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ORIGINAL ARTICLE

Association of Mineral Bone Disorder With Decline in
Residual Kidney Function in Incident Hemodialysis
Patients
Yu-Ji Lee,1,2 Yusuke Okuda,1 John Sy,3 Yoshitsugu Obi,1 Duk-Hee Kang,1,4 Steven Nguyen,1

Jui Ting Hsiung,1 Christina Park,1 Connie M Rhee,1 Csaba P Kovesdy,5,6 Elani Streja,1 and
Kamyar Kalantar-Zadeh1

1Harold Simmons Center for Kidney Disease Research and Epidemiology, Division of Nephrology and Hypertension, University of California Irvine
Medical Center, Orange, CA, USA

2Division of Nephrology, Department of Medicine, Samsung Changwon Hospital, Sungkyunkwan University School of Medicine, Changwon,
Korea

3Nephrology Section, VA Long Beach Healthcare System, Long Beach, CA, USA
4Division of Nephrology, Department of Internal Medicine, Ewha Womans University College of Medicine, Ewha Medical Research Center, Seoul,
Korea

5Division of Nephrology, Department of Medicine, University of Tennessee Health Science Center, Memphis, TN, USA
6Nephrology Section, Memphis Veterans Affairs Medical Center, Memphis, TN, USA

ABSTRACT
Abnormalities of mineral bone disorder (MBD) parameters have been suggested to be associated with poor renal outcome in predia-
lysis patients. However, the impact of those parameters on decline in residual kidney function (RKF) is uncertain among incident
hemodialysis (HD) patients. We performed a retrospective cohort study in 13,772 patients who initiated conventional HD during
2007 to 2011 and survived 6 months of dialysis. We examined the association of baseline serum phosphorus, calcium, intact parathy-
roid hormone (PTH), and alkaline phosphatase (ALP) with a decline in RKF. Decline in RKF was assessed by estimated slope of renal
urea clearance (KRU) over 6 months from HD initiation. Our cohort had a mean � SD age of 62 � 15 years; 64%were men, 57%were
white, 65% had diabetes, and 51% had hypertension. The median (interquartile range [IQR]) baseline KRU level was 3.4 (2.0,
5.2) mL/min/1.73 m2. The median (IQR) estimated 6-month KRU slope was −1.47 (−2.24, −0.63) mL/min/1.73 m2 per 6 months. In lin-
ear regression models, higher phosphorus categories were associated with a steeper 6-month KRU slope compared with the refer-
ence category (phosphorus 4.0 to <4.5 mg/dL). Lower calcium and higher intact PTH and ALP categories were also associated with
a steeper 6-month KRU slope compared with their respective reference groups (calcium 9.2 to <9.5 mg/dL; intact PTH 150 to
<250 pg/mL; ALP <60 U/L). The increased number of parameter abnormalities had an additive effect on decline in RKF. Abnormalities
of MBD parameters including higher phosphorus, intact PTH, ALP and lower calcium levels were independently associated with
decline in RKF in incident HD patients. © 2019 American Society for Bone and Mineral Research. © 2019 American Society for Bone
and Mineral Research.

KEY WORDS: PHOSPHORUS; RESIDUAL KIDNEY FUNCTION; PARATHYROID HORMONE; ALKALINE PHOSPHATASE; HEMODIALYSIS

Introduction

Loss of residual kidney function (RKF) among hemodialysis
(HD) patients is associated with reduced survival, worsened

anemia, malnutrition, and inflammation.(1–5) Over the past
decade, more patients are initiating HD with a higher RKF and
there is evidence suggesting beneficial effects of RKF on clinical

outcomes in HD patients.(3,5–8) However, RKF declines at the fast-
est rate within the first several months after initiating dialy-
sis.(9,10) Hence, preserving RKF has recently become an
important therapeutic goal for patients starting dialysis.(5,6,8,11)

