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Abstract
Background: The simultaneous occurrence of cardiovascular disease (CVD), kidney disease, and
anaemia is associated with increased morbidity and mortality. In the community setting, little data
exists about the risk associated with milder levels of anaemia when it is present concurrently with
CVD and chronic kidney disease (CKD). The aim of this study was to establish the prevalence of
CKD and anaemia in patients with CVD in the community and to examine whether the presence
of anaemia was associated with increased morbidity and mortality.

Methods: This study was designed as a retrospective cohort study and involved a random sample
of 35 general practices in the West of Ireland. A practice-based sample of 1,609 patients with
established cardiovascular disease was generated in 2000/2001 and followed for five years. The
primary endpoint was death from any cause. Statistical analysis involved using one-way ANOVA
and Chi-squared tests for baseline data and Cox proportional-hazards models for mortality data.

Results: Of the study sample of 617 patients with blood results, 33% (n = 203) had CKD while 6%
(n = 37) had CKD and anaemia. The estimated risk of death from any cause, when compared to
patients with cardiovascular disease only, was almost double (HR = 1.98, 95% CI 0.99 to 3.98) for
patients with both CVD and CKD and was over 4 times greater (HR = 4.33, 95% CI 1.76 to 10.68)
for patients with CVD, CKD and anaemia.

Conclusion: In patients with cardiovascular disease in the community, chronic kidney disease and
anaemia occur commonly. The presence of chronic kidney disease carries an increased mortality
risk which increases in an additive way with the addition of anaemia. These results suggest that early
primary care diagnosis and management of this high risk group may be worthwhile.
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Background
Chronic kidney disease (CKD) and cardiovascular disease
(CVD) often coexist and have been known to exert a bidi-
rectional effect on one another [1-4]. CKD is an estab-
lished risk factor for the development of CVD and in
patients with established cardiovascular disease, chronic
kidney disease is associated with a significantly increased
risk of cardiovascular mortality and morbidity [5-9]. The
suspected etiologic pathways behind the cardio-renal
interaction involve positive feedback loops between "car-
diorenal connectors" including (but not limited to) sym-
pathetic stimulation, the renin-angiotensin-aldosterone
system and cytokines [10]. Anaemia, a condition fre-
quently encountered in chronic disease, is an additional
mediator in the progression of either CKD and/or CVD
and it is also an independent risk factor for the onset of
cardiovascular complications [11]. The prevalence of
anaemia has been reported to occur in up to 50% of CKD
patients [12] and 51% of heart failure patients [13]
though results will vary depending on the setting, classifi-
cation of anaemia and severity of disease. The interrela-
tions between CKD, CVD, and anaemia are complex,
poorly understood, and are referred to in the literature as
the cardiorenal anaemia syndrome [14]. Each morbidity
of the cardiorenal anaemia syndrome is said to independ-
ently exert an effect by causing or worsening the other
mediators of the triad increasing the risk of adverse out-
comes including death [1,2].

Though the three bi-directional relationships between
CKD, anaemia and heart failure have been established,
the majority of this research has focused on the hospital-
ized population and in patients with recognized conges-
tive heart failure. While evidence for patients with
advanced CKD participating in renal replacement therapy
programs is quite robust, there appears to be little evi-
dence in the community population regarding the relative
and cumulative effect on prognosis of cardiovascular dis-
ease, chronic kidney disease and anaemia. Descriptions of
prognosis derived from secondary care may be mislead-
ing, due to selection biases, when managing patients in
primary care [13]. Others have previously shown that
patients entered into hospital-based trials of blood pres-
sure control after stroke have important age, gender and
blood pressure differences to patients managed in the
community after their stroke [15].

We utilised a cohort of patients, with the full spectrum of
cardiovascular disease, from a random sample of practices
in the community to establish the prevalence of CKD and
anaemia and to examine whether the presence of CKD
and anaemia was associated with increased mortality in
patients with cardiovascular disease.

