
229

m a y  2 0 1 1 ,  v o l .  6 9 ,  n o  5

© Van Zuiden Communications B.V. All rights reserved.

a b s t r a C t

background: blood pressure (bP) is the most important 
modifiable risk factor for cardiovascular (CV) disease 
and progression of kidney dysfunction in patients with 
chronic kidney disease. despite extensive antihypertensive 
treatment possibilities, adequate control is notoriously hard 
to achieve. several determinants have been identified which 
affect bP control. in the current analysis we evaluated 
differences in achieved bP and achievement of the bP goal 
between hospitals and explored possible explanations.
Methods: at baseline, bP was measured in a supine 
position with an oscillometric device in 788 patients 
participating in the MasterPlan study. We also retrieved 
the last measured office bP from the patient records. 
additional baseline characteristics were derived from the 
study database. Univariate and multivariate analyses were 
performed with general linear modelling using hospital as 
a random factor.
results: in univariate analysis, hospital was a determinant 
of the level of systolic and diastolic bP at baseline. 
adjustment for patient, kidney disease, treatment or 
hospital characteristics affected the relation. yet, in a fully 
adjusted model, differences between centres persisted 
with a range of 15 mmHg for systolic bP and 11 mmHg for 
diastolic bP. 
Conclusion: despite extensive adjustments, a clinically 
relevant, statistically significant difference between 
hospitals was found in standardised bP measurements at 
baseline of a randomised controlled study. We hypothesise 

that differences in the approach towards bP control exist at 
the physician level and that these explain the differences 
between hospitals. 
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i n t r o d U C t i o n

Blood pressure (BP) is considered to be the most important 
modifiable cardiovascular (CV) risk factor. In large 
population studies a reduction of systolic BP of 20 mmHg 
is associated with a 33% reduction in stroke and ischaemic 
heart disease in patients aged 80 to 89 years and an even 
greater reduction of 62% in stroke and 51% in ischaemic 
heart disease in those aged 50 to 59 years.1 The prevalence 
of hypertension is high in patients with chronic kidney 
disease (CKD) and increases with CKD stage from 79% in 
CKD stage I to 95% in CKD stages IV and V.2 In patients 
with CKD, reduction of BP is not only important to prevent 
CV events but also to attenuate the decline of kidney 
function.3,4

Nowadays, physicians can use a multitude of effective 
BP-lowering agents and, in addition, focus on lifestyle 
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changes. Despite this armamentarium, the large majority 
of patients do not achieve treatment goals.5-7 Several 
factors have been identified to be associated with poor BP 
control, including more advanced kidney dysfunction, poor 
adherence, absence of health insurance and physicians not 
adhering to guidelines or showing therapeutic inertia.5,8-10 
Recently, we reported in CKD patients that the hospital 
where a patient receives treatment was independently 
associated with a quality of care score based on 11 different 
risk factors.11 In the current analyses, we evaluated the BP 
and the degree that BP goals were achieved, compared 
results between centres and explored possible explanations 
for the observed differences. 

s U b J e C t s  a n d  M e t H o d s

MasterPlan study
The MASTERPLAN study [Trial registration ISRCTN 
registry: 73187232 (http://isrctn.org)] is a randomised, 
controlled trial conducted in nine hospitals with a 
nephrology department in the Netherlands. Rationale and 
design have been published elsewhere.12,13 Ethical approval 
was given by the ethics board of the University of Utrecht 
with additional endorsement of local applicability by the 
ethical boards of each of the participating hospitals.
In brief, adult patients with CKD (estimated GFR between 
20 and 70 ml/min) were included in the study. 
The effects of a multi-targeted treatment regimen executed 
by a specialised nurse under the supervision of, and in 
collaboration, with a nephrologist are compared with the 
care delivered by the patients own physicians, also mostly 
nephrologists. In both arms of the study, the same sets 
of guidelines apply. The primary endpoint is a composite 
of fatal and nonfatal myocardial infarction, stroke and 
cardiovascular mortality. Secondary endpoints are all-cause 
mortality, achievement of treatment goals for the various 
risk factors, decline of kidney function and quality of life. 
Follow-up will continue for five years.
All participating hospitals are teaching hospitals that offer 
a full range of nephrology treatment including kidney 
replacement therapy (both haemodialysis and peritoneal 
dialysis) and are involved in the care of kidney transplant 
recipients. Three hospitals are university clinics that offer 
tertiary care and have kidney transplant programs. The 
number of beds per hospital ranges from 414 to 953. 