While it is well known that mineral bone disorder in chronic
kidney disease (CKD-MBD) parameters results from loss of RKF,
CKD-MBD may lead to further loss of RKF in a positive feedback
loop, increasing morbidity and mortality in predialysis and
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dialysis patients.(12–17) The presence of hyperphosphatemia and
secondary hyperparathyroidism (SHPT) has been shown to result
in vascular calcifications, which in turn leads to advancedmortal-
ity and ischemic heart disease.(18–21) These vascular calcifications
can also contribute to renal insufficiency in the setting of
impaired renal blood flow, leading to further nephron damage.
In addition, SHPT has been associated with decreased myocar-
dial contractility, impaired insulin sensitivity, and glucose intoler-
ance, which all may contribute to CKD progression.(22–25) There is
also evidence that low serum calcium may be associated with
progression of renal failure associated with vitamin D
deficiency.(26–29) Furthermore, abnormal levels of vitamin D and
fibroblast growth factor-23 (FGF-23), factors related to CKD-
MBD homeostasis, may also play a role in renal damage.(30,31)

Over the last 20 years, there have been many advances in the
treatment of CKD-MBDwith the goal of decreasingmortality and
improving cardiovascular health. It is still debatable whether tar-
geting correction of CKD-MBD laboratory values is an adequate
surrogate outcome for mortality and morbidity risks, but current
guidelines continue to recommend achievement of target labo-
ratory goals to mitigate these risks.(32) Keeping this limitation in
mind, only one study has assessed the association between
CKD-MBD lab abnormalities and loss of RKF among dialysis
patients.(33) In a Dutch study of 1468 incident HD and peritoneal
dialysis (PD) patients, Noordzij and colleagues found that disor-
dered mineral metabolism was neither associated with the risk
of becoming anuric nor with the rate of decline in RKF in dialysis
patients.(33) The results of this study were surprising given exist-
ing animal models suggesting that serum phosphorous abnor-
malities may be responsible for an inflammatory reaction in the
kidney leading to interstitial fibrosis and tubular atrophy with
progressive loss of RKF.(34,35) Additionally, studies have also
shown that phosphorous may cause direct nephrotoxicity, and
elevated phosphorous levels can lead to calcium-phosphate
crystal deposition in the nephron.(34,35) The null association find-
ings in Noordzij’s small study may be related to the crossing of
phosphorus or calcium stratified RKF decline trajectories within
several months after dialysis initiation(33) and the fact that RKF
usually declines at the fastest rate within the first several months
after dialysis initiation. Given these contradictory findings, we
hypothesized that the abnormalities of MBD parameters after ini-
tiation of dialysis could affect early decline in RKF. Therefore, our
study aims to investigate the associations between the CKD-
MBD lab abnormalities (specifically phosphorous, calcium, para-
thyroid hormone [PTH], and alkaline phosphatase [ALP]) and
the rate of decline in RKF among a large cohort of incident HD
patients over the span of 6 months after dialysis initiation.

Materials and Methods

Subjects and data collection

We conducted a retrospective analysis of deidentified, incident,
adult (18 years or older) conventional HD patients who main-
tained dialysis treatments for at least 60 consecutive days in a
large dialysis organization in the United States between January
2007 and December 2011. Patients were followed from dialysis
initiation until transplantation, discontinuation of dialysis, death,
loss of follow-up, or December 31, 2011. Patient-quarters were
made by dividing the follow-up time for each patient into
91-day periods from date of first dialysis. Conventional HD
patients were defined as patients who received in-center HD
and did not receive other dialysis modalities including nocturnal

HD, peritoneal dialysis, home HD, less-frequent HD (≤2 times per
week), or frequent HD (>3 times per week) for at least 45 days
within the first patient-quarter. Patients with missing data on
phosphorus and renal urea clearance (KRU) at baseline were
excluded. We further excluded patients with a null value on
baseline KRU and missing data on KRU at the third patient-
quarter.

Demographic factors (age, sex, race/ethnicity, and primary
insurance), cause of end-stage renal disease (ESRD), comorbid-
ities (diabetes, hypertension, congestive heart failure, and car-
diovascular disease), and laboratory variables (hemoglobin,
albumin, phosphorus, calcium, intact PTH, ALP, and normalized
protein catabolic rate [nPCR]) were obtained from data sets of
the dialysis provider. Blood samples were collected predialysis.
Because laboratory values were measured monthly except intact
PTH (at least quarterly) and hemoglobin (more frequently), we
averaged results within each patient-quarter to minimize mea-
surement variability and utilized the first patient-quarter values
as their baseline.

The study was approved by the Institutional Review Commit-
tee of the University of California, Irvine and exempted from
informed consent.