Methods
Study population and measurement of renal function
The study sample consisted of a cohort of 1,609 patients
with cardiovascular disease who were identified from a
stratified random sample of 35 general practices in the
West of Ireland [16]. In order to generate this sample,
practices were randomly selected, after stratification by
practice type (single-handed or group) and location (rural
or urban), from the Health Services Executive Western
area and asked to participate in the study. Thirty five
(60%) practices chose to do so and these practices were
asked to generate a list of all their patients with estab-
lished cardiovascular disease using multiple methods
including practice disease registers, patient database
searches, prescribing records, prospective recording of
patient attendance and opportunistic practitioner recall.
Patients were defined as having cardiovascular disease if
they had a history of myocardial infarction (MI); angina;
or revascularisation by percutaneous coronary interven-
tion or cardiovascular bypass grafting. Patients were
included in the current study where data were available on
haemoglobin and creatinine status (serum sample meas-
urement from the regional laboratory within the study
period or up to 12 months prior to recruitment). Follow-
up data on the cohort were collected after a period of five
years and patients not experiencing events were censored
at this point. Data on subjects were also censored where
follow-up data ceased to be available. Renal function was
assessed using estimated glomerular filtration rate (eGFR)
calculated by the abbreviated Modified Diet in Renal Dis-
ease (MDRD) equation [17]. Patients were defined as hav-
ing chronic kidney disease if they had an eGFR of <60 ml/
min/1.73 m2 according to National Kidney Foundation
guidelines [18]. Anaemia status was assessed using full
blood count data. Patients were define, according to
WHO guideline, as having anaemia with a haemoglobin
of <12.0 g/dl for females and <13.0 g/dl for males [19].

Outcomes
The primary endpoint was death from any cause. Mortal-
ity data were collected from a search of practice records
and the General Register Office, which is the central civil
repository for records relating to Births, Marriages and
Deaths in the Republic of Ireland.

Statistical Analysis
For analysis of baseline characteristics and survival analy-
sis, patients were classified according to presence of
chronic kidney disease and anaemia. Baseline characteris-
tics were analysed with the use of one-way ANOVA for
continuous variables and Chi-square or Fisher's Exact test
for categorical variables. Patient variables included 18
baseline characteristics (Table 1). To control for the large
number of covariates, variable selection techniques were
used to identify the most parsimonious model containing
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significant explanatory variables while including the cov-
ariate of interest (presence of chronic kidney disease and
anaemia). Cox proportional-hazards models [Backwards
elimination (with Wald criterion)] were used to evaluate
the prognostic effect of presence of chronic kidney disease
and anaemia over the study period while controlling for
all explanatory variables. Adjusted hazard ratios, catego-

rized according to level of multimorbidity, for death from
any cause were determined while adjusting for: age, gen-
der, GMS status, smoking status, systolic blood pressure,
diastolic blood pressure, total cholesterol level, previous
myocardial infarction, angina, heart failure, stroke,
peripheral vascular disease, thromboembolic events, prior
percutaneous coronary intervention, prior coronary artery

Table 1: Baseline characteristics of 617 patients with cardiovascular disease according to level of cardiovascular multimorbidity

Characteristic CVD only
(n = 339)

CVD & CKD
(n = 203)

CVD & Anaemia
(n = 38)

CVD & CKD & Anaemia
(n = 37)

p value*

Mean eGFR (ml/min/1.73 m2) (SD) 74.47 (13.4) 51.18 (10.3) 72.08 (11.6) 45.81 (14.5) <0.01

Mean Hb (g/dL) (SD) 14.50 (1.11) 13.95 (1.14) 11.13 (1.57) 11.05 (1.53) <0.01

Mean Age in years (SD) 64.49 (8.9) 69.74 (7.48) 66.90 (9.62) 72.64 (4.99) <0.01

Female sex (%) 27.4 60.3 39.5 63.1 <0.01

Current Smoker (%) 30.4 24.8 40.0 30.8 0.676

Previous CVD event (%)

MI 46.6 41.1 44.7 55.3 0.361

Angina 83.7 88.7 86.8 81.6 0.379

Heart Failure 8.0 11.8 7.9 10.5 0.502

Previous Co-morbidity (%)

Peripheral vascular disease 5.0 7.8 5.3 10.5 0.347

Stroke 4.4 5.9 2.6 0.0 0.481

Thromboembolism(PE, DVT, TIA) 10.3 18.1 2.6 10.5 0.012

Baseline Clinical status (SD)

