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Abstract

Background: Few studies have investigated the association between physical activity practice and
medicine use; data from these studies are inconsistent. The aim of this study was to evaluate the
association between level of physical activity and medicine use in adults aged 20 years or more.

Methods: A population-based cross-sectional study was carried out in the first semester of 2002
in the urban area of Pelotas; a medium-sized Southern Brazilian city. Physical activity was assessed
with the short version of the International Physical Activity Questionnaire. A physical activity score
was created as the weekly time spent in moderate-intensity activities plus twice the weekly time
spent in vigorous-intensity activities. Medicine use in the |5 days prior to the interview was also
assessed. Adjusted analyses taking into account the sampling design was carried out using Poisson
regression. Wald tests for heterogeneity and linear trend were used to calculate significance.

Results: Out of the 3,182 individuals interviewed, 41% were not sufficiently active according to
current physical activity guidelines. Only 34% of the subjects did not use medicines in the previous
I5 days, and 18% used three or more drugs in the same period. Level of physical activity was
inversely associated with the number of medicines used both in the crude and in the adjusted
analyses.

Conclusion: There are well-documented benefits of physical activity for several chronic diseases
in the literature. Data from the present study suggest that medicine use is also positively affected
by physical activity behavior.

Background

Lack of physical activity is now recognized as a major chal-
lenge for public health due to its association with several
chronic diseases and consequent premature mortality [1-
6]. The World Health Organization has included physical
activity in the health agenda by creating the Global Strat-
egy on Diet, Physical Activity and Health [7]. However,
assessment of physical activity has also been a challenge.

In 2003, a group of researchers and institutions proposed
the International Physical Activity Questionnaire
(IPAQ)[8], allowing investigators to carry out comparable
studies on physical activity.

Medicine use is an indicator of general health status [9],
and consequently, less active individuals may be more
likely to use medicines. However, the literature on this
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association is scarce. Bardel et al[10], studying women
aged 35-65 years, showed a higher frequency of medicine
use in the less active group in the crude analysis. However,
after adjusting for the confounding variables, the associa-
tion was no longer significant. Eggen et al[11] found no
association between leisure-time physical activity and
medicine use in Norway, in a study including adolescents
and adults.

In a population-based study of Brazilian adults, the asso-
ciation between level of physical activity and medicine use
was evaluated, carefully controlling for potential con-
founders, such as sex, age and economic status, and medi-
ators, such as body mass index (BMI) and self-reported
health status.

Methods

A cross-sectional population-based study was carried out
in the first semester of 2002 in the urban area of Pelotas,
a 320,000-inhabitant city in Southern Brazil. The sample
was selected in two stages. The primary sample units were
the census tracts; these were divided into four groups
according to the mean schooling level of the household
heads. Within each stratum, the census tracts were system-
atically selected with probability proportional to size. A
total of 1,600 households were selected, 20 in each of the
80 tracts, through systematic sampling. All residents of the
selected household aged 20 years or more were eligible for
the investigation.

The sample size obtained (n = 3,182) allowed us to esti-
mate the association between medicine use and physical
activity level with a power of 90% using the following
parameters: confidence level of 95%, prevalence of medi-
cine use in the 15 days prior to the interview of 66%, prev-
alence of sedentary lifestyle of 27%, and prevalence ratio
of 1.15 or above.

A pre-tested and standardized questionnaire was used to
assess medicine use, with a recall period of 15 days. Inter-
viewees were asked to show the prescriptions and packag-
ing of all medicines used in the period. The name of the
drug and the manufacturer were recorded. Physical activ-
ity was measured using the short version of the Interna-
tional Physical Activity Questionnaire (IPAQ), with a
weekly recall[8]. A physical activity score was created as
the weekly time spent in moderate-intensity activities plus
twice the weekly time spent in vigorous-intensity activi-
ties. The score was categorized into four groups — 0 min-
utes per week: inactive; 1-149 minutes per week:
insufficiently active; 150-999 minutes per week: suffi-
ciently active; > 1000 minutes per week: highly active. The
two least active groups do not reach current physical activ-
ity requirements of at least 150 minutes per week of mod-
erate-intensity physical activities[3,5].

http://www.biomedcentral.com/1471-2458/6/224

Demographic and socioeconomic variables were also col-
lected as potential confounders. These variables were age,
sex, and economic status (according to the Brazil Crite-
rion for Economic Classification proposed by ANEP[12],
which considers both household assets and education of
the household head). Families are classified from class A
(wealthiest) to E (poorest). Body mass index - BMI (kg/
m?2) and self-reported health status (excellent, very good,
good, average, or poor) were also assessed.