Exposures and outcomes

The primary exposure was baseline serum phosphorus level,
which we divided into eight exposure categories (<3.5, 3.5 to
<4.0, 4.0 to <4.5, 4.5 to <5.0, 5.0 to <5.5, 5.5 to <6.0, 6.0 to <6.5,
and ≥6.5 mg/dL). The primary outcomewas a decline in RKF after
6 months from dialysis initiation. This was assessed using the
slope of the KRU curve over time to determine rate of decline
in RKF.

As secondary exposures, we assessed the association of other
parameters of CKD-MBD including calcium, intact PTH, and ALP
with 6-month KRU slope. We adjusted serum calcium levels for
serum albumin levels and stratified the adjusted calcium levels
into six categories (<8.4, 8.4 to <8.7, 8.7 to <9, 9 to <9.2, 9.2 to
<9.5, and ≥9.5 mg/dL), intact PTH into six categories (<150,
150 to <250, 250 to <300, 300 to <400, 400 to <500, and
≥500 pg/mL), and ALP into six categories (<60, 60 to <75, 75 to
<90, 90 to <105, 105 to <120, and ≥120 U/L). Serum albumin-
adjusted calcium concentration (mg/dL) was calculated as
[(4-serum albumin (g/dL)] × 0.8 + total serum calcium (mg/dL)
when the serum albumin level was less than 4.0 g/dL. KRU was
calculated using the formula below, adjusted for body surface
area and expressed as mL/min/1.73 m2.(36)

KRU mL=minð Þ

=
Urinary urea nitrogen mg

dL

� �
× urinary volume mLð Þ

collected time minð Þ× 0:9× serum urea nitrogen mg
dL:

� �� �

Statistical methods

For the baseline characteristics, continuous demographic, clini-
cal, and laboratory variables were expressed as mean
(� standard deviation [SD]) or median (interquartile range
[IQR]) as appropriate. Nominal variables were expressed as pro-
portions. The significance of trends across phosphorus catego-
ries were determined using a linear regression analysis or a
nonparametric trend test, as appropriate.
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We estimated KRU slope over the first 6 months from dialysis
initiation in patients with at least the quarterly average KRU in
the first and third patient-quarters (� the second KRU patient-
quarter) using a linear mixed-effects model allowing for a ran-
dom intercept and slope and using an unstructured covariance
matrix. To evaluate the association of categorized parameters
of MBD with 6-month KRU slope, we performed a linear regres-
sion analysis. Four hierarchical models were examined: (1) an
unadjusted; (2) a case mix-adjusted model that included age,
sex, race/ethnicity (white, African American, Hispanic, or other),
primary insurance (Medicare, Medicaid, or other), cause of ESRD
(diabetes, hypertension, glomerulonephritis, or other), and
comorbidities (diabetes, hypertension, congestive heart failure,
and cardiovascular disease); (3) an expanded case mix-adjusted
model that additionally included baseline KRU; and (4) a fully
adjustedmodel that included all of the above variables plusmax-
imal change in systolic blood pressure (SBP) (predialysis SBP—
lowest SBP during HD), body mass index (BMI), hemoglobin,
albumin, nPCR, ultrafiltration volume (UFV), and weekly interdia-
lytic weight gain (IDWG) as well as MBD parameters other than
the exposure of interest (ie, phosphorus, calcium, intact PTH,
and ALP). nPCR was calculated taking into account RKF.(37)

A restricted cubic spline model with four knots was used for
examining the association of the outcome with MBD parameters
as continuous variables. For sensitivity analysis, to examine the
association of serum phosphorus with another surrogate marker
of RKF, we assessed 6-month change in urine volume using a lin-
ear regression model adjusted for covariates. Hemoglobin, albu-
min, calcium, intact PTH, ALP, and nPCR hadmissing data (<1.0%
for all variables). Baseline missing data were imputed using mul-
tiple imputation with five imputed data sets in a linear regression
model.

To assess the effect modifications by age, nutritional status,
baseline RKF, and fluid status on the association of phosphorus
with 6-month KRU slope, we performed likelihood ratio testing
by adding an interaction term between phosphorus and each

of the covariates (age, serum albumin, baseline KRU, UFV, and
IDWG) to the linear regression model, and then did subgroup
analyses with categories of phosphorus <3.5, 3.5 to <5.5 (refer-
ence), and ≥5.5 mg/dL according to age (≥70 or <70 years old),
serum albumin (≥3.8 or <3.8 g/dL), baseline KRU (≥3 or <3 mL/
min/1.73 m2), UFV (≥2.0 or <2.0 L), and weekly IDWG (≥6%
or <6%).