Systolic blood pressure (mm Hg) 137.2 (17.7) 138.8 (19.8) 133.8 (15.5) 139.6 (21.3) 0.418

Diastolic blood pressure (mm Hg) 80.6 (9.3) 79.9 (8.7) 77.2 (10.0) 81.2 (8.4) 0.172

Total Cholesterol (mmol/L) 5.3 (0.97) 5.4 (1.0) 4.9 (0.9) 5.5 (1.4) 0.031

Baseline medication (%)

Aspirin 75.4 67.5 71.0 81.6 0.131

B-Blocker 51.0 46.3 55.3 34.2 0.170

Lipid-lowering agent 50.7 50.7 36.8 28.9 0.029

ACE Inhibitor 25.2 25.1 26.3 31.6 0.854

*p value refers to the one-way ANOVA and Chi-squared analyses comparing the 4 groups
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bypass grafting, use of aspirin, B-Blocker, Lipid-lowering
agent or ACE inhibitor. The assumptions underlying the
final models were checked using suitable residual plots
and interactions between presence of chronic kidney dis-
ease and anaemia and age and gender were investigated.
All statistical test values were two-sided, and a p value of
less than 0.05 was considered to indicate statistical signif-
icance. Analysis was carried out using SPSS (15.0) and R
statistical software.

Results
Baseline Characteristics
Among the original 1,609 patients in the study, 42 (2.6%)
patients were lost to follow-up and 617 (38%) had com-
plete blood data. Median follow-up was 4.50 years (SD
0.4) and there was no significant difference in age, gender,
social status, smoking status, diabetic status and previous
cardiovascular morbidity between those patients with,
and without, complete blood data. Table 1 describes the
baseline characteristics of the patients according to pres-
ence of chronic kidney disease and anaemia. A total of
339 (54.9%) patients had cardiovascular disease only;
203 (32.9%) had cardiovascular disease and chronic kid-
ney disease; 38 (6.1%) patients had cardiovascular disease
and anaemia while 37 (6.0%) patients had cardiovascular
disease, chronic kidney disease and anaemia. Patients
with multimorbidity involving all three conditions were
significantly older, more likely to be female, have the low-
est mean eGFR and haemoglobin (Hb) levels, the highest
total cholesterol levels and were least likely to be taking a
lipid lowering agent when compared with the other
patient groups with fewer co-morbidities.

Outcomes
During follow-up there were 72 deaths and 90 cardiovas-
cular events. The risk of death from any cause [Log Rank

(Mantel-Cox) 22.08, p < 0.001] was significantly
increased in those patients with increased level of multi-
morbidity (Table 2, Figure 1). In the examination of the
relationship between the primary outcome and presence
of chronic kidney disease and anaemia, patients with car-
diovascular disease only ['CVD only'] were used as the ref-
erence group. The adjusted hazard ratios (HR) for
mortality according to presence of chronic kidney disease
and anaemia are displayed in Table 3. The estimated risk
of death from any cause, when compared to patients with
cardiovascular disease only, was almost double (HR =
1.98, 95% CI 0.99 to 3.98) for patients with both cardio-
vascular disease and chronic kidney disease and was over
4 times greater (HR = 4.33, 95% CI 1.76 to 10.68) for
patients with cardiovascular disease, chronic kidney dis-
ease and anaemia. No significant two-way interactions
were identified between multimorbidity and other factors
in the model when considering death by any cause.

Discussion
Summary of main findings
Multimorbidity is common in patients with cardiovascu-
lar disease in the community with 45% of patients also
having chronic kidney disease, anaemia or both. Anaemia
was relatively mild in this group with a mean haemo-
globin of 10.90 g/dl (SD = 1.24) for women and a mean
haemoglobin of 11.28 g/dl (SD = 1.80) for men. How-
ever, the presence of even mild anaemia with CKD was
associated with a synergistic amplification of the risk of
death. Patients with all three comorbidities had a greater
than 4 times increased risk of death when compared with
patients with CVD only.

