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Abstract
Background: Transparency in quality of care (QoC) is stimulated and hospitals are compared and judged on the
basis of indicators of performance on specific treatment targets. In patients with chronic kidney disease, QoC
differed significantly between hospitals. In this analysis we explored additional parameters to explain differences
between centers in attainment of parathyroid hormone (PTH) treatment targets.
Methods: Using MASTERPLAN baseline data, we selected one of the worst (center A) and one of the best (center
B) performing hospitals. Differences between the two centers were analyzed from the year prior to start of the
MASTERPLAN study until the baseline evaluation. Determinants of PTH were assessed.
Results: 101 patients from center A (median PTH 9.9 pmol/l, in 67 patients exceeding recommended levels) and
100 patients from center B (median PTH 6.5 pmol/l, in 34 patients exceeding recommended levels), were included.
Analysis of clinical practice did not reveal differences in PTH management between the centers. Notably,
hyperparathyroidism resulted in a change in therapy in less than 25% of patients. In multivariate analysis kidney
transplant status, MDRD-4, and treatment center were independent predictors of PTH. However, when MDRD-6
(which accounts for serum urea and albumin) was used instead of MDRD-4, the center effect was reduced.
Moreover, after calibration of the serum creatinine assays treatment center no longer influenced PTH.
Conclusions: We show that differences in PTH control between centers are not explained by differences in
treatment, but depend on incomparable patient populations and laboratory techniques. Therefore, results of
hospital performance comparisons should be interpreted with great caution.
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Background
Patients with chronic kidney disease (CKD) are at
increased risk of developing cardiovascular disease [1-3].
Multiple traditional and non-traditional risk factors contribute to this increased cardiovascular risk. In recent
years an important role of disturbances in bone and
mineral metabolism has been established [4-8]. Patients
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with CKD are characterized by variable degrees of vitamin D deficiency, hyperparathyroidism, hypercalcemia
and hyperphosphatemia. These abnormalities contribute
to soft tissue and vascular calcification, and ensuing cardiovascular injury [9]. Parathyroid hormone (PTH) level
is already elevated in patients with mild CKD and prevalence of hyperparathyroidism rises substantially when
glomerular filtration rate (GFR) decreases [10,11]. Consequently, PTH is one of the most deviant laboratory
parameters in CKD patients.
The 2003 K/DOQI clinical practice guideline
addressed the treatment of CKD-bone and mineral
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disorder and defined treatment targets for calcium,
phosphate, and PTH [12]. Newer guidelines with different targets were recently published [13]. Defining treatment goals is only one aspect of quality of care (QoC).
Health care authorities, health insurance companies, as
well as organizations of health care professionals have
introduced benchmarking as a way to compare and improve QoC [14-16]. Treatment centers are asked to provide figures on treatment targets, complication rates,
and survival rates. Hospital performance is determined
on the basis of these figures.
Nevertheless, implementation of guidelines is rather
difficult and treatment goals are often not met [17-19].
We recently showed that in CKD patients QoC, defined
as attainment of treatment targets, differed significantly
between treatment centers [20,21]. Differences were not
explained by available patient characteristics. We
hypothesized that detailed comparison of all aspects of
treatment in these centers may help to define parameters that are associated with QoC, and eventually improve performance. In the present study, we compared
two centers that differed in the attainment of the PTH
treatment goal in CKD patients and explored possible
explanations.

Methods
The MASTERPLAN (Multifactorial Approach and Superior Treatment Efficacy in Renal Patients with the Aid
of Nurse practitioners) study [Trial registration ISRCTN
registry: 73187232] is a randomized controlled trial conducted in nine centers with a nephrology department in
The Netherlands, evaluating the added value of nurse
practitioner care in reducing cardiovascular events and
attenuating kidney function decline in patients with
prevalent CKD. Rationale and design have been published elsewhere [22,23]. Ethics committee approval was
obtained as well as written informed consent of all participants. Between April 2004 and December 2005,
patients were enrolled.
We recently analyzed baseline data and evaluated
QoC, defined as achievement of treatment goals. We
noted significant differences between treatment centers
for various treatment goals such as blood pressure, cholesterol, and PTH [20]. In the present study we focused
on management of PTH and selected one of the worst
(center A) and one of the best (center B) performing
hospitals. Study design can be described as a nested case
control study (on hospital level).
PTH is one of the quality indicators of the Dutch Federation of Nephrology. It is, therefore, a usual quality of
care target.
PTH was defined as exceeding recommended levels
if > 7.7 pmol/l in patients with estimated glomerular filtration rate (eGFR) ≥ 30 ml/min/1.73 m2, if > 12.1 pmol/l

