
physical activity, tobacco use, diet or
supplement use, country of origin,
duration of US residency, income,
sexual orientation, and general health
condition. Men of different race/
ethnicity might have different uptake
of the pneumococcal vaccine, as well
as a different risk of developing MI,
stroke, or both; therefore, race/
ethnicity is a potential confounder in
this case and was measured based on
self-response to the first-stage survey
questionnaire. Men were asked to
identify all racial/ethnic groups that
applied, including other (American
Indian; Alaskan Native; Native Hawai-
ian; other Pacific Islanders; races
specified by the participants other
than white, black, Hispanic, and
Asian; and mixed [multiple] races).

Diet was evaluated with a detailed
semi-quantitative food-frequency ques-
tionnaire adapted from a question-
naire developed for the Women’s Health
Initiative and other studies and modi-
fied for men’s health. Physical activity
was assessed with questions adapted
from the CARDIA Physical Activity His-
tory,7 which queried the men about the
frequency and duration of their par-
ticipation in specific types of moder-
ate and vigorous recreational, house-
hold, and work-related activities.
Tobacco smoking status was ascer-
tained with the question, “Have you
smoked at least 100 cigarettes in your
lifetime?” For those participants who
answered yes (ever-smokers), the ques-
tionnaire also asked the total number
of years smoked and average number
of cigarettes smoked per day. For
former smokers, duration of quitting
also was elicited.

Body mass index (BMI) was calcu-
lated as weight in kilograms divided by
height in meters squared. Participants
who did not complete all pages of the
food-frequency questionnaire (�5
items per page) or who had total cal-
culated energy intake of less than 800
kcal or more than 5000 kcal were ex-
cluded from the nutrient analyses. Vig-
orous activities were defined as partici-
pating in a minimum of 1260 metabolic
equivalent task (MET) hours per week,
on average, equivalent to at least 3.5
hours of activity, with a minimum MET
level of 6. Moderate activities were de-
fined as participating in a minimum of
630 MET hours of activity per week, on
average, equivalent to at least 3.5 hours
of activity, with a minimum MET level
of 3.

Immunization Records

Immunization records were tracked by
the Kaiser Immunization Tracking Sys-
tem, which has been in place in the Kai-
ser Permanente California health plans
since 1980. The Kaiser Immunization
Tracking System contains informa-
tion identifying the patient’s unique
medical record number, name, date of
birth, and sex. It also contains infor-
mation about the vaccination deliv-

ered, including the date of vaccina-
tion, type of vaccine, route and site of
administration, person administering
the vaccine, facility in which the vac-
cine was administered, dose, manufac-
turer, and lot number. Vaccines deliv-
ered outside the health plan or before
enrollment are entered into the regis-
try, with appropriate documentation to
substantiate its delivery. All partici-
pants who had received at least 1 dose
of pneumococcal polysaccharide vac-
cine before the baseline date or during
the follow-up period were defined as the
exposed group. For incident cases, only
vaccines received 2 weeks or more be-
fore the incident event were consid-
ered exposed.

Ascertainment of Acute MI
and Stroke

Acute MI and stroke in this cohort were
identified from electronic health rec-
ords. Medical encounters with the In-
ternational Classification of Diseases,
Ninth Revision (ICD-9) codes 410.xx
(acute myocardial infarction) and
411.xx (other acute and subacute forms
of ischemic heart diseases) were iden-
tified as acute MI cases, and ICD-9 codes
433.xx (occlusion and stenosis of pre-
cerebral arteries), 434.xx (occlusion of
cerebral arteries), and 436.xx (acute,
but ill-defined cerebrovascular dis-
eases) were identified as stroke cases.
Cases were also identified in mortality
records by using the Group Cause of
Death Codes (International Statistical
Classification of Diseases, 10th Revi-
sion [ICD-10]). Death caused by acute
MI (ICD-10 codes I21-I22) and other
acute ischemic heart diseases (ICD-10
code I24) were included as acute MI
cases, and deaths caused by cerebral in-
farction (ICD-10 code I63) and stroke,
not specified as hemorrhage or infarc-
tion (ICD-10 code I64), were included
as stroke cases. To identify cases, we
performed computer matches on the
unique Kaiser Permanente medical rec-
ord number of incident acute MI and
stroke cases between study baseline
(2002-2003) and December 31, 2007,
and the entire CMHS cohort. Incident
events were defined as the first diag-
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nosis of acute MI or stroke for each par-
ticipant between 2002 and 2007, ex-
cluding those participants with a prior
history of these outcomes.