Strengths and limitations of this study
This study describes the prevalence of CKD and anaemia
in a nationally representative community based cohort of

Table 2: Kaplan-Meier summary statistics for risk of deatha according to presence of CKD and anaemia Case Processing Summary

CKD Anaemia Multimorbidity Total N N of Events Censored

N Percent N Percent

No CKD or Anaemia 339 25% 314 92.6%
CKD 203 28% 175 86.2%
Anaemia 38 8% 30 78.9%
CKD + Anaemia 37 11% 26 70.3%
Overall 617 72% 545 88.3%

Overall Comparisons

Chi-Square df Sig.

Log Rank (Mantel-Cox) 22.083 3 .000

Test of equality of survival distributions for the different levels of CKD Anaemia Multimorbidity.
aRisk of "death from any cause"
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patients with cardiovascular disease. To our knowledge,
this is the first description of the comparative risks associ-
ated with anaemia and chronic kidney disease in a pri-
mary care population with established cardiovascular
disease. The cohort comprised the complete cardiovascu-
lar population of a randomly selected sample of practices
and despite the difficulties of detailed data collection in
primary care very few patients were lost to follow-up
(2.6%). However, our study had a number of limitations.
Firstly, the cohort was not formed as a de novo popula-
tion with multimorbidity but rather a cardiovascular pop-
ulation in which multimorbidity was then identified.
Secondly, although level of multimorbidity appears to
discriminate prognosis between patients with established
cardiovascular disease, it is difficult to identify the differ-
ent elements of this association as much of chronic kidney
disease and anaemia may have their origin in cardiovascu-
lar disease. Thirdly, the study sample was overwhelmingly
Caucasian and the prevalence of chronic kidney disease in
this study may underestimate the prevalence in other eth-
nic groups. Fourthly, the sample sizes of the patient
groups with anaemia were small (n = 38 and n = 37) in
comparison to the other patient groups used in this study.
Finally, lack of availability of serum creatinine and full
blood count data in the community setting excluded
some patients from the study and shortened follow-up in
others. This reflects the limitation in data-availability
which can hamper chronic disease management and
indeed research within primary care generally.

Comparison with existing literature
Population surveys suggest that 30% of adults suffer from
more than one chronic health problem [20]. In the US,

the prevalence of multimorbidity is estimated at 65% in
those over 65 years of age [21]. There is a large discrepancy
between the prevalence of multimorbidity in the popula-
tion and the number of research studies devoted to it,
especially in primary care [22]. The one year mortality of
elderly patients with moderate chronic kidney disease
(serum creatinine 220-343 μmol/L) after myocardial inf-
arction is nearly tripled compared to those with normal
renal function (66% vs. 24%) [23]. Similarly, survival is
noticeably reduced in patients with anaemia both 1
month [24] and 1 year [25] after myocardial infarction.
The current study confirms that in patients with CVD both
CKD and anaemia have an additive effect in increasing
risk of death.

The current data are consistent with what has been dem-
onstrated elsewhere in patients with chronic kidney dis-
ease -- that anaemia is strongly associated with both
cardiovascular disease [26,27] and adverse clinical out-
comes including mortality [28-30]. The cumulative effect
of multimorbidity in CVD and CKD has also been dem-
onstrated with diabetic patients [16] and it is suspected
that diabetes would play a further additive role on nega-
tive clinical outcomes in patients with highest levels of
comorbidity.

Implications for future research and clinical practice
The absence of national or indeed international guide-
lines for the management of patients with multimorbidity
highlights the gulf which exists between the complexity of
disease and the reductionism inherent in disease-specific
guideline development. Specific to the comorbidities
involved in this study, some authors of cardiorenal anae-
mia syndrome literature hypothesize that the pathophys-
iological processes may differ between anaemia and CKD
when compared with anaemia and heart failure [10].
These differences may account for discrepancies that have
been shown in the results from large multi-centre rand-
omized trials and smaller trials of anaemia correction
therapy. Many of the larger trials with CKD patients dem-
onstrated no improvement with anaemia correction ther-
apy [31-33], whereas smaller studies were able to
demonstrate that anaemia correction improved NYHA
class and renal function in patients with heart failure
[34,35]. It is also clear that recent studies involving
patients with CKD [3,33] or cancer with anaemia have
raised concerns about potential harm from aggressive
anaemia correction. There are currently two large ongoing
trials that are attempting to resolve the divergence in the
results of anaemia therapy in CKD and patients with heart
failure [36,37]. There is a great deal of uncertainty that
exists surrounding the management of anaemia in
patients with both chronic kidney disease and cardiovas-
cular disease. Although targets for haemoglobin levels in
patients with CKD have been confirmed [38,39] anaemia

Table 3: aAdjusted hazard ratios for death endpoint among 
patients according to presence of anaemia and CKD

Classification Death from any cause

exp( )((95% C.I.)