Patient evaluation
Baseline measurements consisted of a questionnaire to 
obtain information on smoking behaviour, physical activity 
and medication use. Physical examination consisted of 
measurement of height, weight and BP (oscillometric 
BP measurements after 15 minutes of supine rest, mean 
of five measurements in the following 15 minutes). BP 

was concluded to be on target if oscillometric BP level 
was ≤125/80 mmHg in patients without proteinuria 
and ≤120/70 mmHg in patients with ≥1 g proteinuria /  
24 hours (guidelines indicate goals of 130/85 and 
125/75 mmHg respectively for office measurement; an 
additional 5 mmHg adjustment for both systolic and 
diastolic BP is applied for the period of supine rest and 
use of an oscillometric device).14,15 Also the BP of the 
patient measured during the last outpatient visit prior to 
randomisation (screening visit) was retrieved. These were 
sphygmomanometric office measurements, usually taken 
in a sitting position by an experienced internist during the 
visit to the centre. The sphygmomanometric devices were 
of the aneroid mechanical type.
All devices (both oscillometric and sphygmomanometric) 
are validated annually in participating centres. Aneroid 
devices were validated by local technical services in 
the respective centres. Most centres retained a mercury 
sphygmomanometer in their technical department to 
allow for correct validation. Additional validation of the 
oscillometric devices was performed prior to the start 
of the study. Per centre different types of oscillometric 
devices are used: BP100 (Gambro, Lund, Sweden), Critikon 
(Critikon, Tampa, Florida), Dinamap Procare (GE Medical 
Systems Information Technologies Inc., Milwaukee, 
Wisconsin), Accuratorr plus (Datascope, Mahwah, New 
Jersey).
Blood was drawn and a 24-hour urine sample was 
collected. Blood and urine samples were analysed by the 
centre’s laboratory. Medical history was obtained from 
the medical records. History of CV disease was defined 
as a history of myocardial infarction, stroke or vascular 
intervention. Diabetes mellitus at baseline (DM) was 
defined as the use of glucose-lowering drugs or a fasting 
glucose >7.0 mmol/l. Adherence to the Dutch Guidelines 
of Healthy Physical Exercise was determined with the 
validated SQUASH questionnaire.16 The underlying 
diagnosis of kidney disease was determined by the 
treating physician and categorised using the ERA-EDTA 
(European Renal Association) registration criteria. To allow 
comparisons with other studies, we report the estimated 
glomerular filtration rate (eGFR) using the abbreviated 
Modification of Diet in Renal Disease (MDRD) formula.17

data analysis
Baseline characteristics were given for the study population 
by participating hospital and expressed as means (SD) or 
proportions. For non-parametric data medians [range] were 
supplied. Differences between centres in risk factors were 
studied using analysis of variance adjusted for age and 
gender if applicable. 
With regard to missing data, two analyses were performed: 
one complete case analysis (all complete data) and one in 
which missing data were imputed. The presented data 
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are based on imputed data. Five separate imputations 
were performed and analyses were carried out on each 
imputation separately.18 Results were then pooled via the 
statistical software (SPSS 17).
Since patients cluster within hospitals, we applied general 
linear modelling for continuous dependent variables and 
included hospital as a random effect.19 As a measure for the 
explanation of the variability in the model h2 is used, since 
for this type of analysis h2 is considered more appropriate 
than R2. 
For multivariate analyses of the centre effect, different 
models have been constructed. Based upon known 
determinants of systolic and diastolic BP, both from 
literature and our own analyses, we came to the following 
models (which can be viewed online as appendix A): 
Model 0: no adjustment; 
Model 1 (patient characteristics): age, gender, race, history 
of CV disease, history of DM, body mass index (BMI), 
income, current smoking, physical activity, left ventricular 
hypertrophy (LVH) on ECG; 
Model 2 (additional kidney disease characteristics): Model 
1 + diagnosis, history of kidney transplantation, eGFR, 
proteinuria, serum potassium; 
Model 3 (additional treatment characteristics): Model 2 + 
sodium excretion in urine, number of visits in the year 
prior to randomisation, number of antihypertensives, renin 
angiotensin system (RAS) intervention, use of diuretics; 
Model 4 (additional hospital characteristics): Model 3 + 
hospital size, academic status. 
Adjusted means were calculated for systolic and diastolic 
BP measured at baseline and at the screening visit. 
Adjustment was performed for age, gender, race, history of 
CV disease, history of DM, BMI, income, current smoking, 
physical activity, LVH on ECG, nephrological diagnosis, 
history of kidney transplantation, eGFR, proteinuria, 
sodium excretion in urine, number of visits in the year 
prior to randomisation, number of antihypertensives, 
RAS intervention, use of diuretics and hospital size. 
The analyses were performed with SPSS 17.0 (SPSS inc., 
Chicago, USA).