Statistical Analysis

The association between vaccination
status and patient characteristics was
assessed using the �2 test for categori-
cal factors or Kruskal-Wallis test for
continuous factors. The association be-
tween vaccination and MI or stroke
events was assessed using the Cox pro-
portional hazards regression model,
both in bivariate and multivariable
models, the latter to adjust for the pro-
pensity score of vaccination with a
pneumococcal vaccine estimated from
a logistic regression model. The num-
ber of pneumococcal vaccines re-
ceived was included in the models as a
time-varying covariate. The number of
vaccines received before study entry was
included as the initial number of vac-
cines, and each vaccination during the
follow-up period resulted in an incre-
ment of the number of vaccines admin-
istered. Follow-up started at the time
of the baseline survey and ended at the
time of acute MI or stroke diagnosis, ter-
mination of health plan membership,
death, or December 31, 2007, which-
ever came first. Men who reported hav-
ing had a previous acute MI (n=6020)
or stroke (n=2849) at baseline were ex-
cluded from the regression analysis
separately.

The propensity score was created
using a logistic regression model pre-
dicting the probability of receiving at
least 1 dose of pneumococcal vaccine
during the study period. Quintiles of the
propensity score were used to adjust for
likelihood of vaccination in the mod-
els of MI and stroke outcomes. The vari-
ables included in the model were age,
race/ethnicity, region (northern vs
southern California Kaiser Perma-
nente), household income, education,
BMI, cigarette smoking, physical activ-
ity level, sedentary for more than 6.5
hours per day outside of work, alco-
hol consumption, number of influ-
enza vaccines received, total calorie in-
take, fat intake, fruit and vegetable

consumption, history of diabetes, his-
tory of high blood pressure, history of
high cholesterol, history of peripheral
artery disease, history of other heart dis-
eases, history of stroke, history of acute
MI, and the log scale transformed num-
ber of outpatient visits during the 5
years before baseline. Cigarette smok-
ing was modeled by a set of variables
that were created for a lung cancer
study.8 The set of variables included
smoking status (never, current, quit for
�5 years, quit for 6-9 years, and quit
for �10 years), duration of smoking
(�10, 11-20, 21-30, 31-40, and �41
years), and mean number of cigarettes
smoked per day (�10, 11-20, and �21
cigarettes) in all analyses. This model
is detailed in the eTable (available at
http://www.jama.com).

To examine whether the associa-
tion between pneumococcal vaccina-
tion and acute MI and stroke would
vary among participants of different
ages, risk groups, and number of
influenza vaccination records, ad-
justed hazard ratios (HRs) and 95%
confidence intervals (CIs) estimated
by Cox proportional hazards regres-
sion models were presented separately
for participants younger than 65 years
and 65 years or older; 3 presumable
high-risk groups, including (1) cur-
rent smokers, (2) patients with his-
tory of diabetes, and (3) patients with
history of hypertension, and 1 low-
risk group, which included partici-
pants younger than 55 years, with no
smoking history, no history of diabe-
tes, and no history of hypertension;
and participants receiving 0, 1 to 10,
and more than 10 influenza vaccines.
In addition, to examine whether the
results were sensitive to the ICD-9
codes used for identifying outcomes,
effects were also estimated using the
more specific acute MI code 410.xx
and stroke codes 433.xx and 434.xx.

Given the sample size and risk of de-
veloping MI and stroke in the unvac-
cinated group (2.0% and 0.7%, respec-
tively), we were able to detect true
relative risk of 0.9 for MI and 0.8 for
stroke in the overall cohort, with 80%
power and type I error rate at .05. The

significance level was set at .05 based
on a 2-sided test. SAS version 9.1 (SAS
Institute Inc, Cary, North Carolina) was
used for all statistical analyses.