Similarly, we evaluated the association of 6-month KRU slope
with the number of abnormalities (zero, one, two, or three) in
MBD parameters including phosphorus, calcium, and intact
PTH using linear regression analyses. Abnormal phosphorus, cal-
cium, and intact PTH concentrations were defined as levels of
serum phosphorus <3.5 or >5.5 mg/dL, calcium <8.4 or
>9.5 mg/dL, and intact PTH < 150 or >300 pg/mL, respectively.
The PTH cut-off was based on targets recommended in the
2003 Kidney Disease Outcomes Quality Initiative (K/DOQI) guide-
lines.(38) All statistical analyses were conducted using STATA,
version 13.1 (StataCorp LP, College Station, TX, USA).

Results

Patient characteristics

We identified 41,768 incident HD patients with data on baseline
serum phosphorus and KRU from 147,273 patients who were
assigned to conventional HD. After further excluding patients
with a null value on baseline KRU (n = 173) and missing data
on KRU at the third patient-quarter (n = 27,996), we finally
included 13,772 patients (Supplemental Fig. S1). Our cohort
had a mean � SD age of 62 � 15 years; 64% were men, 57%
were white, 25% were African American, 65% had diabetes,
and 51% had hypertension (Table 1). The mean � SD baseline
phosphorus and calcium levels were 5.0 � 1.1 mg/dL and
9.1 � 0.5 mg/dL, respectively. The median (IQR) of baseline
intact PTH, ALP, and KRU levels were 310 (204, 467) pg/mL,
83 (66, 107) U/L, and 3.4 (2.0, 5.2) mL/min/1.73 m2, respectively.

Fig. 1. The association of baseline serum phosphorus levels with 6-month renal urea clearance (KRU) slope among 13,772 incident hemodialysis patients.
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Association of phosphorus with an estimated slope of KRU

The median (IQR) of estimated 6-month KRU slope was −1.47
(−2.24, −0.63) mL/min/1.73 m2 per 6 months. In linear regres-
sionmodels, higher phosphorus categories were associated with
steeper 6-month KRU slope (ie, greater decline in RKF) (Fig. 1).
The association between phosphorus as a continuous variable
and 6-month KRU slope was also robust in restricted cubic spline
models (Supplemental Fig. S2).

In subgroup analyses, the association between serum phos-
phorus and decline in RKF was not modified by nutritional status
assessed by serum albumin (Pinteraction = 0.273); phosphorus
<3.5 mg/dL was associated with a gentler KRU slope and phos-
phorus ≥5.5 mg/dL was associated with a steeper KRU slope
compared with phosphorus 3.5 to <5.5 mg/dL. Subgroup ana-
lyses according to UFV (Pinteraction = 0.07) and weekly IDWG (Pin-
teraction = 0.54) also showed consistent results. However, the
association of phosphorus and decline in RKF was modified by
age (Pinteraction < 0.001) and baseline KRU (Pinteraction < 0.001),
whereas the association of lower phosphorus with a gentle
KRU slope was modestly attenuated among patients over the
age of 70 years old and with baseline KRU < 3 mL/
min/1.73 m2 (Fig. 2).

Sensitivity analyses using 6-month change in urine
volume as another index of RKF

The median (IQR) of baseline urine volume was 900 (500, 1400)
mL/d, and the mean � SD change in urine volume after
6 months was−171 � 637 mL/d. Higher phosphorus levels were
associated with greater loss in urine volume after 6 months com-
pared with the reference (Fig. 3). The highest phosphorus group
(≥6.5 mg/dL) had 221 mL loss in urine volume after 6 months
compared with the reference group (phosphorus 4.0 to
<4.5 mg/dL).

Association of calcium, intact PTH, and ALP with an
estimated slope of KRU

Lower calcium categories were associated with a greater decline
in RKF after 6 months from HD initiation compared with the ref-
erence category (calcium 9.2 to <9.5 mg/dL) (Fig. 4A).