Page 2 of 9

in patients with eGFR 15–29 ml/min/1.73 m2, and if >
33.0 pmol/l in patients with eGFR < 15 ml/min/1.73 m2,
based upon the then available CKD-bone and mineral
disorder guidelines [12].
We used the baseline clinical and laboratory data of
the patients as available according to the MASTERPLAN study protocol [23]. We retrieved additional data
from the medical records, using a form, specifically
addressing known determinants of PTH [24,25] and
characteristics of treatment in the year before the
baseline MASTERPLAN visit (number of patient visits,
number of laboratory tests performed, adjustment of
treatment affecting PTH levels). The additional data collection for the present study, was possible on the basis
of the before mentioned ethics committee approval and
informed consent.
Initially eGFR was calculated using the abbreviated
MDRD formula [26] (MDRD-4). In addition the sixvariable MDRD formula [27] (MDRD-6) and the CKDEPI equation [28] were used in order to achieve a more
accurate estimation of the GFR. We also compared the
serum creatinine assays between the hospitals. The hospitals used different Jaffé methods to measure serum
creatinine. Both methods were compared to one enzymatic method (Roche Diagnostics). The following equations were developed. For center A: enzymatic
creatinine = 1.266 x Jaffé creatinine - 29. For center B:
enzymatic creatinine = (Jaffé creatinine - 28) / 0.93.
In center A PTH was measured by an immunoluminometric assay (Nichols Institute, San Clemente, USA). In
center B an immunoradiometric assay from the same
manufacturer was used. Since both methods use antibodies directed against the same regions of the PTH
molecule and reference values are similar we consider the methods comparable. This is confirmed by
Souberbielle et al., as they found no significant difference in measured PTH concentration between
both methods [29].
Proteinuria and smoking data were missing in two
patients, income data were missing in 34 patients. Two
analyses were performed: one without cases with missing
values and another in which missing data were imputed
by single imputation. In proteinuria and income median
values were imputed, in smoking the mode was used.
The presented data are after imputation.
In the analysis of characteristics of treatment in the
year before MASTERPLAN baseline (management of
hyperparathyroidism), we excluded patients who were
under specialist physician care for less than six months
prior to study enrollment. We used the six month criterion since we aimed to evaluate differences in QoC between hospitals and not between general practitioners.
Characteristics are given for the study population by
treatment center and expressed as means (standard
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deviation) or proportions. Medians [interquartile range]
are presented for variables with a skewed distribution.
Differences between the two treatment centers were
studied using an independent-samples T test for continuous variables and a chi-square test for categorical
variables. The natural logarithm (Ln) of PTH had a normal distribution and was used for correlation analyses.
Correlation with several potential determinants was
studied using a Pearson correlation coefficient for continuous variables and a Spearman’s rho correlation coefficient for categorical variables. If necessary, the Ln of
continuous variables was used to obtain a normal distribution. Multivariate analyses using stepwise backward
linear regression models were performed to find determinants of PTH. Variables with univariate associations
and potential confounders were included. Criteria for exclusion and re-inclusion were p ≥ 0.10 and p < 0.05 respectively. Variables were excluded from the final
multivariate model if they did not contribute considerably to the explained variance (change in R2 < 5%).
Multivariate Poisson regression models were used to
construct prediction models for meeting the PTH treatment target. Variables with univariate associations were
included. All p-values were two-sided, and for all tests
p-values less than 0.05 were considered to indicate statistical significance. The univariate analyses were performed with SPSS 16.0 (SPSS Inc., Chicago, USA). The
multivariate analyses were performed with Stata 10.1
(StataCorp LP, College Station, USA).

Results
Medical records of 101 patients from center A and 100
patients from center B were studied. Center A is a university clinic with 953 beds and center B is a nonuniversity clinic with 653 beds. Both centers are teaching
hospitals that offer a full range of nephrology treatment
including kidney replacement therapy and are involved
in the care of kidney transplant recipients. The two centers are located in the same region of The Netherlands.
Characteristics of the study population are given in
Table 1. The majority of patients were male (71%) and
Caucasian (96%). Twenty one percent of the patients
were kidney transplant recipients. Median plasma PTH
level was 8.7 pmol/l. By definition the median PTH level
and the number of patients with PTH exceeding recommended levels were significantly different between the
two treatment centers (Table 1).
Management of hyperparathyroidism

Table 2 shows the treatment characteristics of patients
in the year before entry in the MASTERPLAN study.
Three patients from center A were excluded from this
analysis and 18 patients from center B, because they
were under specialist physician care for less than six
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months at MASTERPLAN baseline. In center A patients
visited their physicians more often, and more laboratory
tests were performed, although the number of PTH tests
was not significantly different. In center A more different nephrologists and general internists were involved in
the patient’s treatment. PTH levels were not measured
in 29-39% of patients in the six-twelve months before
the start of MASTERPLAN. Of the patients with known
PTH levels 29 patients in center A and 27 patients in
center B had a PTH level exceeding recommended
levels. There was no significant difference in the way
that center A and center B handled the patients with
PTH exceeding recommended levels (Table 2). Specifically, hyperparathyroidism resulted in a change in therapy
in less than 25% of patients.
Determinants of PTH

