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Abstract

Background: Diabetes mellitus has become a major health issue in the United States and
contributes to morbidity and mortality from coronary artery disease. Despite lifestyle changes and
medications that have been shown to decrease complications and death, many persons have poor
glycemic control. The purpose of this study is to determine the prevalence of elevated Hemoglobin
Alc levels, a marker of glycemic control in patients presenting for coronary artery bypass surgery,
and to determine if risk factors for diabetes mellitus could identify those patients with an elevated

hemoglobin Alc.

Methods: All patients undergoing coronary artery bypass surgery had hemoglobin Alc levels
determined immediately preoperatively. Proportions were used to describe the number of patients
with elevated levels. Linear regression and receiver operator characteristic curves were used to

evaluate the accuracy of risk factors to identify patients with elevated levels.

Results: 83 of 87 (95%) diabetic patients had elevated Alc levels (> 6.0%), with 55 of 87 (63%)
having inadequate control — Alc levels > 7.0. 93 of 163 (57%) non-diabetic patients had elevated
Alc levels (= 6.0%), with 19 (12%) having levels > 7.0%. Risk factors for diabetes mellitus poorly

predicted which patient had elevated Alc levels.

Conclusion: The prevalence of elevated hemoglobin levels in patients undergoing coronary artery
bypass surgery is high and routine measurement should be done to permit institution of lifestyle
modifications and medication changes that decrease complications and death from diabetes

mellitus.

Background issue [1]. Nearly 21 million Americans - 7% of the popu-
The prevalence of diabetes mellitus(DM) is increasing in  lation - have DM, including over 6 million who are undi-
the United Sates and has become a major public health  agnosed [1]. Additionally, there are 41 million Americans
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with pre-diabetes [2]. DM is a risk factor for coronary
artery disease and its presence portends a worse outcome
- both short and long term - in patients undergoing cor-
onary artery bypass surgery [3,4]. Following recent studies
that have shown the benefits of tight glycemic control in
both diabetic and non-diabetic patients [5,6], we insti-
tuted protocols designed for tight glycemic control in
both the intensive care unit and the stepdown unit. We
noticed, however, that some patients without any history
of DM were still requiring antiglycemic therapy upon dis-
charge and that other patients with a history of DM
remained poorly controlled despite resumption of their
usual antiglycemic medicines and eating a hospital pro-
vided diabetic diet. To better help us provide for patients'
post-discharge care, we began to routinely check hemo-
globin Alc (HbAlc). HbAlc is the glycosolated form of
hemoglobin and its level is proportional to the average
glucose level over the past 2-3 months [7]. While not rec-
ommended for the diagnosis of DM [8], specific HbAlc
levels are recommended as treatment goals by national
organizations [9,10] and we used these levels in guiding
post-discharge therapy and instructions. The purpose of
this study was to determine the prevalence of elevated
HbA1c in the diabetic and non-diabetic subcohorts of a
cardiac surgery population and to determine if age,
height, weight, and body mass index - standard risk fac-
tors for DM could be used to predict elevated HbA1c lev-
els.

Methods

This retrospective study was approved on August 30, 2007
by the St. Vincent Mercy Medical Center Review Board,
which waived informed consent. HbA1lc levels had been
drawn immediately prior to surgery in all patients under-
going cardiac surgery as part of their routine care and the
results included in our computerized database. Data are
presented as histograms, proportions, and means # stand-
ard deviation and analyzed with student t test and Chi
square test. We separately used linear regression on
patients with and without DM to predict HbAlc levels
based on age, height, weight, and body mass index. Then
we used receiver operator characteristic curves to measure
the predictive accuracy of the two linear regressions. The
results are given as area under the receiver operator char-
acteristic curve (c-statistic + standard error). SPSS 13.0
(SPSS, Inc., Chicago, IL) was used for data analysis. The
power analysis was based on determining the 95% confi-
dence interval for the point estimate within 5% of the true
proportion of patients with elevated HbA1c - defined as >
6.0% - assuming the true proportion was 0.2. This
required 250 patients [11].

Results
Data were collected from 250 consecutive patients under-
going CABG (January 2007 - July 2007) in whom preop-
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erative HbAlc was measured. Of these patients, 212
underwent isolated CABG surgery and the other 38 CABG
combined with carotid, valve, or aortic surgery. The pro-
portion of patients with DM was similar in the two
groups. Patients were 65 + 11 years of age, weighed 88 +
20 kg, were 172 + 20 cm tall, and had body mass index
(BMI) 30 + 6. One hundred seventy seven (71%) of the
patients were male and 87 (35%) patients had diabetes
mellitus — 13 were receiving insulin at home, 59 oral
hypoglycemic agents, 5 both, and 10 neither.