RESULTS
The distribution of baseline character-
istics by vaccination status is shown in
TABLE 1. A total of 2705 incident acute
MI (3.2%), including 46 mortality cases
with no medical encounter records (in-
cidence rate, 7.53 events per 1000 per-
son-years; 95% CI, 7.25-7.82 per 1000
person-years) and 1134 stroke cases
(1.3%), including 20 mortality cases
with no medical encounter records (in-
cidence rate, 3.01 events per 1000 per-
son-years; 95% CI, 2.83-3.19 per 1000
person-years) were identified. The
mean (SD) length of follow-up was 4.7
(1.36) years. The unvaccinated group
had relatively shorter length of follow-
up. The development of acute MI and
stroke was positively associated with in-
creased number of pneumococcal vac-
cines (for MI: 2.0% in the unvacci-
nated group vs 4.6%, 5.5%, 5.3% in the
vaccinated group for 1, 2, and �3 vac-
cine doses; and for stroke: 0.7% in the
unvaccinated group vs 2.1%, 2.8%,
3.0% in the vaccinated group for 1, 2,
and �3 vaccine doses). Participants
who were vaccinated were signifi-
cantly older than participants who were
not vaccinated. Region, race/ethnic-
ity, household income, education, and
BMI also were associated significantly
with vaccination status.

TABLE 2 shows potential lifestyle risk
factors for acute MI and stroke by num-
ber of pneumococcal vaccines re-
ceived at any time. The distribution of
cigarette smoking variables, alcohol
consumption, daily energy intake, total
fat intake, daily vegetables and fruit con-
sumption, physical activity level, and
daily sedentary hours were all signifi-
cantly different among participants with
varying number of vaccine doses. The
unvaccinated group included a higher
proportion of nonsmokers (46.7% vs
37.2% in the vaccinated group) and
men who engaged in vigorous activi-
ties (18.0% vs 14.1% in the vaccinated
group).
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Table 1. Selected Baseline Characteristics by Number of Pneumococcal Vaccine Doses Received at Any Timea

Characteristics

No. (%) by No. of Pneumococcal Vaccine Doses Received at Any Time

P
Value

0
(n = 47 861)

1
(n = 30 817)

2
(n = 5018)

�3
(n = 474)

Total
(N = 84 170)

Follow-up, y
Mean (SD) 4.5 (1.50) 4.8 (1.16) 5.0 (0.95) 5.0 (1.00) 4.7 (1.36) �.001

Median 5.3 5.3 5.3 5.3 5.3

Acute MI
Before study entry 2117 (4.4) 3235 (10.5) 603 (12.0) 65 (13.7) 6020 (7.2)

No event 44 763 (93.5) 26 160 (84.9) 4138 (82.5) 384 (81.0) 75 445 (89.6) �.001

After study entry 981 (2.0) 1422 (4.6) 277 (5.5) 25 (5.3) 2705 (3.2)

Stroke
Before study entry 1116 (2.3) 1405 (4.6) 287 (5.7) 41 (8.6) 2849 (3.4)

No event 46 410 (97.0) 28 766 (93.3) 4592 (91.5) 419 (88.4) 80 187 (95.3) �.001

After study entry 335 (0.7) 646 (2.1) 139 (2.8) 14 (3.0) 1134 (1.3)

Region
Northern California 27 683 (57.8) 15 912 (51.6) 1334 (26.6) 19 (4.0) 44 948 (53.4)

�.001
Southern California 20 178 (42.2) 14 905 (48.4) 3684 (73.4) 455 (96.0) 39 222 (46.6)

Race/ethnicityb

White 30 266 (63.2) 19 198 (62.3) 3087 (61.5) 288 (60.8) 52 839 (62.8)

Black 3349 (7.0) 2599 (8.4) 446 (8.9) 43 (9.1) 6437 (7.6)

Asian 3919 (8.2) 2653 (8.6) 452 (9.0) 42 (8.9) 7066 (8.4)
�.001

Hispanic 6712 (14.0) 4224 (13.7) 824 (16.4) 81 (17.1) 11 841 (14.1)

Other 3298 (6.9) 1924 (6.2) 185 (3.7) 18 (3.8) 5425 (6.4)

Unknown 317 (0.7) 219 (0.7) 24 (0.5) 2 (0.4) 562 (0.7)

Annual household income, $
0-39 999 7889 (17.1) 7471 (25.4) 1423 (29.8) 135 (29.9) 16 918 (20.9)

40 000-79 999 16 787 (36.4) 11 818 (40.2) 1943 (40.6) 186 (41.2) 30 734 (38.1) �.001

�80 000 21 487 (46.5) 10 078 (34.3) 1416 (29.6) 131 (29.0) 33 112 (41.0)

