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Chapter 8

Abstract

Background: Obesity is associated with secondary hyperparathyroidism in
the general population. It is unknown whether BMI affects PTH level and its

association with mortality in dialysis patients.

Methods: From a prospective cohort study of incident dialysis patients in the
Netherlands (NECOSAD), we selected all patients with recorded BMI and PTH at
3 months (baseline) after the start of dialysis (n=1628, age 59+15yr, BMI 24.7+4.1
kg/m?, median PTH 13.0 (IQR 5.3-29.0) pmol/l). We assessed associations
between BMI and PTH at baseline and between their changes over 3 months by
linear regression analyses. The effect of the changes in PTH on all-cause mortality
during a subsequent mean follow-up of 3.2 £ 2 years was assessed by Cox

regression analyses.

Results: Median PTH levels at baseline were lowest in underweight patients (10.2
pmol/1), followed by normal weight (12.1 pmol/1), overweight (14.0 pmol/1) and
obese patients (17.5 pmol/1). The associations were similar in diabetic and non-
diabetic patients. A >5% decrease in BMI (n=101) over 3 months was accompanied
by a 26% decrease in PTH (PTH_, 0.74; p=0.039), whereas a =5% increase in
BMI (n=143) was associated with an 11% increase in PTH (PTH__ 1.11; p=0.026).
Compared to patients with stable PTH levels, patients with decreasing PTH in the
presence of weight loss showed a 2-fold higher mortality (HR 2.02, 95% CI 1.45-
2.83; p<0.001), in contrast to those with decreasing PTH in the absence of weight

ratio

loss.

Conclusions: PTH is associated with BMI and its longitudinal changes in dialysis
patients, both in patients with and without diabetes mellitus. A decrease in PTH
in the presence of weight loss was associated with a high mortality. Low and
decreasing PTH levels may be symptoms of wasting, and should be considered

with caution in dialysis patients.
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Introduction

Disturbances of mineral metabolism are common in patients undergoing
maintenance dialysis. Secondary hyperparathyroidism develops early in the
progression of chronic kidney disease (CKD) and worsens with advanced
stages of the disease'®. A variety of complications may develop, including
bone demineralization, soft tissue and vascular calcification, anemia, cognitive
dysfunction, and muscle and skin complaints®. Furthermore, high levels of
parathyroid hormone (PTH) have been found associated with an increased
mortality in patients with chronic kidney disease”.

On the other hand, mineral disorders may also occur with low levels of PTH. In
this context, adynamic bone disease has been reported as an important and serious
complication' 2. It has been shown that also low levels of PTH are associated with
an increased mortality in dialysis patients’®'®. The pathophysiology thereby is not
clear, pointing out the need to identify risk factors that lead to alterations in PTH

metabolism and associated mortality risk.

Nutritional status may impact on PTH metabolism, since obesity has been found
related to increased levels of PTH in the general population'®® and in pre-dialysis
patients”. It is unknown whether obesity is a risk factor for high PTH levels in
dialysis patients. In contrast, dialysis patients suffer to a considerable extent from
wasting, which is a complex process of muscle loss, poor food intake, inflammation
and the development of comorbidities®. Underweight, frequently observed in
patients with the wasting syndrome, has been shown to be associated with a
high mortality in dialysis patients*. Considering the interrelations between body
mass index and mineral metabolism in the general population, it is speculated
that underweight and weight loss may result in low levels of PTH. This, in turn,
may have a different impact on mortality as compared to low levels of PTH that
are unrelated to wasting and either physiologic or intentionally achieved by

medication.
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The aim of this study was threefold. First, to investigate the association of BMI
with levels of PTH in end-stage renal disease patients starting dialysis; second to
assess the relation of longitudinal changes in BMI with changes in PTH; and third
to assess the potential impact of changing PTH on mortality in dialysis patients,
analyzing data of a prospective multicenter cohort study of incident dialysis

patients in the Netherlands.

Subjects and methods

Study Design

NECOSAD is an observational prospective follow-up study in which incident
dialysis patients have been enrolled in 38 participating dialysis centers since 1997
in The Netherlands. Study visits took place at the start of dialysis, at 3 months, 6
months, and subsequently at 6 months intervals until the date of loss to follow-up
(death, kidney transplantation, or transfer to a non-participating dialysis center)
or the end of the follow-up at January 1, 2007. Baseline demographic and clinical
data were obtained between four weeks prior to and two weeks after the start of
long-term dialysis treatment. Blood and 24-hour urine samples were obtained at
all visits.