r e s U l t s

A total of 793 patients were included in the study between 
April 2004 and December 2005. Three patients did not 
meet inclusion criteria and two patients withdrew consent 
directly after randomisation, leaving 788 patients available 
for the analyses. 
Baseline characteristics are given in table 1. The majority 
of patients are male (68%) and Caucasian (92%). Mean BP 
is 135 (±20)/78 (±11) mmHg. The proportion of patients 
considered to have achieved the treatment goals based 

on the oscillometric BP measurement is 28%, varying 
between centres from 12 to 42% (table 1).

differences in bP between hospitals
In the general linear modelling analysis with centre as a 
random factor, systolic BP was significantly lower in all 
hospitals compared with the reference centre (Centre B) 
(table 2a). 
Models 1 and 2 showed that some of the differences 
are explained by patient and kidney disease-related 
characteristics, respectively (table 2a). Factors added in 
models 3 and 4 did not seem to contribute much. For 
diastolic BP, patient-related characteristics (Model 1) have 
the greatest contribution. Adjustment for pharmacotherapy 
(i.e. the use of RAS intervention (either an ACE inhibitor or 
angiotensin receptor blocker) or diuretics) did not explain 
the differences between hospitals (Model 3). A table with 
the results of the various models can be viewed online as 
appendix B.
In the final full multivariate model (Model 4) a clear centre 
effect remained present, i.e. hospitals A, C, D, G and H 
showed significantly lower systolic BP levels compared with 
the reference centre. The centre effect explained about half 
of the variability that can be explained by the regression 
model; h2 for the full model is 0.21 and 0.10 for the model 
without adjustments. Also in a reverse fashion for the 
fully adjusted model without centre h2 was 0.13, whereas 
the fully adjusted model with centre had an h2 of 0.21. The 
range of the differences in adjusted systolic BP between 
hospitals was 15 mmHg. 
For diastolic BP a centre effect was found with centre I 
having the highest diastolic BP and centre G the lowest 
(table 1, appendix B). After adjustment for additional 
determinants the differences remained. The difference 
between highest and lowest diastolic BP after adjustment is 
11 mmHg. Hospitals A, D, E and G also had a significantly 
lower diastolic BP compared with hospitals F and I. 

differences in oscillometric and sphygmomanometric 
(office) bP measurements
Based on the previous findings we performed additional 
analyses to explore the following issues as potential 
explanations of these findings.
1. Are there not only centre differences in the oscillometric 
BP measurements (BP obtained with the BP measuring 
device at baseline of the study), but also in the 
sphygmomanometric BP measurements performed at the 
outpatient clinics during the last visit prior to entry into 
the study (median 32 days before inclusion (IQR 20-53 
days). Figure 1 shows that on average oscillometric BP is 
lower than office BP (p=0.05 for systolic BP and p=0.006 
for diastolic BP). Yet, the centre effect remained present in 
both methods of BP assessment. 
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2. Do hospital differences disappear above a certain level of 
achieved BP goals? Such a finding might be interpreted as 
indicating that different targets are used in the hospitals. 
Figure 2 shows percentages of patients achieving treatment 
goals per centre for three separate goals: a goal of 125/80 
mmHg (120/70 mmHg if proteinuria >1 g/day) for 
oscillometric BP, a goal of 130/85 mmHg (125/75 mmHg 
if proteinuria >1 g/day) for sphygmomanometric office 
BP, and a goal of 140/90 mmHg for sphygmomanometric 

office BP (independent of proteinuria). Figure 2 illustrates 
that differences between centres were present for all three 
treatment goals, although the smallest range was found 
when 140/90 mmHg as treatment goal is applied. In 
some centres a marked difference between achievement 
of the oscillometric BP goal and office BP goal could be 
appreciated (e.g. hospitals F and I) (figure 2).