Missing No. 1698 1450 236 22 3406

Age at CMHS survey, y
�45 39 (0.1) 14 (�1) 2 (�1) 1 (0.2) 56 (0.1)

45-49 10 871 (22.7) 1372 (4.5) 127 (2.5) 18 (3.8) 12 388 (14.7)

50-54 13 780 (28.8) 2530 (8.2) 262 (5.2) 22 (4.6) 16 594 (19.7)

55-59 13 799 (28.8) 4097 (13.3) 476 (9.5) 49 (10.3) 18 421 (21.9) �.001

60-64 5698 (11.9) 10 531 (34.2) 1597 (31.8) 131 (27.6) 17 957 (21.3)

65-69 3120 (6.5) 11 643 (37.8) 2497 (49.8) 249 (52.5) 17 509 (20.8)

�70 554 (1.2) 630 (2.0) 57 (1.1) 4 (0.8) 1245 (1.5)

Mean (SD) 55.2 (6.2) 62.5 (5.9) 63.8 (5.3) 63.8 (5.7) 58.4 (7.1) �.001

Education
High school degree

or �high school
7928 (16.7) 6383 (20.9) 1073 (21.6) 102 (21.8) 15 486 (18.6)

Vocational school
or college
degree
and higher

39 547 (83.3) 24 107 (79.1) 3900 (78.4) 366 (78.2) 67 920 (81.4)
�.001

Missing No. 386 327 45 6 764

BMI
�18.5 275 (0.6) 218 (0.7) 41 (0.8) 2 (0.4) 536 (0.7)

18.5-24.9 12 159 (26.2) 7228 (24.4) 1208 (25.0) 102 (22.3) 20 697 (25.5)

25.0-29.9 22 104 (47.7) 13 622 (45.9) 2158 (44.6) 213 (46.5) 38 097 (46.9) �.001

30.0-34.9 8678 (18.7) 6032 (20.3) 1009 (20.9) 100 (21.8) 15 819 (19.5)

�35.0 3136 (6.8) 2558 (8.6) 423 (8.7) 41 (9.0) 6158 (7.6)

Missing No. 1509 1159 179 16 2863

Mean (SD) 27.8 (4.7) 28.2 (5.1) 28.1 (5.1) 28.3 (4.9) 27.9 (4.9) �.001
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CMHS, California Men’s Health Study; MI, myocardial infarction.
aBecause of rounding, percentages may not total 100. For acute MI, International Classification of Diseases, Ninth Revision (ICD-9) codes 410 and 411 were used; and for stroke, ICD-9

codes 433, 434, and 436 were used.
bRace/ethnicity was determined by self-response to the first-stage survey questionnaire. Other race indicates American Indian; Alaskan Native; Native Hawaiian; other Pacific Islanders;

races specified by the participants other than white, black, Hispanic, and Asian; and mixed (multiple) races. Unknown race was not answered in the survey and cannot be identified from
administrative data.
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In addition, the proportion of par-
ticipants having a history of diabetes
(6.2% vs 20.6%), hypertension (30.3%
vs 45.2%), high cholesterol (35.8% vs
46.5%), congestive heart failure (1.6%

vs 3.9%), peripheral artery disease
(3.9% vs 7.7%), and other heart dis-
eases (14.1% vs 23.4%) were signifi-
cantly lower in the unvaccinated group
(TABLE 3). The mean numbers of out-

patient visits and inpatient visits 5 years
before follow-up were also signifi-
cantly lower in the unvaccinated group.

During follow-up, there were 1211
first MIs in 112 837 vaccinated person-

Table 2. Potential Lifestyle Risk Factors for Acute MI and Stroke by Number of Pneumococcal Vaccine Doses Received at Any Timea

Risk Factors

No. (%) by No. of Pneumococcal Vaccine Doses Received at Any Time

P
Value

0
(n = 47 861)

1
(n = 30 817)

2
(n = 5018)

�3
(n = 474)

Total
(N = 84 170)

Smoking
Never 22 326 (46.7) 11 574 (37.6) 1751 (34.9) 173 (36.6) 35 824 (42.6)

Current 5616 (11.7) 3671 (11.9) 630 (12.6) 55 (11.6) 9972 (11.9) �.001

Quit 19 900 (41.6) 15 559 (50.5) 2634 (52.5) 245 (51.8) 38 338 (45.6)