For the present analysis, baseline is defined as 3 months after the start of dialysis

treatment, when the patients’ fluid and metabolic conditions had stabilized.

Patients

Patients with ESRD who were at least 18 years old and started long-term dialysis
therapy for the first time were invited to participate in NECOSAD.

Inthe presentanalysis, all patients with recorded height, weight, and measurements
of PTH at 3 months after initiation of dialysis were included. The medical ethical
committees of the participating centers approved the study, and all patients gave

their written informed consent before inclusion.
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Data collection

Demographic and clinical data included age, sex, ethnicity, smoking habits,
primary kidney disease and comorbidity. Primary kidney diseases and causes
of death were classified according to the coding system of the European Renal
Association — European Dialysis and Transplant Association (ERA-EDTA).
Diagnoses of comorbid conditions were reported by the patients nephrologists
and used to calculate the comorbidity score according to Khan. Plasma calcium,
phosphorus, intact PTH and albumin were measured at 3 and at 6 months after
the initiation of dialysis by standard laboratory techniques in the different centers.
Plasma calcium concentrations were corrected for the albumin concentrations.
Height and weight were measured after dialysis sessions, and BMI was calculated
as weight (kilograms) divided by height (meters) squared. Blood pressure was

measured in sitting position.

Statistical analyses

Mean values with standard deviations (SD) were calculated for continuous
variables, and median values with interquartile range (IQR) as appropriate.
Categorical variables were expressed as proportions. Body mass index at baseline
was categorized into four groups, with obesity being defined as a BMI =30 kg/
m? and overweight as a BMI between 25 and 30 kg/m? Because of the lack of
appropriate standards for dialysis patients®, normal weight was defined as a BMI
between 20 and 25 kg/m? (reference group), and underweight as less than 20 kg /
m?.
First, we assessed the association of BMI with PTH at baseline using linear
regression analyses. Levels of PTH were logarithmically transformed and used
as the dependent variable. The analyses were adjusted for age, sex, primary
kidney disease, dialysis modality, diabetes mellitus, cardiovascular disease, and
levels of calcium and phosphate. Since BMI is generally higher, and PTH lower in
diabetic patients as compared to non-diabetic patients, we investigated potential
effect modification by the disease and repeated the analyses in strata of diabetes
mellitus. Second, we performed longitudinal analyses of the relation between
BMI and PTH. We calculated the relative change in BMI from 3 months (baseline)
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until the next available follow-up visit at 6 months (BMI,_ /BMI ). This time

baseline
period was examined in line with the suggestions by an expert panel to assess
clinically meaningful changes in weight®. Accordingly, we divided the patients
into 3 categories: patients with a decreasing BMI =5%, patients with a stable BMI
5%, and patients with an increasing BMI =5%. Similarly, we assessed the relative
change in PTH from baseline (PTH6m /PTH

then used to assess the association of the change in BMI with the change in PTH,

basaling)- LiN€AT regression analyses were
and adjusted for the confounders mentioned above. Finally, we investigated the
potential impact of this association on mortality in dialysis patients. Death rates
according to the change in PTH from baseline (tertiles) were determined by Cox
regression analyses, under consideration of changes in weight. In particular, we
evaluated patients with decreasing PTH according to the presence or absence
of weight loss. Hazard ratios and 95% confidence intervals were calculated for
analyses, which were performed both univariately, and adjusted for confounders.

Statistical analyses were performed with SPSS version 16.0.

Results

Patients

A total of 1916 patients with ESRD who started long-term dialysis and were
included, still participated in NECOSAD at 3 months after the initiation of dialysis
therapy (baseline). Of 1724 patients presenting with recorded height and weight,
1628 patients had measurements of PTH available at baseline and were included
in the present analysis. Mean age of the patients was 59 + 15 years, mean BMI was
24.7 + 4.1 kg/m?, and median PTH was 13.0 (IQR 5.3 - 29.0 pmol/1).