The distribution of HbA1c values are shown for the dia-
betics and non-diabetics in Figure 1. Diabetic patients had
higher levels (8.0 + 2.0% v. 6.2 + 0.9%, p < .001) than
non-diabetic patients. Sixty four percent (95% confidence
interval = 58-72%) of the patients had Alc > 6.0%. Only
four (5%) of the diabetic patients had HbA1c in the nor-
mal range (HbAlc < 6.0%) and another 28 (32%) had
HbA1lc levels that met the ADA goal of < 7.0%. The
remaining 55 (63%) had unacceptably high levels, with
12 (14%) having levels > 10%. Over half (n = 93, 57%) of
the patients without a history of diabetes mellitus had ele-
vated HbAlc > 6.0% with 19 (12%) of them having
HbA1c > 7.0%. In patients with DM, the standard risk fac-
tors of age, height, weight, and body mass index poorly
predicted elevated HbAlc: c-statistic = .639 + .064, p =
.027 for HbA1lc > 7.0% and c-statistic = .470 + .204, p =
.839 for HbA1c > 6.0%. In non-diabetic patients, results
were c-statistic = .742 + .048, p < .001 for HbAlc > 7.0%
and c-statistic = .615 + .045, p = .013 for HbAlc > 6.0%.

Discussion

We found that many patients with a history of diabetes
mellitus undergoing CABG had elevated HbAlc levels
suggesting poor glycemic control. Additionally, we found
that over half of the non-diabetic patients undergoing
CABG had elevated HbA1c levels suggestive of prediabetes
or diabetes mellitus. Standard risk factors of age, height,
weight, and body mass index were inadequate predictors
of elevated HbAlc and should not be used instead of
HbA1c as a screening test in CABG patients.

One previous study has evaluated Alc levels in diabetic
patients undergoing CABG. Cohen et al. found that Alc
levels were 7.03 + 1.50% and were associated with
increased risk of complications in an Israeli population
[4]. They did not evaluate non-diabetic patients. We
found higher Alc levels (8.0 + 2.0%) in our diabetic pop-
ulation. Further study is needed to determine the reasons
for the poorer control in Ohio patients than in Israeli
patients. A study in non-diabetic patients undergoing per-
cutaneous coronary interventions (PCI) found a 30%
prevalence of elevated (> 6.0%) Alc levels and another
3% had Alc levels > 7.0% and that levels > 6.% were
related to a worse 12 month outcome [12]. Our higher
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Histogram showing the distribution of hemoglobin Alc levels in patients with and without diabetes mellitus
undergoing CABG surgery. The dashed curve (patients without diabetes mellitus) and solid curve (patients with diabetes
mellitus) show the expected normal distribution for these populations.

rate (57% > 6.0% and 12% > 7.0%)of abnormal Alc lev-
els may indicate more extensive disease that would neces-
sitate CABG instead of PCI. Kowalska et al. found that Alc
levels were positively associated with number of diseased
vessels [13].

DM is associated with organ damage to the nerves, eyes,
kidneys, blood vessels, and heart leading to morbidity,
decreased quality of life, and increased mortality [9].
While a prospective, randomized trial of tight glycemic
control in patients with type 1 DM has shown a 57% risk
reduction in cardiovascular events over a mean followup
of 17 years [14], long-term prospective studies evaluating
tight control in type Il DM have not shown such impres-
sive results. However, the UK Prospective Diabetes Study
Group has shown that intensive control with antiglycemic
agents compared to conventional therapy is associated
with a lowering of myocardial infarction risk that is of
"borderline significance" of 14% and that the use of met-
formin is associated with a lower risk of death in over-
weight diabetic patients [15,16]. Improved glycemic

control regardless of method was associated with a low-
ered risk of myocardial infarction [17]. A recent meta-
analysis found that each 1% lowering of HBA1c was asso-
ciated with a 18% reduction in relative risk of developing
cardiovascular disease [18].