Correlation analyses showed that cause of kidney disease (p = 0.03), kidney transplant status (p < 0.001),
income (p = 0.02), serum calcium (p = 0.03), serum
phosphate (p < 0.001), eGFR (p < 0.001), treatment
center (p < 0.001), and furosemide use (p = 0.01) were
potential determinants of PTH (Table 3). As shown
in Table 1, distribution of cause of kidney disease,
kidney transplant status, and eGFR by MDRD-4 differed significantly between the two centers.
The factors that were univariately associated with
plasma PTH were all included in multivariate analyses.
Potential confounders that were also included were age,
sex, race, history of DM, BMI, smoking status, proteinuria, thiazide use, and season of blood draw. Although
alphacalcidol and/or calciumcarbonate use and number
of drugs were positively correlated with PTH, they were
not included in multivariate models because of reverse
causation (patients who have higher PTH levels more
often use alphacalcidol, however the drug does not lead
to higher PTH levels).
Table 4 shows the results of multivariate linear regression analysis by which determinants of PTH were identified. Kidney transplant status, MDRD-4, and treatment
center were independent predictors of plasma PTH
level.
Role of GFR

Glomerular filtration rate is a well known determinant
of PTH. Various methods can be used to estimate GFR.
Since there were significant differences between center
A and B in serum urea and albumin, we considered that
MDRD-6 (which includes these variables) might give a
better estimation of GFR than MDRD-4 and subsequently predict plasma PTH level more accurately. Estimated GFR by MDRD-6 was 37.7 (SD 12.0) for center A
and 37.0 ml/min/1.73 m2 (SD 12.2) for center B,
p = 0.69. Table 4 shows that, while the explained variance
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Table 1 Characteristics of study population
Center A (n = 101)

Center B (n = 100)

p

Plasma PTH (pmol/l)

9.9 [6.7-15.5]

6.5 [3.6-11.0]

<0.001

PTH exceeding recommended levels

67 (66%)

34 (34%)

<0.001

Age (years)

52.2 (12.7)

58.8 (11.8)

<0.001

Male sex

68 (67%)

75 (75%)

0.23

Caucasian race

99 (98%)

93 (93%)

0.09

34 (34%)

17 (17%)

Cause of kidney disease
Glomerulonephritis

<0.001

Diabetic nephropathy

9 (9%)

4 (4%)

Renovascular

4 (4%)

15 (15%)

Interstitial nephritis

25 (25%)

6 (6%)

Congenital (including PKD)

20 (20%)

5 (5%)

Different/unknown

9 (9%)

53 (53%)

33 (33%)

9 (9%)

<0.001

History of diabetes mellitus

20 (20%)

13 (13%)

0.19

Income (euros/month)

2108 (489)

2030 (482)

0.26

BMI (kg/m )

27.0 (5.0)

28.6 (4.5)

0.01

Smoking

15 (15%)

19 (19%)

0.43

Kidney transplant recipient

2

Serum calcium (mmol/l)

2.40 (0.13)

2.40 (0.12)

0.71

Serum phosphate (mmol/l)

1.06 (0.25)

1.01 (0.22)

0.15

Serum urea (mmol/l)

13.5 [10.1-17.6]

9.8 [7.2-15.2]

<0.001

Serum albumin (g/l)

39 (4)

42 (3)

<0.001

Proteinuria (g/24 h)

0.6 [0.1-1.3]

0.3 [0.2-0.9]

0.10

Serum creatinine (μmol/l)

168 (53)

184 (60)

0.05

eGFR (MDRD-4, ml/min/1.73 m2)

40.3 (12.4)

36.3 (11.1)

0.02

Alphacalcidol use

16 (16%)

13 (13%)

0.57

Calciumcarbonate use

13 (13%)

5 (5%)

0.05

Alphacalcidol and/or calciumcarbonate use

21 (21%)

16 (16%)

0.38

Furosemide use

17 (17%)

9 (9%)

0.10

Thiazide use

22 (22%)

46 (46%)

<0.001

Number of drugs

5.82 (3.90)

5.73 (2.85)

Season of blood draw

0.85
0.34

Winter

21 (21%)

15 (15%)

Spring

24 (24%)

17 (17%)

Summer

24 (24%)

30 (30%)

Fall

32 (32%)

38 (38%)

Values are given as mean (SD), n (%), or median [interquartile range].
PTH: parathyroid hormone; PKD: polycystic kidney disease; BMI: body mass index; eGFR: estimated glomerular filtration rate; MDRD: modification of diet in renal
disease.

increased, the center effect was reduced when MDRD-6
instead of MDRD-4 was used in the model. We also
used the CKD-EPI equation, but this did not improve
the model, nor reduced the center effect (data not
shown).
Serum creatinine is an important parameter in the
MDRD formulas. After conversion of serum creatinine
to enzymatic values, mean eGFR by MDRD-6 was

35.7 ml/min/1.73 m2 in center A and 42.1 ml/min/
1.73 m2 in center B (p = 0.002).
We subsequently used MDRD-6 after creatinine conversion in multivariate analysis, and found that treatment center was no longer a significant predictor of
PTH (Table 4).
Since attainment of the PTH treatment target not only
depends on PTH, but also on eGFR, we extended the
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Table 2 Characteristics of treatment in the year before MASTERPLAN baseline in center A and B
No. of patient visits

Center A (n = 98)

Center B (n = 82)

p

6.73 (6.21)

3.11 (1.41)

<0.001

No. of different nephrologists/ internists

1.92 (1.63)