CVD only 1.00

CVD + CKD .685 1.985 (0.990,3.980)

CVD + Anaemia .857 2.356 (0.780,7.114)

CVD + CKD + Anaemia 1.467 4.334 (1.759,10.681)

Total number of patients = 617.
aThe Cox proportional hazards model used in the above analysis 
adjusted for the following covariates: age, gender, GMS status, 
smoking status, systolic blood pressure, diastolic blood pressure, total 
cholesterol level, previous myocardial infarction, angina, heart failure, 
stroke, peripheral vascular disease, thromboembolic events, prior 
percutaneous coronary intervention, prior coronary artery bypass 
grafting, use of aspirin, B-Blocker, Lipid-lowering agent or ACE 
inhibitor.

β̂ β̂
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correction therapy may not be commonly practiced in
light of discrepancies between the results discussed above.
It may be due to the uncertainty of target haemoglobin
levels in multimorbidity patients that anaemia diagnosis
and treatment is surprisingly low in CKD patients [40]. It
is also possible that primary care physicians are prioritiz-
ing treatment of CVD over CKD and anaemia in this pop-
ulation [41]. Patients with these co-morbidities may also
suffer from late referral to secondary care [42]. We have
demonstrated that even milder levels of anaemia may be
associated with negative health outcomes in patients with
CKD and/or CVD.

Conclusion
In patients with cardiovascular disease, the presence of
chronic kidney disease carries an increased mortality risk
which increases in an additive way with the addition of
anaemia. These results suggest that early primary care
diagnosis and management of this high risk group may be
worthwhile. In order to develop effective management
strategies, however, innovative approaches to the study of

this population are required and due to the diversity of
patients and medical conditions encountered, primary
care offers an ideal setting for this to take place.

Ethical Approval
Ethical approval was granted by the research ethics com-
mittee of the Irish College of General Practitioners (Proto-
col No: REC0904-4).

Competing interests
AWM has received funding from Pfizer to support educa-
tional meetings for general practitioners who teach medi-
cal students from the Department of General Practice at
NUI, Galway. LG and DR have received an honorarium
from Roche laboratories for contribution to the develop-
ment of CKD guidelines for primary care. JA and JN
declare no conflict of interest.

Authors' contributions
JA, LG (guarantor), DR, AWM, and JN contributed to
study conception and design. LG was responsible for the

Kaplan-Meier survival plots for risk of death in patients with cardiovascular diseaseFigure 1
Kaplan-Meier survival plots for risk of death in patients with cardiovascular disease. (see attached file). Kaplan-
Meier survival plot for risk of "death from any cause" in patients with cardiovascular disease in the community. Results are 
shown according to presence of CKD and/or anaemia.



BMC Cardiovascular Disorders 2009, 9:51 http://www.biomedcentral.com/1471-2261/9/51

Page 7 of 8
(page number not for citation purposes)

acquisition of data while LG, AWM, DR, JN, AI and JA ana-
lysed the data and drafted the article. All authors revised
the article and granted final approval to the version sub-
mitted for publication.

Acknowledgements
The cohort was originally assembled through a Health Research Board 
(HRB) Health Services Research Fellowship grant and the follow-up was 
also supported by a HRB Project Grant. The current study was supported 
by a grant from ROCHE Ireland. All work was carried out independently of 
the funding organisations. Damian Griffen, Liam Connell, Eoin Clerkin and 
Mary Diver of the Clinical Biochemistry Departments in University College 
Hospital Galway, Mayo General Hospital, Sligo General Hospital and Let-
terkenny General Hospital respectively. Brian Buckley, Ethna Shryane and 
Claire Hennigan for practice data collection and Michael O'Keefe for data 
collection within the hospital setting. Finally all our participating general 
practitioners and patients without whom this study could never have taken 
place.

