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ABSTRACT

Objective. To compare characteristics of persons in rural northern communities who participated
in a study on antimicrobial use and drug-resis&rgptococcus pneumonié®P) to those who

did not participate.

Study Design.The original study (1998-2000) was a community-based, controlled intervention
trial designed to determine the penicillin susceptibility of nasopharyngeal SP isolates in relation
to community-wide use of antibiotics. The study continued after 2000, in a subset of the original
communities, to prospectively evaluate the impact of the heptavalent pneumococcal conjugate
vaccine on the carriage of SP. The results presented here are an analysis of the first five years of
data.

Methods. We conducted annual surveys (1998-2002) for nasopharyngeal colonization of SP
using a volunteer sample of residents in rural communities. Medical chart reviews for health clin-
ic visitation and antibiotic use were completed for all village residents.

Results.Participants were younger (22.8 vs. 28.4 years), had more health clinic utilization (3.3
vs. 2.4 visits) and received more antibiotics (1.0 vs. 0.6 courses) than non-participants. Differences
between participants and non-participants were similar across all years of the study.
Conclusions.Our study provides further empirical evidence that selection bias should be
consideredvhen designing studies. However, a volunteer sample provided internal consistency for
comparison of our main study outcomes across {ime] Circumpolar Health 2005;64(1):16-25.)

Keywords: participation, non-participation, non-randomized sample, selection bias, Alaska,
community intervention
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INTRODUCTION susceptibleStreptococcus pneumoniésP).
The communities involved are accessible on-
Arandom sample, necessary for drawing conly by boat, or air travel, and range in size
clusions about a population based on a studfrom 75 to 800 persons. Health care is pro-
sample, is logistically difficult to obtain, and vided in each village at a primary care clinic
is cost-prohibitive in medical studies. It is of- staffed by community-health aides, or physi-
ten impossible to obtain a list of all personscian assistants. Each intervention was devel-
with a given medical condition or from a giv- oped to target four communities within a re-
en study population of interest, from which to gion, while the other two regions (nine vil-
draw a random sample. Often, studies mustages) were left as controls. Treatment was as-
rely on a person making contact with thesigned at the regional rather than the individ-
health care system, before they are recruitedal level. To evaluate whether the education-
into a particular study. Additionally, in most al intervention was successful in reducing an-
studies concerning human subjects, potentialibiotic prescribing, medical charts at each
participants must consent to take part, intro-village clinic were reviewed for all residents
ducing selection bias into a sample. Relying(5). To assess the impact of the interventions
on a volunteer sample of subjects that haven the carriage of penicillin-nonsusceptible
contacted the health care system, results in 8P, nasopharyngeal swab specimens were
non-representative sample with possible biagollected from a volunteer sample in each of
in the outcomes of interest. the villages in the first 3 years (1998-2000) of
We assessed the bias associated with #ne study (5). The study continued after 2000
non-representative sample in the context of an order to evaluate the impact of the hep-
study in remote Alaska. The primary outcometavalent pneumococcal conjugate vaccine on
measure in the original study was the prevathe carriage of SP.
lence of nasopharyngeal carriage of peni- Arandom sample of village residents was
cillin-nonsusceptible SP over time. Becausenot considered, as it would have involved a
we suspected our participants were likely todoor-to-door recruitment process, which was
have used antibiotics more often than non-considered culturally inappropriate. The lack
participants, and since antibiotic use is assoef a random sample precludes generalization
ciated with resistant pneumococci (1-4), theof the study results to the entire community
estimate of our primary outcome measurebased on statistical design and prompted ex-
was potentially biased. The original study in- amination of the demographic representative-
volved two interventions in 17 villages in rur- ness of the volunteer sample. Because we
al Alaska (1998-2000) to determine if either conducted chart reviews on all residents of
education about judicious use of antibioticsthe participating villages, medical and demo-
(5), or an increase in the routine dose ofgraphic characteristics of the participants
amoxicillin (for children under 7 years of could be compared to those who did not par-
age) (6), could be successful in decreasing thécipate. Herein, we report on a secondary ob-
proportion of persons carrying penicillin-non- jective of the project: to examine characteris-
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tics of a volunteer sample in rural Alaskan vil- clinic, community hall and store], radio an-
lages, and to evaluate the effect of the volunnouncements, and letters sent to each house-
teer sampling technique on the main studyhold. Residents were reimbursed $25 to com-
objective. pensate them for the time to participate in the
study. Participating in the study involved a
brief interview regarding demographics and