1.10 (0.30)

<0.001

No. of patient letters written

0.70 (0.48)

0.65 (0.51)

0.43

4.05 (4.31)

2.39 (1.77)

0.001

No. of laboratory tests
Serum calcium
Serum phosphate

3.97 (4.14)

2.30 (1.68)

0.001

Plasma PTH

0.92 (1.48)

1.01 (0.88)

0.61

Serum creatinine

8.59 (9.80)

5.32 (4.24)

0.01

60 (61%)

58 (71%)

0.18

29 (30%) (n = 60)

27 (47%) (n = 58)

0.85

(n = 29)

(n = 27)

Already on medication

8 (28%)

6 (22%)

0.64

Adjustment of treatment

4 (14%)

2 (7%)

0.44

PTH level known
PTH exceeding recommended levels
If PTH was exceeding recommended levels

Start treatment

3 (10%)

4 (15%)

0.61

PTH still exceeding recommended levels at MASTERPLAN baseline

26 (90%)

21 (78%)

0.23

Change in serum creatinine (μmol/l)

1.1 (31.1)

8.2 (23.6)

0.09

Hospitalization (at least once)

22 (22%)

12 (15%)

0.18

Surgery (at least once)

13 (13%)

5 (6%)

0.11

Only patients who were under the care of a specialist physician (nephrologist or internist) for at least 6 months before the MASTERPLAN study were analyzed.
Values given are mean (SD) or n (%).
PTH: parathyroid hormone.

multivariate analyses to determine predictors of meeting
the PTH treatment target. The results were similar as
reported in Table 4 (data not shown).

Discussion
In our study we compared two hospitals that differed in
the attainment of the PTH treatment goal and explored
possible explanations. We showed that the apparent differences were explained by incomparable patient populations and laboratory techniques, and the use of the
abbreviated MDRD formula to estimate GFR. After correction for kidney transplant status and with the use of
the MDRD-6 formula with calibrated creatinine to estimate GFR, treatment center no longer influenced the attainment of the PTH treatment goal.
We evaluated potential differences in treatment which
might explain any difference in attainment of the PTH
target. We focused on characteristics of the treatment
given to patients in the year before the start of the MASTERPLAN study. Plantinga et al. have shown that more
frequent patient-physician contacts in patients with endstage renal disease are positively associated with the
achievement of clinical performance targets, including
targets of bone and mineral disorder [30]. One would
therefore expect that patients in center A, the ‘worst
performing’ hospital, visited their physician less often
and had less laboratory tests done. Table 2 shows that

the opposite was true. Admittedly, the number of visits
and laboratory tests may be dictated by patient morbidity and disease history and not necessarily reflect QoC,
e.g. kidney transplant recipients in general need more
frequent control. In addition, there were no differences
in the way both centers handled the patients with PTH
values exceeding recommended levels.
Table 2 also shows that relatively few PTH tests were
performed, while PTH is one of the most deviant laboratory values in CKD patients. In both centers in only a
small number of patients with PTH exceeding recommended levels, treatment was adjusted or started. Thus,
although guidelines give attention to treatment of CKDbone and mineral disease, and although treatment targets are well defined, physicians are insufficiently aware
of the importance of adequate treatment of hyperparathyroidism: our data point to therapeutic inertia towards
the PTH treatment target.
In univariate analysis several factors were potential
determinants of PTH. Multivariate analyses showed that
many of these factors did not independently predict
PTH levels. Renal function on the basis of calibrated
creatinine values and kidney transplant status are the
most important determinants of attainment of the PTH
treatment target.
As mentioned before, GFR is a well known determinant of PTH and increases in PTH occur early in the
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Table 3 Correlation between plasma (Ln)PTH levels and potential determinants of plasma PTH
r
Age (years)

rs

-.10

p
0.16

Male sex

-.01

0.89

Caucasian race

-.07

0.34

*

Cause of kidney disease renovascular or different/unknown

-.15

0.03

Kidney transplant

.27

<0.001

.02

0.82

Diabetes mellitus
Income (euros/month)

-.16

2

.00

BMI (kg/m )
Smoking

0.02
0.99
.01

0.94

Serum calcium (mmol/l)

-.16

0.03

Serum phosphate (mmol/l)

.29

<0.001

(Ln)Proteinuria (g/24u)

.12

0.08

Serum creatinine (μmol/l)

.48

<0.001

eGFR (MDRD-4, ml/min/1.73 m2)

-.48

<0.001

eGFR (MDRD-6, ml/min/1.73 m2)

-.55

<0.001

Center A

.27

<0.001

Alphacalcidol use

.18

0.01

Calciumcarbonate use

.17

0.02

Alphacalcidol and/or calciumcarbonate use

.21

0.003

Furosemide use

.19

0.01

Thiazide use

-.01

0.87

Number of drugs
Blood drawn in summer or fall*

0.35

<0.001
-.08

0.25

Ln: natural logarithm; PTH: parathyroid hormone; r: Pearson correlation coefficient; rs: Spearman’s rho correlation coefficient; BMI: body mass index; eGFR:
estimated glomerular filtration rate; MDRD: modification of diet in renal disease.
*
Patients classified as having a renovascular or different/unknown cause of kidney disease on average had the lowest (Ln)PTH levels. Therefore these categories
were combined. The same holds for patients with blood drawn in summer or fall.