Interviewers were women with at least 11 years of formal
education. They were trained for 40 hours and were not
aware of the purposes and hypotheses of the investiga-
tion. Data were collected through face-to-face home inter-
views. For quality control purposes, 10% of the interviews
were repeated by field supervisors.

Following descriptive analyses, the crude association
between medicine use and physical activity was tested. In
order to adequately adjust for confounders, Poisson
regression was used[13]. The effect of physical activity on
medicine use was initially adjusted for the potential con-
founding effect of sex, age, and economic status. Thereaf-
ter, additional adjustment for mediators (BMI and self-
reported health status) was also carried out. All tests were
two-tailed, and the significance level used was 0.05. All
analyses were performed accounting for the sample
design by using the svy set of commands available in Stata
version 8 (Statacorp, College Station, TX, 2003). The cen-
sus tracts were defined as the primary sampling units, and
weighting was not necessary, given the fact that the sam-
ple was self-weighted.

The project was approved by the Ethics Committee of the
Federal University of Pelotas Medical School. Personal
data were made anonymous, and informed consent was
obtained from each subject prior to the interview.

Results

In the 1,600 selected households, there were 3,372 indi-
viduals eligible for the study, of whom 3,182 (94.4%)
answered the questionnaire. Analyses were carried out
using 3,119 observations, as 63 subjects provided incom-
plete data on physical activity. The design effects for med-
icine use and physical activity were, respectively, 2.9 and
4.7, with intra-class coefficients of 0.046 and 0.094,
respectively.

Table 1 describes the sample in terms of sex, age, eco-
nomic status, BMI, self-reported health status, medicine
use and physical activity. There were slightly more women
than men in the sample. The mean age was 44.0 years (SD
16.3; range 20-98). Most subjects were classified in the
intermediate economic group. The mean BMI was 25.5
kg/m2 (SD 4.6) and only 9.5% of the individuals reported
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Table I: Description of the sample in terms of demographic and socioeconomic variables, physical activity and medicine use. Pelotas,

Brazil, 2002.
Variable N Percentage
Sex
Male 1374 43.2%
Female 1808 56.8%
Age (years)
20-39 1399 44.0%
40-59 1200 37.7%
> 60 583 18.3%
Economic status *
A — B (wealthiest) 747 23.6%
C 1270 40.0%
D-E 1153 36.4%
Body mass index (kg/m2)
<25 1542 50.6%
25-30 1068 35.1%
>30 437 14.3%
Self-reported health status
Excellent 300 9.5%
Very good 480 15.2%
Good 1494 47.2%
Average 767 24.2%
Poor 125 4.0%
Physical activity score (min/week)
0 839 26.9%
1-149 443 14.2%
150-999 1136 36.4%
> 1000 701 22.5%
Number of medicines used in the previous |5 days
0 1084 34.1%
| 943 29.7%
2 571 18.0%
>3 579 18.2%

* Brazil Criterion for Economic Classification (ANEP, 1996)

their health status to be excellent. Approximately 25% of
all subjects were classified as inactive in the week prior to
the interview. Further 443 (14.2%) practiced some physi-
cal activity in the week prior to the interview, but did not
reach current guidelines. Only 34.1% of the subjects did
not use medicines in the 15 days prior to the interview,
while 579 (18.2%) used three or more medicines in the
same period.

Figure 1 shows that the higher the level of physical activ-
ity, the lower the frequency of medicine utilization (P <
0.001). The proportions of medicine use were 71.9%,
68.9%, 65.0% and 58.4% among inactive, insufficiently
active, sufficiently active and very active individuals,
respectively.

Figure 2 presents the relationship between the number of
medicines used and level of physical activity. The propor-
tion of individuals using three or more drugs was higher
among inactive subjects (P < 0.001). High level of physi-

cal activity was associated with lower medicine utiliza-
tion.