References
1. Glynn LG, Reddan D, Newell J, Hinde J, Buckley B, Murphy AW:

Chronic kidney disease and mortality and morbidity among
patients with established cardiovascular disease: a West of
Ireland community-based cohort study.  Nephrol Dial Transplant
2007, 22(9):2586-2594.

2. Anavekar NS, McMurray JJV, Velazquez EJ, Solomon SD, Kober L,
Rouleau J-L, White HD, Nordlander R, Maggioni A, Dickstein K, et al.:
Relation between Renal Dysfunction and Cardiovascular
Outcomes after Myocardial Infarction.  N Engl J Med 2004,
351(13):1285-1295.

3. Tonelli M, Jose P, Curhan G, Sacks F, Braunwald E, Pfeffer M, Choles-
terol and Recurrent Events (CARE) Trial Investigators: Proteinuria,
impaired kidney function, and adverse outcomes in people
with coronary disease: analysis of a previously conducted
randomised trial.  BMJ 2006, 332(7555):1426.

4. Al Suwaidi J, Reddan DN, Williams K, Pieper KS, Harrington RA, Califf
RM, Granger CB, Ohman EM, Holmes DR Jr: Prognostic implica-
tions of abnormalities in renal function in patients with acute
coronary syndromes.  Circulation 2002, 106(8):974-980.

5. Kazory A, Ross EA: Anemia: the point of convergence or diver-
gence for kidney disease and heart failure?  J Am Coll Cardiol
2009, 53(8):639-647.

6. Obrador GT, Roberts T, St Peter WL, Frazier E, Pereira BJ, Collins
AJ: Trends in anemia at initiation of dialysis in the United
States.  Kidney Int 2001, 60(5):1875-1884.

7. Silverberg DS, Wexler D, Iaina A, Steinbruch S, Wollman Y, Schwartz
D: Anemia, chronic renal disease and congestive heart fail-
ure--the cardio renal anemia syndrome: the need for coop-
eration between cardiologists and nephrologists.  Int Urol
Nephrol 2006, 38(2):295-310.

8. Wright RS, Reeder GS, Herzog CA, Albright RC, Williams BA, Dvo-
rak DL, Miller WL, Murphy JG, Kopecky SL, Jaffe AS: Acute Myocar-
dial Infarction and Renal Dysfunction: A High-Risk
Combination.  Ann Intern Med 2002, 137(7):563-570.

9. Young JB, Abraham WT, Albert NM, Gattis Stough W, Gheorghiade
M, Greenberg BH, O'Connor CM, She L, Sun JL, Yancy CW, et al.:
Relation of low hemoglobin and anemia to morbidity and
mortality in patients hospitalized with heart failure (insight
from the OPTIMIZE-HF registry).  Am J Cardiol 2008,
101(2):223-230.

10. Herzog CA, Muster HA, Li S, Collins AJ: Impact of congestive
heart failure, chronic kidney disease, and anemia on survival
in the Medicare population.  J Card Fail 2004, 10(6):467-472.

11. Horwich TB, Fonarow GC, Hamilton MA, MacLellan WR, Borenstein
J: Anemia is associated with worse symptoms, greater
impairment in functional capacity and a significant increase
in mortality in patients with advanced heart failure.  J Am Coll
Cardiol 2002, 39(11):1780-1786.

12. McClellan WM, Flanders WD, Langston RD, Jurkovitz C, Presley R:
Anemia and renal insufficiency are independent risk factors
for death among patients with congestive heart failure

admitted to community hospitals: a population-based study.
J Am Soc Nephrol 2002, 13(7):1928-1936.

13. Rothwell PM: External validity of randomised controlled trials:
"to whom do the results of this trial apply?".  Lancet 2005,
365(9453):82-93.

14. Tarng DC: Cardiorenal anemia syndrome in chronic kidney
disease.  J Chin Med Assoc 2007, 70(10):424-429.

15. Mant J, McManus RJ, Hare R: Applicability to primary care of
national clinical guidelines on blood pressure lowering for
people with stroke: cross sectional study.  BMJ 2006,
332(7542):635-637.

16. Glynn LG, Reddan D, Newell J, Buckley B, Dinneen S, Murphy AW:
Multimorbidity and risk among patients with established
cardiovascular disease: a cohort study.  BJGP 2008,
58(552):488-494.

17. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D: A more
accurate method to estimate glomerular filtration rate from
serum creatinine: a new prediction equation. Modification of
Diet in Renal Disease Study Group.  Ann Intern Med 1999,
130(6):461-470.

18. National Kidney Foundation: K/DOQI clinical practice guidelines
for chronic kidney disease: evaluation, classification, and
stratification.  Am J Kidney Dis 2002, 39(2 Suppl 1):S1-266.

19. Organisation WH: Indicators and Strategies for Iron Defi-
ciency and Anemia Programmes. Report of the WHO/
UNICEF/UNU Consultation.  Geneva, Switzerland 1994.

20. Daveluy C, Pica L, Courtemanche R, Lapointe F: Enquête sociale et
de santé 1998. 2 ed.  Quebec City, QC: Institut de la statistique du
Québec; 2000. 

21. Wolff JL, Starfield B, Anderson G: Prevalence, expenditures, and
complications of multiple chronic conditions in the elderly.
Arch Intern Med 2002, 62(20):2269-2276.

22. Fortin M, Lapointe L, Hudon C, Vanasse A: Multimorbidity is com-
mon to family practice Is it commonly researched?  Can Fam
Physician 2005, 51(2):245.

23. Shlipak MG, Heidenreich PA, Noguchi H, Chertow GM, Browner WS,
McClellan MB: Association of renal insufficiency with treat-
ment and outcomes after myocardial infarction in elderly
patients.  Ann Intern Med 2002, 137:555-562.

24. Wu WC, Rathore SS, Wang Y, Radford MJ, Krumholz HM: Blood
transfusion in elderly patients with acute myocardial infarc-
tion.  N Engl J Med 2001, 345(17):1230-1236.

25. Langston RD, Presley R, Flanders WD, McClellan WM: Renal insuf-
ficiency and anemia are independent risk factors for death
among patients with acute myocardial infarction.  Kidney Int
2003, 64(4):1398-1405.

26. KDOQI Clinical Practice Guidelines and Clinical Practice
Recommendations for Anemia in Chronic Kidney Disease.
Am J Kidney Dis 2006, 47(5 Suppl 3):S11-145.

27. Walker AM, Schneider G, Yeaw J, Nordstrom B, Robbins S, Pettitt D:
Anemia as a predictor of cardiovascular events in patients
with elevated serum creatinine.  J Am Soc Nephrol 2006,
17(8):2293-2298.

28. Culleton BF, Manns BJ, Zhang J, Tonelli M, Klarenbach S, Hemmelgarn
BR: Impact of anemia on hospitalization and mortality in
older adults.  Blood 2006, 107(10):3841-3846.

29. Vlagopoulos PT, Tighiouart H, Weiner DE, Griffith J, Pettitt D, Salem
DN, Levey AS, Sarnak MJ: Anemia as a risk factor for cardiovas-
cular disease and all-cause mortality in diabetes: the impact
of chronic kidney disease.  J Am Soc Nephrol 2005,
16(11):3403-3410.

30. Zakai NA, Katz R, Hirsch C, Shlipak MG, Chaves PH, Newman AB,
Cushman M: A prospective study of anemia status, hemo-
globin concentration, and mortality in an elderly cohort: the
Cardiovascular Health Study.  Arch Intern Med 2005,
165(19):2214-2220.

31. Drueke T, Locatelli F, Clyne N, Eckardt K, Macdougall I, Tsakiris D,
Burger H, Scherhag A, Investigators C: Normalization of hemo-
globin level in patients with chronic kidney disease and ane-
mia.  N Engl J Med 2006, 355:2071-2084.