Missing No. 19 13 3 1 36

Cigarettes smoked per d
0 23 059 (48.2) 12 147 (39.4) 1865 (37.2) 178 (37.6) 37 249 (44.3)

�5 5317 (11.1) 3228 (10.5) 536 (10.7) 65 (13.7) 9146 (10.9)

6-10 4507 (9.4) 3126 (10.1) 520 (10.4) 46 (9.7) 8199 (9.7)

11-20 8083 (16.9) 6171 (20) 1019 (20.3) 102 (21.5) 15 375 (18.3) �.001

21-30 4184 (8.7) 3465 (11.2) 597 (11.9) 47 (9.9) 8293 (9.9)

31-40 1823 (3.8) 1675 (5.4) 290 (5.8) 25 (5.3) 3813 (4.5)

�41 887 (1.9) 1005 (3.3) 191 (3.8) 11 (2.3) 2094 (2.5)

Missing No. 1 0 0 0 1

Years smoked
0 22 632 (47.3) 11 812 (38.3) 1798 (35.8) 175 (36.9) 36 417 (43.3)

�5 5242 (11.0) 2873 (9.3) 438 (8.7) 47 (9.9) 8600 (10.2)

6-10 4296 (9.0) 2775 (9.0) 452 (9.0) 37 (7.8) 7560 (9.0)

11-20 6177 (12.9) 4500 (14.6) 735 (14.6) 63 (13.3) 11 475 (13.6) �.001

21-30 5159 (10.8) 4096 (13.3) 686 (13.7) 71 (15.0) 10 012 (11.9)

31-40 3063 (6.4) 2673 (8.7) 488 (9.7) 42 (8.9) 6266 (7.4)

�41 1288 (2.7) 2078 (6.7) 421 (8.4) 39 (8.2) 3826 (4.5)

Missing No. 4 10 0 0 14

Alcohol consumption, g
Median (IQR) 2.8 (0.1-13.9) 2.0 (0-13.6) 1.1 (0-10.3) 0.8 (0-8.6) 2.4 (0-13.6) �.001

Daily energy intake, kcal
Mean (SD) 2126.2 (1123.8) 2009.8 (1106.7) 1961.1 (1030.4) 1995.6 (1111.1) 2073.0 (1113.8) �.001

Total fat intake, g
Mean (SD) 83.5 (52.2) 78.5 (52.1) 76.7 (48.3) 76.6 (50.9) 81.2 (52.0) �.001

Daily vegetable consumption, g
No. 47 558 30 604 4975 471 83 608

Mean (SD) 2.0 (1.6) 2.1 (1.7) 2.1 (1.8) 2.3 (1.6) 2.1 (1.6) �.001

Daily fruit consumption, g
No. 47 565 30 630 4983 472 83 650

Mean (SD) 2.2 (2.1) 2.2 (2.1) 2.2 (2.1) 2.4 (2.2) 2.2 (2.1) �.001

Physical activity
Low 18 319 (38.3) 12 226 (39.7) 2029 (40.4) 204 (43.0) 32 778 (38.9)

Moderate 20 946 (43.8) 14 190 (46.0) 2342 (46.7) 201 (42.4) 37 679 (44.8) �.001

Vigorous 8596 (18.0) 4401 (14.3) 647 (12.9) 69 (14.6) 13 713 (16.3)

Sedentary �6.5 h/d outside
of work

No 29 893 (66.5) 18 654 (65.2) 3010 (64.4) 282 (64.8) 51 839 (65.9)

Yes 15 076 (33.5) 9977 (34.8) 1663 (35.6) 153 (35.2) 26 869 (34.1)
�.001

Missing No. 2892 2186 345 39 5462

No. of influenza vaccines received
in lifetime

Median (IQR) 1.0 (0-5.0) 6.0 (3.0-10.0) 9.0 (6.0-11.0) 10.0 (8.0-12.0) 4.0 (0-8.0) �.001
Abbreviations: IQR, interquartile range; MI, myocardial infarction.
aBecause of rounding, percentages may not total 100.
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years (10.73 per 1000 person-years)
compared with 1494 first MI events in
246 170 unvaccinated person-years
(6.07 per 1000 person-years). For
stroke, there were 651 events in 122 821
vaccinated person-years (5.30 per 1000
person-years) compared with 483
events in 254 541 unvaccinated person-
years (1.90 per 1000 person-years).
With adjustment for the propensity
score, we found no evidence for an as-
sociation between pneumococcal vac-
cination and reduced risk of acute MI
(adjusted HR, 1.09; 95% CI, 0.98-
1.21) or stroke (adjusted HR, 1.14; 95%
CI, 1.00-1.31) (TABLE 4). In addition,
association was not observed either in
the current smokers, men with his-
tory of diabetes, men with history of hy-