Table 2 shows the association between physical activity
categories and medicine use in the 15 days prior to the
interview, categorized as a yes/no variable. In the crude
analysis, there was an inverse association between activity
levels and medicine use. After adjustment for sex, age and
economic status, the effect was reduced, but remained sta-
tistically significant. Inactive and insufficiently active sub-
jects presented similar adjusted prevalence ratios. Further
adjustment for the mediating effects of BMI and self-
reported health status did not substantially modify the
results.

For comparison with a previously published study [10],
we have repeated analysis exclusively for women aged 35—
65 years. For this group, the increased risk for medicine
use among sedentary women was 23%.
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Prevalence of medicine use in the |5 days prior to the inter-
view according to physical activity categories. Pelotas, Brazil,
2002. * Wald test for trend. ** Percentage of any medicine
use in the |5 days prior to the interview.

Data on medical diagnosis of diabetes and hypertension
was collected among subjects aged 40 years or more.
Based on this information, we repeated the analysis for
individuals reporting either condition. Among diabetic
patients (N = 219), 86.1% of the sedentary individuals
were using medicines, compared to 64.5% among those
in the more active group (P = 0.045). The same pattern
was observed for hypertensive patients (N = 737). The
prevalence of medicine utilization was 87.7% among sed-
entary patients, compared to 79.9% among the more
active subjects (P = 0.09). These results did not change
after adjustment for age.
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Figure 2

Association between physical activity practice and number of
medicines used in the |5 days prior to the interview. Pelotas,
Brazil, 2002.
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Discussion

To the best of our knowledge, this study is the first to
report that physical activity practice is associated with a
decreased risk of medicine use even after adjusting for
confounders. Because both physical inactivity and medi-
cine use are highly prevalent, the increased risk of medi-
cine use among subjects who do not reach physical
activity guidelines is relevant for public health, even with
the low prevalence ratios detected. Rates of physical inac-
tivity and medicine use in our sample were consistent
with previous Brazilian reports [14-16].

A Swedish study[10] including only middle-aged (35-65
years) women evaluated the association between occupa-
tional and leisure-time physical activity and medicine use.
In the crude analysis, sedentary individuals showed 39%
higher medicine use in comparison to very active women.
In our study, the equivalent percentage was 23%. How-
ever, after adjusting for self-reported health status, BMI,
age and educational level, the association between activity
levels and medicine use failed to reach significance in the
Swedish study[10]. In our analysis (Table 2), the effect of
physical activity on medicine use remained significant
after adjustment for sex, age and economic status (model
1), and after inclusion of BMI and self-reported health sta-
tus (model 2). A study in Norway[11] found no relation-
ship between leisure-time physical activity and medicine
use. The fact that our study addressed all components of
physical activity (occupational, commuting, leisure-time
and household chores), and those mentioned above eval-
uated only fractions of it, might explain the different find-
ings. If physical activity really affects medicine use, studies
focusing on the whole behavior, such as ours, may be
more likely to detect the association than those evaluating
only fractions of it.

A recall period of 15 days was used to assess medicine uti-
lization, and thus, some degree of recall bias is possi-
ble[17]. Even so, 15 days (or two weeks) is the most
frequent recall period used in the literature[11,18-21].
Among the methodological strengths of the study, the low
non-response rate (5.6%) and the similarity between the
sample and the whole city census data (data not shown)
should be noted. The measurement of the total amount
(occupational, commuting, leisure-time and household
chores) of physical activity, instead of fractions of it,
should also be highlighted.

In previous publications [18,22], we have shown that
both medicine use and lack of physical activity were
strongly associated with poor self-reported health status
in this sample. However, these two variables are differ-
ently correlated with health. While physical activity has an
important role in the prevention of unhealthy outcomes
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Table 2: Crude and adjusted prevalence ratios (PR) of medicine use in the 15 days prior to the interview according to physical activity

score. Pelotas, Brazil, 2002.

VARIABLE CRUDE ANALYSIS ADJUSTED ANALYSIS* ADJUSTED ANALYSIS**
PR (CI95%) P value PR (CI95%) P value PR (CI95%) P value
Physical activity score <0.00 | *##* 0.003*** 0.005%+*
0 minutes/week 1.23 (1.12; 1.36) 1.13 (1.04; 1.24) 1.13 (1.03; 1.23)
I-149 minutes/week 1.18 (1.06; 1.31) 1.14 (1.04; 1.26) 1.14 (1.04; 1.26)
150-999 minutes/week .11 (1.01; 1.22) 1.07 (0.98; 1.17) 1.08 (0.99; 1.18)
> 1000 minutes/week 1.00 1.00 1.00

* Adjusted for sex, age and socioeconomic level

** Adjusted for sex, age, socioeconomic level, body mass index and self-reported health status

* Wald test for trend

[1-6], medicine use is often a consequence of health sta-
tus.