Fig. 4B shows unadjusted and adjusted beta coefficients (βs)
and 95% confidence intervals (CIs) of 6-month KRU slope associ-
ated with intact PTH categories (n = 13,729). Compared with
intact PTH 150 to <250 pg/mL, intact PTH levels ≥400 pg/mL
were associated with a steeper KRU slope, even after adjustment
for phosphorus, calcium, and ALP. Higher ALP was also associ-
ated with a faster decline in RKF; compared with ALP <60 U/L,
higher ALP categories were associated with a greater magnitude
of 6-month KRU slope in the fully adjusted model (Fig. 4C).

In restricted cubic spline models, the associations between
continuous calcium, intact PTH, and ALP and 6-month KRU slope
were still robust (Supplemental Fig. S3).

The association of the number of phosphorus, calcium,
and intact PTH abnormalities with 6-month KRU slope

Compared with patients with normal values for all three MBD
parameters (calcium, phosphorus, and intact PTH), a higher num-
ber of abnormal parameters was associated with a greater
decline in RKF; the fully adjusted βs (95% CI) of 6-month KRU
slope were 0.09 (0.01–0.17), 0.23 (0.15–0.32), and 0.31

(0.19–0.43) at the number of abnormal parameters of one, two,
and three, respectively (Fig. 5).

Discussion

In this study, we demonstrated that higher serum phosphorus
levels were associated with greater decline in RKF during
6 months post dialysis initiation among HD patients. We also
found that higher intact PTH and ALP and lower serum calcium
levels were associated with a greater decline in RKF. Further-
more, the greater number of MBD parameters deviating from
guideline-recommended concentrations was associated with a
steeper 6-month KRU slope.

Our findings showing the association between hyperpho-
sphatemia and poor renal outcome in HD patients are in line
with those of previous animal researches and studies of

Fig. 2. Overall and subgroup analyses of association between baseline
serum phosphorus levels and 6-month renal urea clearance (KRU) slope
in the fully adjusted model. Points and bars represent beta coefficients
and 95% confidence intervals, respectively. Reference is serum phospho-
rus 3.5 to <5.5 mg/dL. UFV = ultrafiltration volume; IDWG = interdialytic
weight gain.
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Fig. 3. The association of baseline serum phosphorus levels with 6-month change in urine volume among 13,772 incident hemodialysis patients.

Fig. 4. The association of 6-month renal urea clearance (KRU) slope with serum calcium (A), intact parathyroid hormone (B), and alkaline phosphatase (C)
in incident hemodialysis patients.
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predialysis CKD patients.(17,34,35) Interestingly, contrary to intui-
tion that a higher serum calcium concentration would be associ-
ated with a rapid decline in RKF, there is some evidence of the
association between lower serum calcium and rapid CKD pro-
gression among nondialysis patients with CKD.(26,27,39) However,
the association between serum calcium and decline in RKF was
uncertain in HD patients. In this study, we observed that lower
serum calcium levels were associated with more rapid decline
in RKF among incident HD patients. These results remained
robust even after adjusting for other MBD parameters and base-
line RKF. The potential mechanism explaining the association of
hypocalcemia with poor renal outcomes is unclear. However, pre-
vious studies have suggested that vitamin D deficiency resulting
in hypocalcemia may be associated with CKD progression. Low
levels of 25-hydroxyvitamin D3 or 1,25-dihydroxyvitamin D3 were
associated with increased risk for ESRD in advanced CKD
patients.(28,29)

Contrary to our results, which showed a significant association
of serum phosphorus and calcium with decline in RKF, the study
by Noordzij and colleagues did not demonstrate that distur-
bance of serum phosphorus and calcium leads to a faster decline
in RKF among dialysis patients.(33) The discrepancies between
their results and ours may be related to cohort differences. In
Noordzij’s study of 1468 HD patients, more than 40% of HD
patients had no significant comorbidity and had relatively low
prevalence of diabetic kidney disease (16%), which may have
implications for the decline rate of RKF in their cohort. Moreover,
because only 7% of 899 HD patients had serum calcium levels
<8.4 mg/dL in their study (versus 1261 [9.2%] in the present
study), the effect of hypocalcemia on RKF could not have been
properly revealed.