In a nationwide survey only half of patients with DM met
American Diabetes Association clinical practice recom-
mendation of HbAlc < 7% and 30% had HbAlc > 8%
[19]. Studies have shown that lifestyle modification, such
as weight loss, dietary changes, and exercise decease the
likelihood of developing DM [20,21]. Although cardiac
surgery is a major life stressor it is also an opportunity for
health care professionals to intervene and educate
patients and to institute therapy for secondary prevention
of disease. Smoking cessation and low-fat diets are com-
mon lifestyle interventions in patients undergoing cardiac
surgery. Antihypertensives, lipid lowering drugs, such as
statins, and aspirin are commonly started or adjusted for
better control in patients who have undergone CABG.
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While the association with glucose intolerance and coro-
nary artery disease is well described [22], our study is the
first to show the high prevalence in patients undergoing
CABG of undiagnosed prediabetes or diabetes mellitus
and poorly controlled glycemia in patients with known
diabetes mellitus. Given the benefits that may be achieved
by tighter glycemic control [15-18,20,21], screening of all
patients undergoing CABG is recommended. Studies are
needed to determine if CABG surgery should be delayed
to lower the Alc level and to determine the level to which
it should be lowered.

While not all patients with elevated HbA1c have DM - the
diagnosis should be made on the basis of fasting glucose
levels and glucose tolerance test, they are all, at least, at
increased risk for developing DM. At the minimum, we
recommend lifestyle changes of weight loss, diet changes,
and exercise. All patients with elevated HbA1c should fol-
lowup with their primary care physician or endocrinolo-
gist for further diagnostic evaluation. For patients still
requiring insulin to control hyperglycemia at time of hos-
pital discharge, we recommend discharge with an appro-
priate individualized antihyperglycemic medicine.
Diabetic patients with an elevated HbAlc are also given
similar counseling and adjustments made, if necessary, in
their usual diabetic medications.

The limitation of this study is that it was conducted at one
hospital, which may limit its generalizabilty. Patients in
other areas of the country may have different prevalences
of DM and risk factors for DM and this study needs to be
validated in other geographical regions. The prevalence of
DM in Ohio, 7.5%, is similar to the prevalence (7.3%) in
the United States, which suggests that our findings of ele-
vated HbA1c in 57% of nondiabetic patients undergoing
CABG would hold true elsewhere in the United States
[23].

In conclusion, we found that 57% of non-diabetic
patients undergoing CABG had elevated HbAlc. Addi-
tionally, 96% of diabetic patients undergoing CABG had
elevated HbAlc. These high prevalences of elevated
HbA1lc suggest routine evaluation in all adult patients
undergoing CABG in order to institute lifestyle and medi-
cation changes that improve glycemic control.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

ME conceived the study. ME, AZ, TS, CR, SD, AS partici-
pated in data collection. ME, RH drafted the manuscript.
All authors revised it critically for important intellectual
content and have given final approval of the version to be
published.

http://www.cardiothoracicsurgery.org/content/3/1/63

Acknowledgements
This study was supported by departmental and institutional funds.

References

I.  Centers for Disease Control and Prevention: National diabetes
fact sheet: general information and national estimates on
diabetes | the United States, 2005. 2005 [http://www.cdc.gov/
diabetes/pubs/pdfindfs 2005.pdf]. Atlanta: US Department of Health
and Human Services, Centers for Disease Control and Prevention

2. Bloomgarden ZT: Developments in diabetes and insulin resist-
ance. Diabetes Care 2006, 29:161-7.

3. Thourani VH, Weintraub WS, Stein B, Gebhart SS, Craver M, Jones
EL, Guyton RA: Influence of diabetes mellitus on early and late
outcome after coronary artery bypass grafting. Ann Thorac
Surg 1999, 67:1045-52.

4.  Cohen O, Dankner R, Chetrit A, Luxenburg O, Langenauer C, Shin-
feld A, Smolinsky AK: Multidisciplinary intervention for control
of diabetes in patients undergoing coronary artery bypass
graft (CABG). Cardiovasc Surg 2003, 11:195-200.

5. Berghe G van den, Wouters P, Weekers F, Verwaest C, Bruyninckx
F, Schetz M, Vlasselaers D, Ferdinande P, Lauwers P, Bouillon R:
Intensive insulin therapy in critically ill patients. New Engl |
Med 2001, 345:1359-67.

6.  Zerr KJ, Furnay AP, Grunkemeier GL, Bookin S, Kanhere V, Starr A:
Glucose control lowers the risk of wound infection in diabet-
ics after open heart operations. Ann Thorac Surg 1997,
63:356-61.

7.  Rohlfing CL, Wiedmeyer HM, Little RR, England JD, Tennill A, Gold-
stein DE: Defining the relationship between plasma glucose
and HbA  : analysis of glucose profiles and HbA,_in the Dia-
betes Control and Complications Trial. Diabetes Care 2002,
25:275-8.