The initial hypothesis of our study was that physical activ-
ity should affect medicine utilization patterns through
health status. However, our association was still signifi-
cant after adjusting for self-reported health status. There-
fore, the effect of physical activity practice on medicine
utilization is partially independent of self-reported health
status. We do not have a definitive explanation for this
finding, but some hypotheses may be presented. First,
although the association between physical activity and
medicine use was significant, one should bear in mind
that the cross-sectional design used may lead to reverse
causality bias. Therefore, the hypothesis presented in this
paper should be confirmed in prospective studies. Sec-
ond, medicine use is not determined only by pharmaco-
logical factors. There are well-known variables which
influence medicine use, related to social, anthropological,
behavioral and cultural aspects [23]. Thus, more active
individuals may have different behavioral and cultural
patterns, and be less likely to be influenced by these exter-
nal factors which increase the likelihood of medicine use.
Third, the missing impact of self-reported health status on
the association between physical activity and medicine
use, might be due to the pharmacological effect of medi-
cine use on the perception of symptoms and health.
Future studies may help understand this finding.

One should argue that the significant association
described here is consequence of residual confounding.
However, the fact that the adjusted analysis did not pro-
vide results substantially different from those obtained in
the crude one, minimizes the likelihood of residual con-
founding. Another methodological aspect to be consid-
ered is that our conclusions are not based only on crude
results; actually we have carried out two regression models
and the association was confirmed in both. In the first
model, we intended to remove the confounding effect of
demographic and socioeconomic indicators. Thereafter,

we have also adjusted for the mediating effect of BMI and
self-reported health status, which are strongly associated
both with the exposure and the outcome.

Conclusion

In summary, level of physical activity was inversely asso-
ciated with the prevalence and number of medicines used
in a population-based sample of adult Brazilians,
although prospective studies are warranted in order to
confirm temporality for this association. Therefore, it is
possible that strategies aimed at increasing population
levels of physical activity may help decrease the high rates
of medicine use observed both in low-, middle- and high-
income countries[10,11,18,19,24]. The fact that this asso-
ciation was confirmed among subjects with chronic dis-
eases highlights its importance. It means that even after
the disease is present, active individuals are less likely to
use medicines.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions

ADB coordinated the fieldwork and was responsible for
the collection of medicine utilization data. PCH also coor-
dinated the fieldwork and was responsible for the collec-
tion of physical activity data. Data analyses were
coordinated by ADB and PCH. AJB supervised all phases
of the study. All authors were responsible for writing, and
approved the final version of the manuscript.

Acknowledgements

This study was funded by the Coordenagédo de Aperfeicoamento de Pessoal
de Nivel Superior — CAPES. The funding agency had no role in the study
design, data collection, analyses, interpretation of the findings or decision
to submit the manuscript for publication.

References

. Lee IM, Paffenbarger RS), Hsieh CC: Physical activity and risk of
prostatic cancer among college alumni. Am | Epidemiol 1992,
135(2):169-179.

Page 5 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1536133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1536133

BMC Public Health 2006, 6:224

20.

21.

22.

23.

Manson JE, Nathan DM, Krolewski AS, Stampfer MJ, Willett WC,
Hennekens CH: A prospective study of exercise and incidence
of diabetes among US male physicians. Jama 1992,
268(1):63-67.

Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C,
Buchner D, Ettinger W, Heath GW, King AC, et al.: Physical activ-
ity and public health. A recommendation from the Centers
for Disease Control and Prevention and the American Col-
lege of Sports Medicine. Jama 1995, 273(5):402-407.

Thune |, Brenn T, Lund E, Gaard M: Physical activity and the risk
of breast cancer. N Engl | Med 1997, 336(18):1269-1275.

U.S. Department of Health and Human Services: Physical activity
and health: a report of the Surgeon General. Atlanta, GA, U.S.
Department of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Chronic Disease Pre-
vention and Health Promotion; 1996.