course of renal insufficiency. We observed an inverse relationship between PTH and eGFR (Table 3). Although
eGFR proved to be an important, independent predictor
of PTH, in the initial analysis the differences in PTH
levels between centers could not be explained by differences in eGFR. However, all formulas for estimating
GFR have limitations. We showed that MDRD-4 is invalid in patients with proteinuria, where MDRD-6
proved better [31]. MDRD-6 superiority was also shown
in kidney transplant recipients [32]. Since MDRD formulas critically depend on the measurement of serum
creatinine, differences between serum creatinine assays
affect their performance. Therefore, recent guidelines
suggest to use calcibrated serum creatinine values [33].
Our data clearly show that the use of the MDRD-6
formula reduced the center effect. Moreover, when using
the MDRD-6 formula and calibrated serum creatinine
values, there were no longer significant differences in attainment of PTH treatment targets between the centers.
From these findings we conclude that it is not always
valid to use the abbreviated MDRD formula instead of

the six-variable MDRD formula, especially in analyses in
which GFR plays a central role. Moreover, comparable
creatinine assays must always be used. Physicians should
be aware of the limitations of formulas for estimating
GFR, especially of the MDRD-4 formula, since this formula is extensively used (in The Netherlands and also in
many other countries).
Admittedly, although the results may be explained by
the better performance of the MDRD-6 formula as
measure of real GFR, we cannot exclude that other factors are involved. The MDRD-6 formula incorporates
serum albumin concentration. It is known that there is
an inverse relationship between plasma calcidiol levels
and magnitude of proteinuria, and thus hypoalbuminemia, because of loss of vitamin D metabolites and vitamin D binding protein in the urine in patients with
proteinuria [34,35]. Low plasma calcidiol levels are
related to higher PTH concentrations [36-39].
It is well known that hyperparathyroidism often persists for many years after kidney transplantation [40,41].
Treatment with vitamin D compounds is complicated,
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Table 4 Multivariate linear regression (backward) analyses on predictors of plasma (Ln)PTH level
eGFR calculated with

Model with or without
treatment center

Explained variance

Independent predictors

Linear regression-coefficient
[95% CI]

MDRD-4 before creatinine
conversion

Including treatment center

R2 = 0.42

Center

0.49 [0.31-0.68]

Kidney transplant

0.55 [0.33-0.78]

eGFR (MDRD-4)

−0.04 [−0.05 - -0.03]

Without treatment center

MDRD-6 before creatinine
conversion

MDRD-6 after creatinine
conversion

Including treatment center

2

R = 0.34
R2 = 0.45

Without treatment center

R2 = 0.40

Including treatment center

R2 = 0.45

Without treatment center

R2 = 0.44

Kidney transplant

0.72 [0.48-0.95]

eGFR (MDRD-4)

−0.04 [−0.04 - -0.03]

Center

0.36 [0.19-0.54]

Kidney transplant

0.54 [0.32-0.76]

eGFR (MDRD-6)

−0.04 [−0.05 - -0.03]

Kidney transplant

0.67 [0.46-0.89]

eGFR (MDRD-6)

−0.04 [−0.05 - -0.03]

Center

0.13 [−0.05-0.31]

Kidney transplant

0.54 [0.32-0.76]

eGFR (MDRD-6)

−0.03 [−0.04 - -0.03]

Kidney transplant

0.59 [0.38-0.79]

eGFR (MDRD-6)

−0.03 [−0.04 - -0.03]

The difference in R2 between the model with and without treatment center illustrates the contribution of the treatment center to the explained variance. The
linear regression coefficient reflects the association between the independent predictor and (Ln)PTH. eGFR is a very important determinant, since for every extra
ml filtration per minute, PTH decreases by three percent (based on the final model using MDRD-6 after creatinine conversion).
Ln: natural logarithm; PTH: parathyroid hormone (pmol/l); eGFR: estimated glomerular filtration rate (ml/min/1.73 m2); MDRD: modification of diet in renal disease;
CI: confidence interval.

since hyperparathyroidism in post-transplant patients is
usually associated with hypercalcemia [40]. Consequently, mean PTH level was higher in kidney transplant
recipients and only a smaller number of kidney transplant patients achieved the PTH treatment goal. In center A more kidney transplant recipients were treated
than in center B.
Insight and transparency in QoC is becoming more and
more important. Various indicators are used to assess hospital performance, for example attainment of treatment
targets, as in our study. Benchmarking has become a way
to compare and judge treatment centers. Ranking hospitals on the basis of performance indicators is supposed to
give health care professionals, insurance companies as
well as (associations of) patients insight in QoC. The
results of our study question the reliability of these rankings and other hospital performance comparisons.
There are several difficulties associated with hospital
performance comparisons: definitions are not always the
same [16,42], laboratory assays vary [18], data quality is
variable between hospitals and even within one hospital
[16,42,43]. Another problem is patient case mix
[16,18,42,43]. Patient age, race, severity of illness, and
comorbidity all influence the outcome of care. Retrospective risk adjustment can only partly adjust for all
these factors. There will always be additional residual
confounding [42,43]. Moreover, random variation has to
be taken into account [16,42-45]. Therefore, when describing results of hospital performance comparisons,