8.  American Diabetes Association: Diagnosis and Classification of
Diabetes Mellitus (position statement). Diabetes Care 2007,
30:542-7.

9.  American Diabetes Association: Standards of Medical Care in
Diabetes — 2007 (position statement). Diabetes Care 2007,
30:54-541.

10.  American College of Endocrinology: ACE consensus statement
on guidelines for glycemic control. Endocr Pract 2002, 8:5-11.

1. Walpole RE, Myers RH: Probability and statistics for engineers and scien-
tists New York: Macmillan Publishing Co; 1972:203.

12.  Corpus RA, O'Neill WW, Dixon SR, Timmis GC, Devlin WH: Rela-
tion of hemoglobin Alc to rate of major adverse cardiac
events in nondiabetic patients undergoing percutaneous cor-
onary revascularization. Am | Cardiol 2003, 92:1282-1286.

13.  Kowalska |, Prokop J, Bachorzewska-Gajewska H, Telejko B, Kinalskal
I, Kochman W, Musial W: Disturbances of glucose metabolism
in men referred for coronary arteriography. Postload glyc-
emia as a predictor for coronary atherosclerosis. Diabetes
Care 2001, 24:897-901.

14.  Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard
TJ, Raskin P, Zinman B, Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications (DCCT/
EDIC) Study Research Group: Intensive diabetes treatment and
cardiovascular disease in patients with type | diabetes. N Engl
J Med 2005, 353:2643-53.

15. UK Prospective Diabetes Study (UKPDS) Group: Intensive blood-
glucose control with sulphonylureas or insulin with conven-
tional treatment and risk of complications in patients with
type 2 diabetes. Lancet 1998, 352:837-53.

16. UK Prospective Diabetes Study (UKPDS) Group: Effect of inten-
sive blood-glucose control with metformin on complications
in overweight patients with type 2 diabetes (UKPDS 34). Lan-
cet 1998, 352:854-65.

17.  Stratton IM, Adler Al, Neil HA, Matthews DR, Manley SE, Cull CA,
Hadden D, Turner RC, Holman RR: Association of glycaemia
with macrovascular and microvascular complications of type
2 diabetes (UKPDS 35): prospective observational study.
BMJ 2000, 321:405-12.

18. Selvin E, Marinopoulos S, Berkenblit G, Rami T, Brancati FL, Powe
NR, Golden SH: Meta-analysis: glycosylated hemoglobin and
cardiovascular disease in diabetes mellitus. Ann Intern Med
141:421-31.

Page 4 of 5

(page number not for citation purposes)


http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2005.pdf
http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2005.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16373919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16373919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10320249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10320249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12704328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12704328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12704328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11794168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11794168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9033300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9033300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9033300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11815495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11815495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11939753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11939753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16371630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16371630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10938048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10938048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15381515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15381515

Journal of Cardiothoracic Surgery 2008, 3:63

20.

21.

22.

23.

Resnick HE, Foster GL, Bardsley ], Ratner RE: Achievement of
American Diabetes Association clinical practice recommen-
dations among U.S. adults with diabetes, 1999-2002: The
national Health and Nutrition Examination Survey. Diabetes
Care 2006, 29:531-37.

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM,
Walker EA, Nathan DM, Diabetes Prevention Program Research
Group: Reduction in the incidence of type 2 diabetes with life-
style intervention or metformin. N Engl | Med 2002,
346:393-403.

Tuomilehto ], Lindstréom J, Eriksson JG, Valle TT, Himaldinen H,
llanne-Parikka P, Keindnen-Kiukaanniemi S, Laakso M, Louheranta A,
Rastas M, Salminen V, Uusitupa M, Finnish Diabetes Prevention Study
Group: Prevention of type 2 diabetes mellitus by changes in
lifestyle among subjects with impaired glucose tolerance. N
Engl | Med 2001, 344:1343-50.

Salel AF, Fong A, Zelis BS, Miller RR, Borhani NO, Mason DT: Accu-
racy of numerical coronary profile. Correlation of risk fac-
tors with arteriographically documented severity of
atherosclerosis. N Engl | Med 1977, 296:1447-50.

Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS,
Marks JS: Prevalence of obesity, diabetes, and obesity-related
health risk factors. JAMA 2001, 289:76-9.

http://www.cardiothoracicsurgery.org/content/3/1/63

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
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 5 of 5

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16505501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16505501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16505501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11333990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11333990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=865514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=865514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=865514
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
	Competing interests
	Authors' contributions
	Acknowledgements
	References