With regard to PTH and SHPT, our study showed that higher
PTH values were associated with a greater decline in RKF. Inter-
estingly, Noordzij’s study suggested an opposing association in

which high PTH values were associated with a decreased risk of
becoming anuric.(33) Based upon the 2017 KDIGO guidelines for
CKD-MBD that recommend maintaining PTH values 2 to 9 times
the upper limit of normal, the results of our study would suggest
that although there does not appear to be any difference in mor-
tality outcomes with maintaining elevated PTH values, the asso-
ciation with decreased RKF may result in other comorbid
conditions.(32)

Although ALP is typically less utilized in assessing CKD-MBD
markers compared with our other more established markers
(ie, calcium, phosphorus, and intact PTH), serum ALP is usually
elevated in dialysis patients with high-turnover bone disease.(40)

ALP has been associated with coronary artery and other vascula-
ture calcifications potentially leading to a decrease in RKF.(41,42)

Our study results are in line with this hypothesis and show that
higher ALP levels are associated with a greater decline in RKF.
Therefore, early monitoring of ALP levels upon dialysis initiation
may be helpful for not only evaluating bone disease but also pre-
dicting RKF decline.

In our study, abnormalities in all three traditional CKD-MBD
markers were associated with greater RKF loss in HD patients.
These results may suggest a need for more comprehensive man-
agement of MBD in HD patients, or alternatively may reflect
problems in adherence to dialysis treatments and phosphorous
binders in HD patients. The latter being an area that we were
unable to assess and adjust for and is thereby one of the limita-
tions of our study.

There are several other limitations to be mentioned in our
study. First, although we adjusted for potential confounders in
our investigation of the association between MBD parameters
and decline in RKF, residual confounding may remain. Patients
with a disordered mineral metabolism at dialysis initiation
may be in poor health, necessitating aggressive interventions
including fluid overload and stringent volume control. The

Fig. 5. The association of number of phosphorus, calcium, and intact PTH abnormalities with 6-month slope of KRU among 13,772 incident hemodialysis
patients.
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combination of poor health and aggressive interventions may
be associated with a decline in RKF. However, high phosphorus
levels were independently associated with a decline in RKF
even after adjusting for UFV and weekly IDWG (markers of fluid
overload). Moreover, when we repeated the analysis with a
focus on 6 to 12 months post-initiation of dialysis, the associa-
tion between high phosphorus and decline in RKF had a similar
trend suggesting that the mechanism of injury resulting in the
decline in RKF continues over time and is not a phenomenon
limited to the 6-month period after dialysis initiation
(Supplemental Fig. S4). Second, potential selection bias intro-
duced by the inclusion of only patients with KRU data at base-
line and the third patient-quarter may be another limitation of
our study. Patients who have little or no RKF at baseline and
have rapid loss of RKF are less likely to collect their urine output
to measure KRU, which might result in the exclusion from this
study. However, in additional analyses looking at those who
were included and excluded in the study due to lack of RKF
data, there were no remarkable differences in baseline charac-
teristics potentially suggesting that they were missing at ran-
dom (Supplemental Table S1). Third, we calculated KRU with
predialysis serum urea concentration according to the
approach by Daugirdas and colleagues.(36) This method may
cause concern that KRU can be underestimated. However, a
recent study by Obi and colleagues compared KRU equations
and found that KRU estimates from dividing urinary urea nitro-
gen by 0.9 × predialysis serum urea nitrogen had a lower
degree of bias compared with an equation that used the aver-
age of serum urea nitrogen values at the start and end of the
urine collection period.(43) Furthermore, as we recognize that
increased protein intake can also raise both phosphorus and
serum urea nitrogen levels potentially strengthening the associ-
ation between high phosphorus levels and RKF, we attempted
to address this limitation by adjusting for nutritional status as
assessed by albumin levels and nPCR. The relationship between
phosphorus and decline in RKF remained robust despite adjust-
ment for albumin and nPCR, suggesting that there may be a
true association between phosphorus and a decline in RKF. Not-
withstanding some limitations, our results put forward evidence
that controlling abnormal MBD parameters is important for the
preservation of RKF in incident HD patients.

In conclusion, higher phosphorus, higher intact PTH, higher
ALP, and lower calcium levels were independently associated
with greater decline in RKF in incident HD patients. Our results
highlight the potential benefit of MBD parameter control for
the preservation of RKF of patients when initiating HD. Further
clinical trials are needed to confirm and elucidate a causal effect
of MBD parameters on RKF among incident HD patients.
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