pertension, or men of the low-risk
group. The results appeared to be ro-
bust because using more specific codes
for acute MI and stroke did not change
the estimates. Adjusted HRs were 1.24
(95% CI, 1.04-1.48) if ICD-9 code
410.xx was used to define acute MI and
1.17 (95% CI, 0.95-1.45) if ICD-9 codes
433.xx and 434.xx were used to de-
fine stroke.

COMMENT
Our cohort study assessed the poten-
tial association between pneumococ-
cal vaccine and the reduced risk of acute
MI and stroke in an ethnically and so-
cioeconomically diverse male popula-
tion. In contrast with the findings of a
case-control study by Lamontagne et al,6

our data did not support the protec-
tive role of pneumococcal vaccine
against acute MI and stroke. Two ma-
jor methodological distinctions may ex-
plain the difference. First, many pos-
sible confounding factors were not
considered in the case-control study be-
cause it was limited to data found in ad-
ministrative databases.9-11 In our study,
dietary factors, disease history, and life-
style factors such as cigarette smoking
and physical activity level were com-
prehensively ascertained and adjusted
for in the analyses. Second, the con-
trols chosen by Lamontagne et al were
criticized as being likely to be a healthier
group.10 The cohort design protects
against selection bias and the prospec-
tive ascertainment of relevant expo-

Table 3. Selected Disease History and Numbers of Outpatient and Inpatient Visits 5 Years Before Follow-up by Number of Pneumococcal
Vaccine Doses Received at Any Timea

No. (%) by No. of Pneumococcal Vaccine Doses Received at Any Time

P
Value

0
(n = 47 861)

1
(n = 30 817)

2
(n = 5018)

�3
(n = 474)

Total
(N = 84 170)

Diabetes mellitus
No 44 913 (93.8) 24 858 (80.7) 3641 (72.6) 343 (72.4) 73 755 (87.6)

�.001
Yes 2948 (6.2) 5959 (19.3) 1377 (27.4) 131 (27.6) 10 415 (12.4)

High blood pressure
No 33 344 (69.7) 17 112 (55.5) 2540 (50.6) 233 (49.2) 53 229 (63.2)

�.001
Yes 14 517 (30.3) 13 705 (44.5) 2478 (49.4) 241 (50.8) 30 941 (36.8)

High cholesterol
No 30 746 (64.2) 16 738 (54.3) 2445 (48.7) 230 (48.5) 50 159 (59.6)

�.001
Yes 17 115 (35.8) 14 079 (45.7) 2573 (51.3) 244 (51.5) 34 011 (40.4)

Congestive heart failure
No 47 084 (98.4) 29 662 (96.3) 4775 (95.2) 447 (94.3) 81 968 (97.4)

�.001
Yes 777 (1.6) 1155 (3.7) 243 (4.8) 27 (5.7) 2202 (2.6)

Peripheral artery disease
No 46 011 (96.1) 28 552 (92.7) 4560 (90.9) 419 (88.4) 79 542 (94.5)

�.001
Yes 1850 (3.9) 2265 (7.3) 458 (9.1) 55 (11.6) 4628 (5.5)

Other heart diseases
No 41 112 (85.9) 23 761 (77.1) 3699 (73.7) 339 (71.5) 68 911 (81.9)

�.001
Yes 6749 (14.1) 7056 (22.9) 1319 (26.3) 135 (28.5) 15 259 (18.1)

No. of outpatient visits 5 y before
follow-up

�8 13 050 (27.3) 3365 (10.9) 305 (6.1) 16 (3.4) 16 736 (19.9)

8-14 12 065 (25.2) 5741 (18.6) 749 (14.9) 71 (15.0) 18 626 (22.1)

15-25 11 254 (23.5) 8402 (27.3) 1322 (26.3) 124 (26.2) 21 102 (25.1)
�.001

�26 11 492 (24.0) 13 309 (43.2) 2642 (52.7) 263 (55.5) 27 706 (32.9)