3. Could low diastolic BP be a factor obstructing 
achievement of treatment goals?
A diastolic BP <70 mmHg was present in 170 (21.6%) 
patients. This is shown per hospital for patients who do 
and do not meet the study treatment goal (figure 3).

table 2. Univariate and multivariate general linear modelling for systolic BP with hospital as a random effect

Centre Model 0:
h2=0.10

Model 1:
h2=0.17

Model 2:
h2=0.20

Model 3:
h2=0.21

Model 4:
h2=0.21 

B p B p B p B p B p 95% CI

A -18 <0.001 -15 <0.001 -15 <0.001 -13 <0.001 -13 <0.001 -19;-8

B Ref Ref Ref Ref Ref

C -9 0.001 -9 <0.001 -8 0.004 -8 0.004 -8 0.004 -13;-2

D -17 <0.001 -12 <0.001 -11 <0.001 -10 0.001 -10 0.001 -15;-4

E -6 0.04 -6 0.02 -6 0.02 -4 0.11 -4 0.11 -9;1

F -5 0.06 -6 0.04 -3 0.18 -3 0.20 -3 0.20 -9;2

G -15 <0.001 -16 <0.001 -16 <0.001 -15 <0.001 -15 <0.001 -21;-9

H -17 <0.001 -13 <0.001 -12 <0.001 -11 <0.001 -11 <0.001 -17;-5

I -4 0.19 -3 0.30 -4 0.20 -3 0.30 -3 0.30 -9;3

Model 0: no adjustment; model 1: patient characteristics: age, gender, race, history of CV disease, history of dM, bMi, income, current smoking, 
physical activity, lVH on eCG; model 2: Model 1 + kidney disease specific: diagnosis, history of kidney transplantation, eGfr, proteinuria, serum 
potassium; model 3: model 2 + treatment related: sodium excretion in urine, no. of visits in the year prior to randomisation, no. of antihyperten-
sives, use of renin angiotensin-modulating drugs, use of diuretics; model 4: model 3 + centre related: centre size, academic status. h2 = is a measure 
of effect size for use in anoVa, b = unstandardised regression coefficient (representing difference in bP in mmHg with centre b), p = p-value in 
statistical analysis.

figure 2. Percentage of patients achieving BP goals in 
different centers
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figure 1. Adjusted BP values (according to model 4, 
table 2) in different centres
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In 62 of 587 patients not on target (10.6%) diastolic BP was 
below 70 mmHg with no significant differences between 
hospitals. 

d i s C U s s i o n

The present study shows that there are substantial and 
clinically relevant differences between centres with 
regard to achieved systolic and diastolic BP levels in CKD 
patients and percentages of patients achieving adequate 
BP control. These differences persist after adjustment for 
various patient, kidney disease, treatment and hospital 
characteristics. 

Adequate BP control in hypertensive patients is notoriously 
difficult and may show important differences between 
populations. Even more so in the CKD population because 
of the added disturbed sodium and water handling. 
Differences between countries may be attributed to the 
use of different guidelines, differences in lifestyle factors, 
healthcare organisation and racial distribution.20 In the 
present study, all patients were subject to the same set of 
guidelines, to the same healthcare organisation and mostly 
of Caucasian race. It seems fair to conclude that these 
factors cannot explain the differences observed between 
hospitals. In addition, potential differences in several 
lifestyle factors between patients in centres were taken into 
account in our analysis. 
In the present analysis, we went at length to take possible 
confounders into account.5 Patient characteristics including 
socioeconomic status (Model 1) and characteristics of 