With higher BMI at baseline, more patients had diabetes and cardiovascular
disease, and fewer patients had renal vascular diseases as primary kidney disease
(Table 1). The percentage of male patients was smaller in underweight and in

obese patients compared to patients with normal weight.
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Table 1: Baseline patient characteristics, presented per BMI category; study population
n=1628

Characteristic BMI (kg/m?)
<20 20-25 25-30 >30
(n=153) (n=819) (n=499) (n=157)
Age years 54.4 (18.1) 59.5 (15.8) 61.0 (13.0) 59.9 (12.9)
Gender % men 47.1 64.8 64.9 41.4
Dialysis modality % HD 71.2 62.8 60.1 66.2
BMI kg/m? 18.7 (1.0) 22.7 (1.4) 27.1(1.4) 33.4 (3.3)
Primary kidney disease
Diabetes mellitus % 11.8 10.6 18.6 40.1
Glomerulonephritis % 11.1 14.3 15.2 9.6
Renal vascular disease % 15.7 20.6 15.4 12.1
Comorbidity
Diabetes mellitus % 16.7 15.9 26.4 50.3
Cardiovascular Disease % 27.3 35.0 36.9 38.1
Comorbidity Khan score
Low % 40.5 41.3 35.1 24.8
Intermediate % 31.4 31.3 38.1 427
High % 28.1 275 26.9 32.5
Systolic blood pressure mmHg 146 (25) 149 (24) 150 (23) 151 (24)
Diastolic blood pressure mmHg 83 (15) 83 (14) 83 (13) 83 (13)
Albumin g/dL 3.5(0.6) 3.6 (0.5) 3.7 (0.5) 3.6 (0.5)
Calcium mmol/L 2.4 (0.3) 2.4 (0.3) 2.4(0.2) 2.4 (0.3)
Phosphate mmol/L 1.8 (0.6) 1.8 (0.6) 1.8 (0.5) 1.8 (0.5)

Values are presented as means (SD) or %.

To convert serum cholesterol in mg/dL to mmol/L, multiply by 0.02586; albumin in g/dL
to g/L, multiply by 10;

Abbreviations: BMI = body mass index; HD = hemodialysis; BP = blood pressure;

* Numbers include patients who have diabetes mellitus as their primary kidney disease.

Association of BMI with PTH

Median PTH levels at baseline were lowest in underweight patients (10.2 pmol /1),
followed by normal weight (12.1 pmol/l), overweight (14.0 pmol/1) and obese
patients (17.5 pmol/1). The PTH levels as derived from adjusted linear regression
analyses were significantly higher by 51% in obese patients and by 18% in
overweight patients as compared to patients with normal weight. In line with
this, PTH levels were 18% lower in underweight as compared to normal weight

patients. The associations were similar in the analyses stratified for diabetes
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mellitus, whereby overweight and obese patients with the disease generally had
lower levels of PTH than patients without the disease. The levels of PTH and

differences over the categories of BMI are shown in Table 2.

Table 2: Baseline PTH and adjusted differences in PTH over categories of BMI; n=1628

BMI (kg/m?)
<20 20-25 25-30 >30
(n=153) (n=819) (n=499) (n=157)
Whole study population
Baseline PTH (IQR) pmol/L 10.2 (4.8-23.4) 12.1 (4.9-27.0) 14.0 (5.4-30.8) 17.5 (8.9-38.6)
adjusted’ difference in PTH -18% 0* +18% +51%
P-value 0.04 0.01 <0.001
With Diabetes mellitus
Baseline PTH (IQR) pmol/L 10.7 (4.2-19.5) 12.5 (5.4-24.7) 11.0 (5.0-28.8) 15.6 (8.2-34.1)
adjusted* difference in PTH % -15% 0* +21% +35%
P-value 0.48 0.15 0.04

Without Diabetes mellitus
Baseline PTH (IQR) pmol/L 10.0 (5.0-24.0) 12.1 (4.7-28.0) 16.0 (5.8-31.0) 18.6 (9.8-43.0)

adjusted* difference in PTH % -19% 0* +17% +66%
P-value 0.06 0.03 <0.001

* Patients with a body mass index = 20 and < 25 were used as the reference group.

1 Adjustments were made for age, sex, primary kidney disease, dialysis modality, diabetes
mellitus, cardiovascular disease, calcium and phosphate levels.

# Adjustments were made for age, sex, primary kidney disease, dialysis modality,
cardiovascular disease, calcium and phosphate levels.

Longitudinal changes of BMI and PTH

Of all 1628 patients with available BMI and PTH at baseline, a total of 1437 had
both measurements also available at the subsequent follow-up visit, taking place
at 6 months after the initiation of dialysis. These were included in the longitudinal
analyses. Median PTH at follow-up was 11.7pmol/1. Patients with a stable BMI
(ratio BMI > 0.95 <1.05, n=1197) showed stable PTH levels (PTH6m /
0.91). A =5% decrease in BMI (n=101) was accompanied by a 26% decrease in
PTH (PTH,_ /. . 0-74; p=0.039), whereas a =5% increase in BMI (n=143) was
associated with an 11% increase in PTH (PTH, _ / 1.11; p=0.026), (Figure 1).