METHODS medical history, and a nasopharyngeal swab.
Methods employed for the nasopharyngeal
Study design swab specimen handling and laboratory pro-

Originally (1998-2000), the study was con- cedures have been described previously (5)
ducted in four regions (17 villages) of rural and remained consistent during each study
Alaska. The regions were selected on the bayear reported in this analysis (1998-2002).
sis of adequate geographical distance be- At the community health clinic, an indi-
tween them to eliminate any crossover effects/idual medical record is maintained for each
from one region to another during the initial village resident by community health aides,
intervention phase. Villages were selectedor physician assistants. As a secondary out-
within the regions based on willingness tocome in the original study, medical records of
participate assessed during community counall village residents were reviewed to deter-
cil meetings. No communities that were ap-mine the number of clinic visits (excluding
proached refused participation. Details re-preventive health visits) and the baseline
garding the community-based interventionsnumber of antibiotic courses prescribed dur-
and primary outcomes from the initial study ing the previous 6-month period from Octo-
have been provided previously (5, 6). Afterber 1 to March 31. Waver of individual con-
2000, the study continued in two of the orig- sent for medical chart review of all residents
inal four regions (8 of the original 17 vil- was obtained at the village council, regional
lages), in order to evaluate the impact of thehealth corporation and the state-wide institu-
introduction of the heptavalent pneumococcattional review board. Methods of the medical
conjugate vaccine on community-wide car-chart review have been published previously
riage of SP. To assess the impact of the origi{5) and have remained consistent throughout
nal interventions and of the introduction of the follow-up years involved in this analysis.
the vaccine on SP carriage, annual nasophaFhis study was reviewed and approved by In-
ryngeal surveys were conducted in each parstitutional Review Boards of Centers for Dis-
ticipating village during the months of April ease Control and Prevention (CDC), Indian
and May (1998-2002). For the annual na-Health Service, and the participating Native
sopharyngeal survey, study personnel spent Ziealth corporations.