Median (IQR) 14.0 (7.0-25.0) 22.0 (13.0-38.0) 27.0 (16.0-44.0) 29.0 (17.0-49.0) 17.0 (9.0-31.0) �.001

No. of inpatient visits 5 y before
follow-up

0 46 251 (96.6) 28 316 (91.9) 4224 (84.2) 367 (77.4) 79 158 (94.0)

1-2 1455 (3.0) 2107 (6.8) 647 (12.9) 84 (17.7) 4293 (5.1) �.001

�3 155 (0.3) 394 (1.3) 147 (2.9) 23 (4.9) 719 (0.9)

Median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) �.001
Abbreviation: IQR, interquartile range.
aBecause of rounding, percentages may not total 100.
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sure factors either from questionnaire
data or electronic clinical records pro-
tects against biases related to recall. Af-
ter controlling for potential confound-
ing factors and eliminating possible
selection bias, the protective role of
pnemococcal vaccine against acute MI
and stroke was not observed among
men older than 45 years. The results of
several sensitivity analyses, including
subgroup analyses of men of different
age and risk groups or analysis using
more specific codes to identify out-
comes, also showed no evidence of an
inverse association.

Pneumococcal vaccine is recom-
mended to adults aged 65 years or older
and to persons who have certain un-
derlying medical conditions that may
increase the risk for pneumococcal
infection. Such conditions include
chronic cardiovascular diseases (eg,
congestive heart failure or cardiomyo-
pathy), chronic pulmonary diseases (eg,
chronic obstructive pulmonary dis-
ease or emphysema), or chronic liver
diseases (eg, cirrhosis), and diabetes
mellitus.12 Therefore, it is not surpris-
ing to find that the vaccinated popula-
tion was generally older and had higher
prevalences of chronic conditions. The
observation that the unadjusted HRs for
pneumococcal vaccination were sig-
nificantly more than 1 for both acute
MI and stroke is consistent with the
clinical guidelines. The modestly in-
creased risk of MI or stroke in men
younger than 65 years is probably due
to residual confounding, because no
evidence suggests that the vaccine
would increase the risk of vascular
events, particularly in men in this age
category. With additional adjustment
of risk factors of MI or stroke, such as
smoking, diabetes, and history of heart
diseases in the Cox proportional haz-
ards regression model in the younger
than 65 years age group, the HR asso-
ciated with vaccination reduced to 1.11
(95% CI, 0.98-1.29) for MI and 1.24
(95% CI, 1.05-1.50) for stroke. Such ad-
justment does not affect the estimate in
the 65 years or older age group.

In a recent systematic review and
meta-analysis by Huss et al,13 the

authors found a high degree of
heterogeneity between trials in the
efficacy of pneumococcal polysaccha-
ride vaccine in the prevention of a
range of clinical outcomes. They
found little evidence of protection
against pneumonia among elderly
persons or adults with chronic respi-
ratory illness, for whom the pneumo-
coccal vaccine is recommended in
many industrialized countries. Trials
of higher quality (ie, those with a
double-blind design and adequate
concealment of allocation) generally
showed little evidence of a protective
vaccine effect, regardless of the study
population and setting. Although
these findings differed from a recent
Cochrane review,14 which found
strong evidence supporting the vac-
cine’s efficacy against invasive pneu-
mococcal disease and reported a com-

bined odds ratio (OR) of 0.26 (95%
CI, 0.15-0.46), the authors suggested
that the inconsistency could be largely
explained by the inclusion of 2 earlier
studies with inadequate randomiza-
tion and whose participants had lim-
ited access to care and diagnostic pro-
cedures in the Cochrane review.13 If
pneumococcal polysaccharide vaccine
is not as effective as previously
believed in preventing infection and
its complications, any putative effect
of preventing infection-triggered
acute MI or stroke becomes unlikely.