confidence intervals should be provided to give insight
into the influence of random variation [16,44]. The practice of summarizing several performance indicators in
one composite score adds to the unreliability of performance measures since small differences in methods
of constructing the composite score can have substantial
impact on the results [44]. Finally, whether performance
indicators provide a true reflection of QoC is questionable. Performance indicators represent mainly technical
aspects, while the humane side of health care and traditional components of caring, essential when talking
about QoC, are ignored [46,47].
A major limitation of our study is that we compared
only two hospitals. The extent to which the findings can
be generalized beyond the centers and cases studied, is
unknown. Another limitation is the lack of plasma calcidiol levels. Since plasma calcidiol and PTH are inversely
related [36-39], differences in calcidiol levels can have
important consequences for PTH concentrations. Other
unknown, and possibly influencing, factors are patient
compliance, FGF-23 levels, and dietary intake of calcium,
phosphate, protein and vitamin D, including over-thecounter vitamin pills.

Conclusions
In conclusion, the observed differences in hospital performance on PTH management between center A and
center B in patients with CKD are explained by incomparable patient populations and laboratory techniques,
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and use of the abbreviated MDRD formula to estimate
GFR. We propose the use of the MDRD-6 formula to estimate GFR in analyses when variables are critically
dependent on glomerular filtration rate. Our study
shows that great caution is required in interpreting the
results of hospital performance comparisons. Uncritical
use of these measures can result in treatment centers
being wrongly classified in terms of performance.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
PB en JW are principal investigators of the MASTERPLAN study, MD is the
local investigator. JW, AZ, and MP designed the study. JB and MP analysed
the data. Interpretation of data was done by JW, JB, and MP. MP drafted the
article, the other authors revised it. All authors read and approved the final
manuscript.
Acknowledgements
The MASTERPLAN study was supported by grants from the Dutch Kidney
Foundation (Nierstichting Nederland, number PV 01), and the Dutch Heart
Foundation (Nederlandse Hartstichting, number 2003 B261). Unrestricted
grants were provided by Amgen, Genzyme, Pfizer and Sanofi-Aventis.
We thank the nurse practitioners M. Boom and S. Mooren for their valuable
help.
Author details
1
Department of Nephrology, Radboud University Nijmegen Medical Centre,
Nijmegen, The Netherlands. 2Department of Internal Medicine, Canisius
Wilhelmina Hospital, Nijmegen, The Netherlands. 3Department of
Nephrology, University Medical Center Utrecht, Utrecht, The Netherlands.
Received: 23 January 2012 Accepted: 27 July 2012
Published: 6 August 2012
References
1. Foley RN, Parfrey PS, Sarnak MJ: Epidemiology of cardiovascular disease in
chronic renal disease. J Am Soc Nephrol 1998, 9(Suppl):S16–S23.
2. Muntner P, He J, Hamm L, Loria C, Whelton PK: Renal insufficiency and
subsequent death resulting from cardiovascular disease in the United
States. J Am Soc Nephrol 2002, 13:745–753.
3. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY: Chronic kidney disease
and the risks of death, cardiovascular events, and hospitalization. N Engl
J Med 2004, 351:1296–1305.
4. Block G, Port FK: Calcium phosphate metabolism and cardiovascular
disease in patients with chronic kidney disease. Semin Dial 2003,
16:140–147.
5. Lishmanov A, Dorairajan S, Pak Y, Chaudhary K, Chockalingam A: Elevated
serum parathyroid hormone is a cardiovascular risk factor in moderate
chronic kidney disease. Int Urol Nephrol 2012, 44:541–547.
6. Palmer SC, Hayen A, Macaskill P, Pellegrini F, Craig JC, Elder GJ, Strippoli GF:
Serum levels of phosphorus, parathyroid hormone, and calcium and
risks of death and cardiovascular disease in individuals with chronic
kidney disease: a systematic review and meta-analysis. JAMA 2011,
305:1119–1127.
7. Muntner P, He J, Astor BC, Folsom AR, Coresh J: Traditional and
nontraditional risk factors predict coronary heart disease in chronic
kidney disease: results from the atherosclerosis risk in communities
study. J Am Soc Nephrol 2005, 16:529–538.
8. Sarnak MJ, Coronado BE, Greene T, Wang SR, Kusek JW, Beck GJ, Levey AS:
Cardiovascular disease risk factors in chronic renal insufficiency. Clin
Nephrol 2002, 57:327–335.
9. Salusky IB, Goodman WG: Cardiovascular calcification in end-stage renal
disease. Nephrol Dial Transplant 2002, 17:336–339.
10. Moranne O, Froissart M, Rossert J, Gauci C, Boffa JJ, Haymann JP, M'Rad MB,
Jacquot C, Houillier P, Stengel B, Fouqueray B, and the NephroTest Study
Group: Timing of onset of CKD-related metabolic complications. J Am Soc
Nephrol 2009, 20:164–171.