4 days in each village and operated out of the

community health clinic. Residents were Statistics

asked to participate in the study through théWe compared the characteristics (antibiotic
use of study posters [displayed at the healtluse, clinic use, age) of those who participated
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in the study to those who did not using a gensurveys between 1998 and 2000. Childteh
eralized linear model, with village and region years of age for 2001, asd! years of age for
entered into the model as fixed effects. The2002, were removed from these comparisons,
sampling method was identical in the first because they were not alive at the time of the
three years of the study and provided the op1998 survey and, consequently, were more
portunity to test if the characteristics of par-likely to be new participants. Sex, SP carriage
ticipants and non-participants were similar inrates and penicillin-nonsusceptible SP rates
the first 3 years of the study. If this were thewere compared between new (previous non-
case, the study would provide internal validi- participants) and previous participants by the
ty for the comparison of penicillin-nonsus- Mantel-Haenszel test, stratified by village of
ceptible SP rates across years (1998-2000)esidence. Age, the number of courses of an-
We examined characteristics (clinic use andibiotics and clinic visits were compared as
antibiotic use) of participants and non-partic- previously described.
ipants between years by adding year, partici- A simulation was used to estimate the SP
pation and age into the generalized linearcarriage rate and penicillin nonsusceptible SP
model and testing for an interaction betweencarriage rate in those village residents who
year and participation (coded as an indicatowere not sampled. For each resident not sam-
variable). A statistically significant interaction pled, a predicted probability of SP carriage
between year and participation would indicatewas obtained from a logistic regression mod-
that the characteristics of the participants anel based upon the data of the participants. The
non-participants differed depending on studyfirst set of logistic regression models (one for
year. All two-way interactions and the three-each study year) included age class (0-9, 10-
way interaction term between region, year andl4, 15-19, 20-29, 30-54, and 55+ years), study
participation were entered into the model.region, and the number of antibiotic courses.
Backwards elimination was used for final The predicted probability was used to classify
model selection using the Wald chi-square testhe non-participant as a carrier, or non-carrier
statistic. of SP. If carriage of SP was predicted for an
For 2001 and 2002, in the eight villagesindividual, a second logistic regression model
(two regions) that remained in the survey, wewas used to determine the probability that the
compared characteristics of new participantscarried organism would be non-susceptible or
in the study to persons who had participatedsensitive to penicillin . The second set of lo-
in a previous year. New participants were de-gistic regression models included age class (0-
fined as village residents participating in thel, 2-4, 5-18, 19+), study region and the num-
2001 or 2002 nasopharyngeal swab surveyser of antibiotic courses . The predicted prob-
that had not participated in any survey fromability from the second logistic regression
1998-2000. Previous participants were de-snodel was used to classify the individual as
fined as village residents participating in thecarrying penicillin sensitive, or non-suscepti-
2001 or 2002 nasopharyngeal swab surveyble SP. Outcomes from the logistic regres-
who had also participated in at least one of thesions were summed to obtain predicted SP
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and penicillin-nonsusceptible SP carriagepants was 22.8 years, which was significantly
rates for the resident non-sampled populationyounger than the 28.4 years for non-partici-
The simulation was run 10,000 times and thepant residents (Table 1). Compared with non-
mean rates were calculated over all iteraparticipants during the previous 6 months,
tions. Bias was then calculated as the differparticipants were more likely to have visited
ence between the rate from the volunteethe clinic, had more clinic visits, were more
sample and the estimated rate from the entirékely to have been prescribed antibiotics, and
population. Because the objective of the papewere prescribed more courses of antibiotics
is to characterize participants and non-partic{Table 1). After controlling for age, there was
ipants in our surveys, rather than to determinestill a significant difference in the number of
risk factors for drug resistant SP carriage as irantibiotic courses (p < 0.01) and clinic visits (p
previous analyses (5), the results from logistic< 0.01) between participants and non-partici-
regression models are only presented indipants in 1998 (figure 1). Participants were sig-
rectly, through reporting of the simulation re- nificantly younger in age, had more clinic vis-
sults. All p-values are two-sided and < 0.05its and antibiotic courses than non-partici-
was considered statistically significant. pants in 1999 and 2000 (Table 1), similar to the
results for 1998. When we restricted the analy-
sis to persons known to have used the com-
RESULTS munity health clinic during the chart review
period (number of clinic visitel), results
Participant characteristics (1998 - 2000) comparing age, antibiotic and clinic use of
Over the first 3 years of the study, 5,870,participants and non-participants (1998-2000)
6,255 and 5,937 medical charts were re-were similar (data not shown).
viewed during 1998-2000, respectively. The
participation rates in the nasopharyngeal SRmpact of sampling method on initial
culture survey were 33 % (n = 1,956), 30 % (nstudy objective
=1,873) and 36 % (n =2,114) in 1998 - 2000,To examine differences between participants
respectively. In 1998, the mean age of partici-and non-participants across years, the number
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Figure 1. Mean number of antibiotic courses and clinic visits per person for study participants and
non-participants in rural Alaska, 10/1/1991-3/31/1998.
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Table I.
Age, number of clinic visits and antibiotic courses for rural Alaskan participants and non-participants in an
annual survey for SP colonization, Alaska, 1998-2000.

Characteristic, or outcome Year Participants Non-participants

Mean age, years 1998 22.8 (55%) 28.4 (38%) *

(% < 20 years of age) 1999 22.5 (56%) 28.5 (38%) *
2000 23.8 (54%) 29.2 (36%) *

Mean number of clinic visitst 1998 3.31 (81%) 2.38 (67%) **

(% with = | clinic visit) 1999 3.29 (80%) 2.20 (66%) **
2000 2.87 (78%) 2.01 (64%) **

Mean number of antibiotic 1998 1.02 (49%) 0.65 (36%) **

Coursest 1999 0.79 (44%) 0.53 (32%) **

(% with = | antibiotic course) 2000 0.72 (42%) 0.46 (28%) **

* P-value comparing mean for participants and non-participants < 0.05, stratified by village.
** P-value comparing mean for participants and non-participants < 0.05, stratified by village and age group.
T Mean number of clinic visits and antibiotic courses for the 6-month period (Oct. | - Mar. 21).

Table Il.
Comparison of characteristics of participants by previous participant status, 2001-2002.
2001 2002
Participants in 2001 Participants in 2002
(n =2,463)t (n =2,066)%
Outcome measure  Previously New Non Previously New Non
participated  participant participants  participated  Participant participants
in 1998-2000 (n=767) in 200l in 1998-2000 (n =296)§ in 2002
(n = 1,696) (n=1,435  (n=1,305) (n=1,272)
Mean age (years) 25.3 29.4* 33.8 27.1 34.7% 337
Mean number of 0.63 0.52%* 0.36 0.61 0.47+* 0.37
antibiotic courses
Mean number of 3.00 2.20%* 1.95 2.64 2.09%* 1.74
clinic visits
Sex (% male) 45.5% 60.1%** 45.4% 63.2%**
(77171,696)  (461/767) (593/1,305)  (187/296)
% Carrying 38.1% 29.3%* 34.3% 31.1%
S. pneumoniae (646/1,696)  (225/767) (448/1,305)  (92/296)
% Penicillin 21.8% 18.7% 16.3% 20.7%
non-susceptible (141/646) (42/225) (73/448) (19/92)

* P-value comparing new participants and those who had previously participated < 0.05, stratified by
village.