32. Ghali JK, Anand IS, Abraham WT, Fonarow GC, Greenberg B, Krum
H, Massie BM, Wasserman SM, Trotman ML, Sun Y, et al.: Rand-
omized double-blind trial of darbepoetin alfa in patients with
symptomatic heart failure and anemia.  Circulation 2008,
117(4):526-535.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17452408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17452408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17452408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16714328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16714328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16714328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19232895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19232895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11703606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11703606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16868702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16868702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16868702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12353943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12353943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12353943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18178411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18178411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18178411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15599836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15599836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15599836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12039491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12039491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12039491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12089390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12089390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12089390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15639683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15639683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17962140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17962140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16500926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16500926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16500926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11904577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11904577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11904577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12353942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12353942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12353942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11680442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11680442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11680442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12969159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12969159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12969159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16678659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16678659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16837634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16837634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16837634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16162813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16162813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16162813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16246985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16246985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16246985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18195176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18195176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18195176


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 published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

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

BioMedcentral

BMC Cardiovascular Disorders 2009, 9:51 http://www.biomedcentral.com/1471-2261/9/51

Page 8 of 8
(page number not for citation purposes)

33. Singh A, Szczech L, Tang K, Barnhart H, Sapp S, Wolfson M, Reddan
D, Investigators C: Correction of anemia with epoetin alfa in
chronic kidney disease.  N Engl J Med 2006, 355:2085-2098.

34. Palazzuoli A, Silverberg D, Iovine F, Capobianco S, Giannotti G, Cala-
bro A, Campagna SM, Nuti R: Erythropoietin improves anemia
exercise tolerance and renal function and reduces B-type
natriuretic peptide and hospitalization in patients with heart
failure and anemia.  Am Heart J 2006, 152(6):e1099-1015.

35. Toblli JE, Lombrana A, Duarte P, Di Gennaro F: Intravenous iron
reduces NT-pro-brain natriuretic peptide in anemic patients
with chronic heart failure and renal insufficiency.  J Am Coll Car-
diol 2007, 50(17):1657-1665.

36. Mix TC, Brenner RM, Cooper ME, de Zeeuw D, Ivanovich P, Levey
AS, McGill JB, McMurray JJ, Parfrey PS, Parving HH, et al.: Rationale-
-Trial to Reduce Cardiovascular Events with Aranesp Ther-
apy (TREAT): evolving the management of cardiovascular
risk in patients with chronic kidney disease.  Am Heart J 2005,
149(3):408-413.

37. van Veldhuisen DJ, McMurray JJ: Are erythropoietin stimulating
proteins safe and efficacious in heart failure? Why we need
an adequately powered randomised outcome trial.  Eur J Heart
Fail 2007, 9(2):110-112.

38. Levin A, Hemmelgarn B, Culleton B, Tobe S, McFarlane P, Ruzicka M,
Burns K, Manns B, White C, Madore F, et al.: Guidelines for the
management of chronic kidney disease.  Cmaj 2008,
179(11):1154-1162.

39. Locatelli F, Aljama P, Barany P, Canaud B, Carrera F, Eckardt KU, Horl
WH, Macdougal IC, Macleod A, Wiecek A, et al.: Revised European
best practice guidelines for the management of anaemia in
patients with chronic renal failure.  Nephrol Dial Transplant 2004,
19(Suppl 2):ii1-47.

40. Basile JN: Recognizing the link between CKD and CVD in the
primary care setting: accurate and early diagnosis for timely
and appropriate intervention.  South Med J 2007,
100(5):499-505.

41. Fox CH, Swanson A, Kahn LS, Glaser K, Murray BM: Improving
chronic kidney disease care in primary care practices: an
upstate New York practice-based research network
(UNYNET) study.  J Am Board Fam Med 2008, 21(6):522-530.

42. Cannata-Andia JB, Locatelli F, Zoccali C: The First European
Renal Association-European Dialysis and Transplant Associ-
ation CKD Anaemia Physician Behaviours Survey: key find-
ings.  J NEPHROL 2008, 21(2):190-196.

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

http://www.biomedcentral.com/1471-2261/9/51/prepub

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17950147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17950147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17950147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15864229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15864229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15864229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17270493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17270493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17270493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19015566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19015566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15206425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15206425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15206425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17534087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17534087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17534087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18988719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18988719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18988719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18446713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18446713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18446713
http://www.biomedcentral.com/1471-2261/9/51/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and measurement of renal function
	Outcomes
	Statistical Analysis

	Results
	Baseline Characteristics
	Outcomes

	Discussion
	Summary of main findings
	Strengths and limitations of this study
	Comparison with existing literature
	Implications for future research and clinical practice

	Conclusion
	Ethical Approval
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