Our findings are consistent with
those reported by Smeeth et al,1 which
showed within-person comparisons
using the case-series method to study
the risks of MI and stroke after com-
mon vaccinations and naturally occur-
ring infections. The authors con-
cluded that acute infections are

Table 4. Association of Pneumococcal Vaccination and Incidence of MI and Stroke

Outcome

HR (95% CI)
P

ValueUnadjusted Adjusteda

Acute MI
All men 1.59 (1.51-1.68) 1.09 (0.98-1.21) .13

Age, y
�65 1.67 (1.55-1.80) 1.23 (1.08-1.40) �.001

�65 0.99 (0.89-1.11) 0.89 (0.80-1.01) .10

High-risk groups
Current smokers 1.55 (1.34-1.79) 1.11 (0.83-1.47) .48

Diabetes 1.23 (1.09-1.40) 1.04 (0.87-1.24) .51

Hypertension 1.43 (1.32-1.54) 1.10 (0.97-1.25) .16

Low-risk groupb 1.16 (0.57-2.35) 0.98 (0.35-2.73) .97

Influenza vaccine
0 1.78 (1.39-2.27) 1.10 (0.70-1.72) .69

1-10 1.52 (1.41-1.63) 1.10 (0.97-1.26) .14

�10 1.22 (1.09-1.37) 1.00 (0.83-1.21) .97

Stroke
All men 1.99 (1.86-2.13) 1.14 (1.00-1.31) .05

Age, y
�65 2.07 (1.86-2.29) 1.37 (1.16-1.70) �.001

�65 1.10 (0.95-1.27) 0.85 (0.70-1.03) .10

High-risk groups
Current smokers 1.95 (1.63-2.34) 1.27 (0.85-1.89) .25

Diabetes 1.24 (1.05-1.46) 0.96 (0.77-1.21) .76

Hypertension 1.71 (1.55-1.88) 1.19 (0.98-1.44) .08

Low-risk groupb 1.90 (1.04-3.49) 1.76 (0.62-4.96) .29

Influenza vaccine
0 2.53 (1.81-3.55) 1.51 (0.79-2.86) .21

1-10 1.96 (1.80-2.14) 1.24 (1.04-1.49) .02

�10 1.57 (1.34-1.85) 1.04 (0.77-1.40) .80
Abbreviations: CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.
aEstimations were adjusted for the propensity score.
bYounger than 55 years with no history of smoking, diabetes, and hypertension.
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associated with a transient increase in
the risk of vascular events. However, in-
fluenza, tetanus, and pneumococcal
vaccinations do not produce a detect-
able increase in the risk of vascular
events. Combined with the findings
from our study, it appears that both
short- and long-term risks of acute MI
and stroke are not affected by pneu-
mococcal vaccination.

Pneumococcal vaccination was also
found to have no effect on MI in
another case-control study.15 In the
study by Meyers et al, the authors
administered a standardized question-
naire to 335 patients with MI and 199
patients with fractures. The groups
significantly differed by sex, age, BMI,
smoking status, family history of
heart disease, personal history of car-
diovascular disease, and number of
self-reported upper respiratory tract
infections. Pneumococcal vaccine had
been administered to 32% of patients
with MI and 39% of patients with
fractures, with an adjusted OR of 0.89
(95% CI, 0.60-1.33). The authors
concluded that pneumococcal vaccine
is not associated with a reduced risk
of MI.

The health care delivery systems pro-
vide a well-developed infrastructure for
conducting a prospective cohort study.
The majority of health care for Kaiser
Permanente members is delivered

within an integrated system of Kaiser
Permanente owned and operated medi-
cal centers and outpatient facilities.
Minimal co-payments are a strong
incentive to receive care within the sys-
tem. Care provided outside the sys-
tem either through contractual arrange-
ments or for emergency care are
captured in outside referral and claims
reimbursement data systems. Impor-
tantly, for outside clinicians to be re-
imbursed by the health plan for cov-
ered emergent care, claims have to be
submitted with documentation of the
episode of care, and this information is
entered into the administrative data sys-
tems. Thus, the capture of care deliv-
ered to members is reasonably com-
prehensive.

One limitation of our study is that we
relied on diagnostic codes in the elec-
tronic record for acute MI and stroke
and on electronic data for exposure.
However, although misclassification
might exist, it is mostly likely mini-
mal and nondifferential. It seems un-
likely that misclassification would in-
troduce a systematic bias on the basis
of either exposure or outcome. In ad-
dition, the association between this vac-
cine and acute MI and stroke in women
or in very old populations was not ad-
dressed in our study.

In conclusion, among a cohort of
men aged 45 years or older, receipt of

pneumococcal vaccine was not associ-
ated with subsequent reduced risk of
acute MI and stroke, after accounting
for baseline differences in those par-
ticipants receiving vaccine vs not re-
ceiving vaccine.
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