** P-value comparing new participants and those who had previously participated < 0.05, stratified by
village and age group.

T Limited to those = 3 years of age.

I Limited to those > 4 years of age.

§ Participants in 2002 who had previously participated in 2001 only (n = 465) not included [Mean age = 30.9
years, antibiotic courses = 0.51, clinic visits = 2.27, male = 59.6 %, SP carriers = 29.3 %, PNSP = 16.9 %].
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of clinic visits and antibiotic courses were en-prescribed fewer antibiotics and had fewer
tered into a linear model with year, treatmentclinic visits than participants who had en-
region, village, age and participation. The in-rolled in at least 1 year between 1998 and
teraction term between participation and year2000 (Table Il). In both years, new partici-
was not significant in either the model for clin- pants (previous non-participants) were more
ic visits (p = 0.42), or the number of antibiot- likely to be male (60.1 % male, 2001; 63.2 %
ic courses (p = 0.25), indicating that the dif- male, 2002) than previous participants (45.5
ferences between participants and non-partic% male, 2001; 45.4 % male, 2002). This dif-
ipants were similar in the first 3 years of theference in gender between new (previous
study. For example, participants were pre-non-participants) and previous participants
scribed 57%, 49% and 57% more antibioticswas less evident for children under 10 years
than non-participants in 1998, 1999 and 2000pf age than among adults and adolescents
respectively. Participants had 39%, 49%, ancaged 10 years, or more (data not shown). In
43% more clinic visits than non-participants in 2001, new participants (previous non-partici-
1998, 1999 and 2000, respectively. We foundpants) were less likely to carry SP (29.3 %)
the increased antibiotic and clinic use amonghan those who had also participated in one of
participants to be consistent across all regionghe baseline years (38.1 %, Table Il). Howev-

of the study area (data not shown). er, this difference was not repeated in 2002
(new participants [34.3 %], previous patrtici-

Newly recruited participant pants [31.1 %]). In both years, there was no

characteristics (2001-2002) difference between the newly recruited par-

Participation rates increased in 2001 (63 %, rticipants (previous non-participants) and
=2,662) and 2002 (62 %, n = 2,260) from thethose that had participated during the baseline
overall baseline participation rate of 1998-years, in the proportion of carriers with peni-
2000 (33 % in all four regions and 38 % in cillin-nonsusceptible SP (Table II).

two regions that continued to participate in

2001/2002). The increase in participationPredicted carriage and resistance

may have been due to a change in reimburserevalence among non-participants

ment procedures (check provided at the timePredicted probabilities from two logistic re-
of participation, rather than mailed) and an in-gression models were used to simulate car-
creased familiarity of village residents with riage and resistance for SP in non-participants
the study procedures and objectives. We comfrom the 5 study years (Table Ill). The esti-
pared characteristics of participants who weremated SP carriage rate in non-participants
newly recruited to the study in 2001 andwas consistently lower than the actual car-
2002 (previous non-participants in 1998-riage rate in participants. The difference be-
2000), to those who had participated in thetween the actual rate in participants and the
study during the first 3 baseline years. In bothestimated rate for non-participants was high-
2001 and 2002, new participants (previousestin 1999 (30.4 % vs. 22.9 %) and lowest in
non-participants) were older in age, had beer2002 (35.1 % vs. 31.6 %). The estimated bias
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Table IlI.

Carriage of S. pneumoniae and the percentage of penicillin-nonsusceptible S. pneumoniae isolated for those
that participated in the volunteer sample with the estimated SP carriage rate, and percentage penicillin-
nonsusceptible for those who did not participate in the volunteer sample, and the estimated bias, rural
Alaska, 1998-2002.