Page 8 of 9

11. Levin A, Bakris GL, Molitch M, Smulders M, Tian J, Williams LA, Andress DL:
Prevalence of abnormal serum vitamin D, PTH, calcium, and phosphorus
in patients with chronic kidney disease: results of the study to evaluate
early kidney disease. Kidney Int 2007, 71:31–38.
12. National Kidney Foundation: K/DOQI clinical practice guidelines for bone
metabolism and disease in chronic kidney disease. Am J Kidney Dis 2003,
42(Suppl 3):S1–S201.
13. Moe SM, Drüeke TB, Block GA, Cannata-Andía JB, Elder GJ, Fukagawa M,
Jorgetti V, Ketteler M, Langman CB, Levin A, MacLeod AM, McCann L,
McCullough PA, Ott SM, Wang AY, Weisinger JR, Wheeler DC, Persson R,
Earley A, Moorthi R, Uhlig K: KDIGO clinical practice guideline for the
diagnosis, evaluation, prevention, and treatment of Chronic Kidney
Disease-Mineral and Bone Disorder (CKD-MBD). Kidney Int 2009,
76(Suppl 113):S1–S130.
14. Camp RC, Tweet AG: Benchmarking applied to health care. Jt Comm J
Qual Improv 1994, 20:229–238.
15. Jha AK, Li Z, Orav EJ, Epstein AM: Care in U.S. hospitals--the Hospital
Quality Alliance program. N Engl J Med 2005, 353:265–274.
16. Giard RW: Performance indicators as a measure of the quality of
medical care: rhetoric and reality. Ned Tijdschr Geneeskd 2005,
149:2715–2719.
17. De Nicola L, Minutolo R, Chiodini P, Zoccali C, Castellino P, Donadio C,
Strippoli M, Casino F, Giannattasio M, Petrarulo F, Virgilio M, Laraia E, Di Iorio
BR, Savica V, Conte G, on behalf of the TArget Blood Pressure LEvels in
Chronic Kidney Disease (TABLE in CKD) Study Group: Global approach to
cardiovascular risk in chronic kidney disease: reality and opportunities
for intervention. Kidney Int 2006, 69:538–545.
18. Dawnay A, Farrington K, Castledine C, van Schalkwyk D, Warwick G: UK
Renal Registry 12th Annual Report (December 2009): chapter 10:
biochemistry profile of patients receiving dialysis in the UK in 2008:
national and centre-specific analyses. Nephron Clin Pract 2010,
115(Suppl 1):c187–c237.
19. Arenas MD, Alvarez-Ude F, Gil MT, Soriano A, Egea JJ, Millan I, Amoedo ML,
Muray S, Carreton MA: Application of NKF-K/DOQI Clinical Practice
Guidelines for Bone Metabolism and Disease: changes of clinical
practices and their effects on outcomes and quality standards in three
haemodialysis units. Nephrol Dial Transplant 2006, 21:1663–1668.
20. van Zuilen AD, Blankestijn PJ, van Buren M, ten Dam MA, Kaasjager KA,
Ligtenberg G, Sijpkens YW, Sluiter HE, van de Ven PJ, Vervoort G, Vleming
LJ, Bots ML, Wetzels JF, and on behalf of the MASTERPLAN study group:
Quality of care in patients with chronic kidney disease is determined by
hospital specific factors. Nephrol Dial Transplant 2010, 25:3647–3654.
21. van Zuilen AD, Blankestijn PJ, van Buren M, ten Dam MA, Kaasjager KA,
Ligtenberg G, Sijpkens YW, Sluiter HE, van de Ven PJ, Vervoort G, Vleming
LJ, Bots ML, Wetzels JF: Hospital specific factors affect quality of blood
pressure treatment in chronic kidney disease. Neth J Med 2011,
69:229–236.
22. van Zuilen AD, Wetzels JF, Blankestijn PJ, Bots ML, van Buren M, ten Dam
MA, Kaasjager KA, van de Ven PJ, Vleming LJ, Ligtenberg G: Rationale and
design of the MASTERPLAN study: Multifactorial approach and superior
treatment efficacy in renal patients with the aid of nurse practitioners.
J Nephrol 2005, 18:30–34.
23. van Zuilen AD, van der Tweel I, Blankestijn PJ, Bots ML, van Buren M, ten
Dam MA, Kaasjager KA, van de Ven PJ, Vervoort G, Vleming LJ, Ligtenberg
G, Wetzels JF, and the MASTERPLAN study group: Multifactorial approach
and superior treatment efficacy in renal patients with the aid of nurse
practitioners. Design of The MASTERPLAN Study [ISRCTN73187232]. Trials
2006, 7:8.
24. Rejnmark L, Vestergaard P, Heickendorff L, Mosekilde L: Determinants of
plasma PTH and their implication for defining a reference interval. Clin
Endocrinol (Oxf ) 2011, 74:37–43.
25. Paik JM, Curhan GC, Forman JP, Taylor EN: Determinants of plasma
parathyroid hormone levels in young women. Calcif Tissue Int 2010,
87:211–217.
26. Levey AS, Greene T, Kusek JW, Beck GL: A simplified equation to predict
glomerular filtration rate from serum creatinine [abstract]. J Am Soc
Nephrol 2000, 11(Suppl 2):155.
27. 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, 130:461–470.