kidney disease (Model 2) did contribute and explained 
partially the differences between hospitals. Treatment- 
and hospital-related factors (Models 3 and 4) did not 
markedly change the observed associations. The fact that 
BP-lowering therapy did not affect differences between 
centres may be explained by the high prevalence of the use 
of both diuretics and agents that interfere with RAS in all 
the hospitals. So, Model 4 showed that despite adjusting 
for multiple factors, differences between hospitals persist. 
These results necessitate the consideration of yet additional 
factors, which may be of relevance.
Firstly, we addressed the question whether the technique/
device is the source of the difference. For that purpose, 
we also studied the last BP measured by the physician 
during the visit to the outpatient clinic prior to inclusion 
(a manual sphygmomanometric measurement using 
an aneroid device). Figure 1 showed that these office 
BPs substantially differed between hospitals, indicating 
that the observed difference between hospitals was not 
explained by the different oscillometric devices. Moreover, 
BP differences existed between centres that use the 
same oscillometric device (e.g. centres A and I both used 
the Datascope device, centres D, E, G an H all used the 
Critikon device). 
It must be noted that in some centres a marked difference 
between oscillometric BP and office BP was present. 
This might indicate that the technique and situation 
of measurement affected results to a certain extent as 
stated recently by Becker and Wheeler, although all office 
measurements were performed in the office during the 
visit by the internist using an aneroid sphygmomanometric 
device (figure 2).21 A second factor is that a yet unmeasured 
patient characteristic may have (partially) contributed 
to the centre effect. These factors may include ethnicity, 
living environment and adherence to the prescribed 
treatment. Our cohort included patients from North-Africa, 
the Middle-East, Turkey and Northern Europe and all 
these different ethnicities were classified as Caucasian. 
The prevalence of these ethnicities is variable in the 
various regions of the Netherlands and may have been 
different between hospitals, which might have affected the 
results.22,23 Non-adherence to therapy is a well-known cause 
for not achieving BP goals and may be different between 
hospitals and possibly also affected by ethnicity.24,25 Also 
environmental issues (i.e. crime, street noise, crowded 
housing) could affect BP and be distributed unevenly 
between the regions in which the hospitals are located.23 
However, these factors have not been specifically addressed 
in this study.
A third and most relevant factor in explaining the centre 
differences may have been the attitude of the physician 
towards BP management. We have analysed the data at the 
level of the hospital, not the physician. As such detailed data 
have not been collected in the MASTERPLAN study, the 

figure 3. Percentage of patients with diastolic BP <70 
mmHg in different centres
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present dataset does not allow such an analysis. The hospitals 
were, however, comparable with regard to the number of 
visits and the number or type of prescribed antihypertensive 
agents. Although all physicians had access to and were 
familiar with the same set of guidelines, we unfortunately 
had no data on the target levels of BP that physicians in 
hospitals actually pursue.26 Part of the observed differences 
could therefore be explained by different treatment goals: 
for example, in one hospital the physicians might target BPs 
below 130 mmHg systolic, whereas in another hospital a 
systolic BP of 140 mmHg was considered adequate. Figure 2 
showed that centre differences appeared less obvious when 
applying a goal of 140/90 for the office BP measurement, 
possibly illustrating this phenomenon. Since the difference 
between hospitals was still statistically significant, this factor 
does not fully explain the hospital effect. 
The perceived importance of BP control could differ between 
physicians and hospitals and might possibly explain centre 
differences. Physician inertia (i.e. the tendency not to adjust 
the intensity of treatment, despite the fact that a risk factor 
does not meet the treatment goal) has been identified as an 
important factor affecting BP control and is also part of the 
physician attitude towards BP management.8,9 However, as 
no information has been collected on these aspects, it was 
not addressed in this study. 
A fourth aspect that could have affected treatment efficacy 
was the attainment of a low diastolic BP. Several studies 
have cautioned against lowering diastolic BP below 70 
mmHg, especially in patients with vascular disease. This 
trend may hamper treatment of patients with high pulse 
pressure, since adequate lowering of systolic BP in these 
patients will often cause diastolic BP below 70 mmHg. Our 
data did not allow for a definite conclusion on this issue. 

l i M i t a t i o n s

Our study has some limitations. The present analysis 
was performed on baseline data of CKD patients who 
consented to participate in a randomised controlled trial. 
Therefore, the results might not be generalisable to the 
general CKD population. Further, all automated devices 
were validated within the centres, but were not all from the 
same manufacturer. We cannot exclude the possibility that 
this is of relevance. 
Finally, at the start of the study, we did not expect to find 
this centre effect. Therefore, we may not have collected 
sufficient data to evaluate this finding in much more 
depth; for instance, daily defined dosages of antihyper-
tensives could have illustrated some differences in 
treatment. Because of the numerous different antihyper-
tensives applied in the cohort at baseline, daily defined 
dosages could not be calculated. However, it seems 

reasonable to assume that this centre effect is to be 
explained on the level of the physician. 

In conclusion, the present data indicate that there are 
substantial and most likely clinically relevant differences 
between centres in the quality of BP control in CKD 
patients. Our analysis suggests that this may be explained 
by differences at the level of the physician. Further studies 
are necessary to address this possibility in more detail. 
It is attractive to hypothesise that this reveals additional 
opportunities to improve the quality of care. 
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