Wannamethee SG, Shaper AG, Walker M: Changes in physical
activity, mortality, and incidence of coronary heart disease
in older men. Lancet 1998, 351(9116):1603-1608.

World Health Organization: Global Strategy on Diet, Physical
Activity and Health. Geneva, World Health Organization; 2004.
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ains-
worth BE, Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P: Interna-
tional physical activity questionnaire: |2-country reliability
and validity. Med Sci Sports Exerc 2003, 35(8):1381-1395.

Neutel Cl: Drug Utilization Patterns as Indicators. Pharmacoep-
idemiol Drug Saf 1998, 7:131-133.

Bardel A, Wallander MA, Svardsudd K: Reported current use of
prescription drugs and some of its determinants among 35
to 65-year-old women in mid-Sweden: A population-based
study. | Clin Epidemiol 2000, 53(6):637-643.

Eggen AE: Pattern of drug use in a general population - preva-
lence and predicting factors: the Tromso study. Int | Epidemiol
1994, 23(6):1262-1270.

ANEP: Critério de classificacio econdmica Brasil. Associacdo
nacional de empresas de pesquisa. 1996.

Barros AJ, Hirakata VN: Alternatives for logistic regression in
cross-sectional studies: an empirical comparison of models
that directly estimate the prevalence ratio. BMC Med Res
Methodol 2003, 3(1):21.

Arrais PS, Brito LL, Barreto ML, Coelho HL: [Prevalence and
determinants of medicines consumption in Fortaleza,
Ceara, Brazil]. Cad Saude Publica 2005, 21(6):1737-1746.
Matsudo SM, Matsudo VK, Aratjo T, Andrade D, Oliveira L, Braggion
G: Physical activity level of Sdo Paulo state population: an
analysis based on gender, socio-economic status, demo-
graphics and knowledge. Rev Bras Ciénc Mov 2002, 10:41-50.
Monteiro CA, Conde WL, Matsudo SM, Matsudo VR, Bonsenor IM,
Lotufo PA: A descriptive epidemiology of leisure-time physi-
cal activity in Brazil, 1996-1997. Rev Panam Salud Publica 2003,
14(4):246-254.

Ungar W: Bias - It's everywhere! A commentary on the
impact of bias and the assessment of agreement in the meas-
urement of medication use in epidemiology research. Phar-
macoepidemiology and drug safety 1998, 7:425-427.

Bertoldi AD, Barros AJ, Hallal PC, Lima RC: [Drug utilization in
adults: prevalence and individuals determinants]. Rev Saude
Publica 2004, 38(2):228-238.

Sans S, Paluzie G, Puig T, Balaiid L, Balaguer-Vintré I: Prevalencia del
consumo de medicamentos en la poblacion adulta de Cat-
alufia. Gac Sanit 2002, 16(2):121-130.

Furu K, Straume B, Thelle DS: Legal drug use in a general popu-
lation: association with gender, morbidity, health care utili-
zation, and lifestyle characteristics. | Clin Epidemiol 1997,
50(3):341-349.

Tobi H, Meijer WM, Tuinstra J, de Jong-van den Berg LT: Socio-eco-
nomic differences in prescription and OTC drug use in Dutch
adolescents. Pharm World Sci 2003, 25(5):203-206.

Hallal PC, Victora CG, Wells JC, Lima RC: Physical inactivity:
prevalence and associated variables in Brazilian adults. Med
Sci Sports Exerc 2003, 35(11):1894-1900.

Lefevre F: [The supply and demand of instant health by means
of drugs: proposal of a research field]. Rev Saude Publica 1987,
21(1):64-67.

http://www.biomedcentral.com/1471-2458/6/224

24. Abahussain E, Matowe LK, Nicholls P): Self-reported medication
use among adolescents in Kuwait. Med Princ Pract 2005,
14(3):161-164.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2458/6/224/pre
pub

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1608115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1608115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7823386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7823386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7823386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9113929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9113929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12900694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12900694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12900694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15073739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7721530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7721530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14567763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14567763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14567763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16410858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16410858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16410858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14662075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14662075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15122379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15122379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11958748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11958748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11958748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9120535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9120535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9120535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14584226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14584226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14584226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14600556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14600556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2447631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2447631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15863989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15863989
http://www.biomedcentral.com/1471-2458/6/224/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