Peeters et al. BMC Nephrology 2012, 13:82
http://www.biomedcentral.com/1471-2369/13/82

28. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI,
Kusek JW, Eggers P, Van Lente F, Greene T, Coresh J: for the CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration): A new equation to
estimate glomerular filtration rate. Ann Intern Med 2009, 150:604–612.
29. Souberbielle JC, Boutten A, Carlier MC, Chevenne D, Coumaros G, LawsonBody E, Massart C, Monge M, Myara J, Parent X, Plouvier E, Houillier P:
Inter-method variability in PTH measurement: implication for the care of
CKD patients. Kidney Int 2006, 70:345–350.
30. Plantinga LC, Jaar BG, Fink NE, Sadler JH, Levin NW, Coresh J, Klag MJ, Powe
NR: Frequency of patient-physician contact in chronic kidney disease
care and achievement of clinical performance targets. Int J Qual Health
Care 2005, 17:115–121.
31. Branten AJ, Vervoort G, Wetzels JF: Serum creatinine is a poor marker of
GFR in nephrotic syndrome. Nephrol Dial Transplant 2005, 20:707–711.
32. Poge U, Gerhardt T, Palmedo H, Klehr HU, Sauerbruch T, Woitas RP: MDRD
equations for estimation of GFR in renal transplant recipients. Am J
Transplant 2005, 5:1306–1311.
33. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S, Kusek
JW, Van Lente F: Using standardized serum creatinine values in the
modification of diet in renal disease study equation for estimating
glomerular filtration rate. Ann Intern Med 2006, 145:247–254.
34. Goldstein DA, Oda Y, Kurokawa K, Massry SG: Blood levels of
25-hydroxyvitamin D in nephrotic syndrome. Studies in 26 patients. Ann
Intern Med 1977, 87:664–667.
35. Mittal SK, Dash SC, Tiwari SC, Agarwal SK, Saxena S, Fishbane S: Bone
histology in patients with nephrotic syndrome and normal renal
function. Kidney Int 1999, 55:1912–1919.
36. Krall EA, Sahyoun N, Tannenbaum S, Dallal GE, Dawson-Hughes B: Effect of
vitamin D intake on seasonal variations in parathyroid hormone
secretion in postmenopausal women. N Engl J Med 1989, 321:1777–1783.
37. Gloth FM 3rd, Gundberg CM, Hollis BW, Haddad JG Jr, Tobin JD: Vitamin D
deficiency in homebound elderly persons. JAMA 1995, 274:1683–1686.
38. Dawson-Hughes B, Harris SS, Dallal GE: Plasma calcidiol, season, and
serum parathyroid hormone concentrations in healthy elderly men and
women. Am J Clin Nutr 1997, 65:67–71.
39. Gonzalez EA, Sachdeva A, Oliver DA, Martin KJ: Vitamin D insufficiency and
deficiency in chronic kidney disease. A single center observational study.
Am J Nephrol 2004, 24:503–510.
40. Reinhardt W, Bartelworth H, Jockenhovel F, Schmidt-Gayk H, Witzke O,
Wagner K, Heemann UW, Reinwein D, Philipp T, Mann K: Sequential
changes of biochemical bone parameters after kidney transplantation.
Nephrol Dial Transplant 1998, 13:436–442.
41. Evenepoel P, Claes K, Kuypers D, Maes B, Bammens B, Vanrenterghem Y:
Natural history of parathyroid function and calcium metabolism after
kidney transplantation: a single-centre study. Nephrol Dial Transplant
2004, 19:1281–1287.
42. Lilford R, Mohammed MA, Spiegelhalter D, Thomson R: Use and misuse of
process and outcome data in managing performance of acute medical
care: avoiding institutional stigma. Lancet 2004, 363:1147–1154.
43. Powell AE, Davies HT, Thomson RG: Using routine comparative data to
assess the quality of health care: understanding and avoiding common
pitfalls. Qual Saf Health Care 2003, 12:122–128.
44. Jacobs R, Goddard M, Smith PC: How robust are hospital ranks based on
composite performance measures? Med Care 2005, 43:1177–1184.
45. van Dishoeck AM, Looman CW, van der Wilden-van Lier EC, Mackenbach JP,
Steyerberg EW: Displaying random variation in comparing hospital
performance. BMJ Qual Saf 2011, 20:651–657.
46. Feinstein AR: Is "quality of care" being mislabeled or mismeasured? Am J
Med 2002, 112:472–478.
47. Peabody FW: The care of the patient. JAMA 1927, 88:877–882.
doi:10.1186/1471-2369-13-82
Cite this article as: Peeters et al.: Differences between hospitals in
attainment of parathyroid hormone treatment targets in chronic kidney
disease do not reflect differences in quality of care. BMC Nephrology
2012 13:82.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