S. pneumoniae Carriage Non-susceptibility to Penicillin (among SP carriers)
Actual for Estimated rate Estimated Bias Actual for  Estimated rate Estimated  Bias
Study participants for non- rate for participants for non- rate for
Year participants  population participants population
1998 33.0% 26.1% 28.4% 4.6%  28.4% 26.0% 26.9% 1.5%
1999 30.4% 22.9% 25.1% 53% 24.6% 23.2% 23.7% 0.9%
2000 32.2% 25.6% 28.0% 42%  31.1% 29.3% 30.0% 1.0%
2001 36.3% 31.9% 34.7% 1.6%  22.2% 20.8% 21.4% 0.8%
2002 35.1% 31.6% 33.7% 1.3%  17.6% 16.9% 17.4% 0.3%

in the SP carriage rate ranged from 1.3 % tother studies have found lower levels of risk
5.3 %. The actual penicillin-nonsusceptible factors in participants, as was the case in stud-
SP rate for participants was only slightly ies related to life expectancy and smoking (8,
higher than the estimated penicillin-nonsus-9). However, the characteristics of our partici-
ceptible SP rate for non-participants. Thepants and non-participants were consistent
greatest difference between the two rates waacross years, which allowed for internal com-
observed in 1998 (28.4 % vs. 26.0 %) and theparison of our outcome of interest (% peni-
smallest, in 2002 (17.6 % vs. 16.9 %). The es<illin-nonsusceptible SP) over time. We are not
timated bias in the penicillin-nonsusceptible aware of any other studies that compare antibi-
SP rate ranged from 0.3 % to 1.5 %. otic prescribing rates, or rural health clinic uti-
lization, by volunteer participation in a health-
related survey.
DISCUSSION Alarge increase in the participation rate in
a subset of the original study regions be-
In annual non-randomized surveys of SP colotween the baseline years (1998-2000) and
nization in rural Alaska, we found that our par- 2001 and 2002 allowed us to examine charac-
ticipants were younger in age, had more visitgeristics of a proportion of the population we
to the health care clinic and had been prehad not sampled for SP colonization during
scribed more antibiotic courses than the nonthe first 3 years of the study. The characteris-
participants. In our study, we found a highertics of these new participants (previous non-
level of antibiotic use in participants, which is participants) followed what would have been
a well-known risk factor for carriage of peni- predicted by differences between participants
cillin-nonsusceptible SP (1-4). Although dif- and non-participants in the first 3 years of the
fering in survey design and instrument, somestudy, in that they were older in age and had
studies have found a higher prevalence of riskess antibiotic and health clinic usage than
factors in participants of health surveys, as washose community members that had also par-
the case with cardiovascular disease (7), whilgicipated in the first 3 years of the study. We
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found that new participants (previous non-clinic staff with residents, we believe this is
participants) were more likely to be male thandone accurately. However, to eliminate this po-
those we had seen in previous surveys, whiclential misclassification, we examined differ-
is in agreement with findings from other vol- ences between participants and non-partici-
unteer surveys (10-13). New participants (prepants among persons known to have lived in
vious non-participants) were less likely to car-the village during the chart review periadl(
ry SP than those that had previously partici-health clinic visits) and results were the same.
pated in the surveys. However, this differenceThe new heptavalent conjugate pneumococcal
diminished in 2002 and disappeared in 200lvaccine was administered to many children un-
after stratification by age group. der the age of five in these communities in
Studies that rely on participants that have2001 and 2002. It has most likely contributed
some form of contact with a health care systo the decline in the age of persons carrying
tem, while not being representative of a generpenicillin-nonsusceptible SP observed in re-
al population, may be representative of thecent years among participants (Table IIl). We
population of health care seekers. In our studydid not collect data on the administration of
restricted to the population in a rural settingthis vaccine in non-participants and, conse-
that had sought health care at their village clin-quently, it could not be included in the carriage
ic during a 6-month chart review period, vol- simulations for those years.
unteer participants still had higher health clin-  We believe the information presented here
ic utilization and a higher antibiotic prescrip- will be useful to other researchers conducting
tion rate than non-participants. Therefore, parstudies in similar rural settings. Our principal
ticipants were not representative of the overalfinding, that volunteer study participants are
population of health care users. younger in age, more likely to be female, to
Our study had several limitations. The va-have sought health care, and to have been pre-
lidity of the estimated SP and penicillin-non- scribed antibiotics, highlights the practical im-
susceptible SP carriage rates were based upgortance of valid sampling techniques when-
the assumption that the relationships betweewver they are possible in medical research. In
those outcomes and age, study region and amur setting, where random sampling was not
tibiotic courses, were the same for non-particfeasible, a volunteer sample provided internal
ipants as those observed amongst participantsonsistency for comparison of our main study
This assumption is not testable. We consideredutcome across time.
all persons with a medical chart in the village
clinic to be village residents and classified Acknowledgments
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