In stratified analyses, patients with diabetes mellitus showed a decrease in

6m /baseline baseline

baseline
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median PTH levels from 12.7 pmol/L at baseline to 9.5 pmol/L at follow-up. In
contrast, the median PTH levels in patients without diabetes mellitus did not
meaningfully alter, being 13.0 pmol/L at baseline and 12.0 pmol/L at follow-
up. The longitudinal associations between changes in BMI and PTH applied to
both groups (diabetic and non-diabetic patients), and were more pronounced in

diabetic patients (Figure 1).

201
10+ Hl whole group
0- “ E non-diabetics

.-. [ diabetics

-10-

Relative change in PTH (%)
(PTHBm" PTHbaseIine}

-204
-30-
-404
-50- — Relative change in BMI (%)
(BMIGm"! BMIbaseIine)
>5% decrease stable >5% increase

n=101 n=1193 n=143

Figure 1: Relative change in PTH levels (PTH ) in groups of BMI change

6m / baseline:

(decreasing / stable / increasing BMI)

Mortality risks of changing BMI and PTH

Patients were divided into tertiles according to the relative change in PTH from
baseline (PTH,_/, ,..)- The tertiles corresponded to a PTH ratio of <0.64 (tertile
1, n=479), PTH ratio of >0.64 < 1.20 (tertile 2, n=479), and a PTH ratio >1.20 (tertile
3, n=479). The majority of the patients with significant weight loss (58 out of the
101 patients with a decrease in BMI =5%) were among the lowest tertile of PTH
change. These patients were subgrouped separately. Compared to patients with
stable PTH (tertile 2), those with decreasing PTH in the presence of weight loss
(n=58) had a 2 fold increased mortality (HR 2.02, 95% CI 1.45-2.83), while patients
with decreasing PTH in the absence of weight loss (n=479-58=421) were not at
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increased risk of death (HR 0.94, 95% CI 0.76-1.15). The results persisted after
multivariable adjustments. Additional analyses revealed that the risks of death
for patients with decreasing PTH due to weight loss was highest in the short term,
being considered as the subsequent half year following the observed changes in
PTH and BMI (data not shown). The results of all survival analyses are shown in
Table 3 and Figure 2.

A All-cause mortality

—— PTH Tertile1
—— PTH Tertile2
———PTH Tertile3

Cumulative survival
(%)

L]
05 1 2 3 4 5
Years

o =

Figure 2 A: Kaplan-Meier curves for all-cause mortality in tertiles of the relative change
in PTH from baseline (PTH, /baseﬁne).

Tertile 1 = decreasing PTH (PTHratio <0.64, n=479);

Tertile 2 = stable PTH (PTHratio >0.64 <1.20; n=479);

Tertile 3 = increasing PTH (PTHratio >1.20, n=479);
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B All-cause mortality
100 ===<PTH Tertile1 with
= weight loss
> 804 L
> —— PTH Tertile1 without
1 .
S weight loss
7] 60+
EES —— PTH Tertile2
kS 40-
= ——— PTH Tertile3
g 204
o -
c L L) L L} L) L}
05 1 2 3 4 5 6

Figure 2 B: Kaplan-Meier curves for all-cause mortality in tertiles of the relative change

in PTH from baseline (PTH , differentiating the tertile 1 with decreasing PTH

6m/baseline)
levels according to the presence or absence of weight loss.
Tertile 1 = decreasing PTH, and presence of weight loss (n=58)
Tertile 1 = decreasing PTH, and absence of weight loss (n=421)
Tertile 2 = stable PTH (n=479)

Tertile 3 = increasing PTH (n=479)
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Table 3: Mortality (Hazard ratio and 95% CI) according to the change in PTH from
baseline; n=1437

Tertiles of PTH change (ratio PTH

6m /base]inc)

Model Tertile 1 Tertile 2 Tertile 3
PTH ratio <0.64 PTH ratio PTH ratio >1.20
n=479 >0.64 <1.20 n=479
n=479
Crude 1.04 (0.86-1.27) 1 0.92 (0.76-1.13)
p=0.66 p=0.44
Adjusted’ 1.02 (0.84-1.24) 1 1.09 (0.88-1.36)
p=0.82 p=0.42
With weight loss ~ Without weight loss
n=58 n=421
Crude 2.02 (1.45-2.83) 0.94 (0.76-1.15) 1 0.92 (0.76-1.13)
p<0.001 p=0.53 p=0.44
Adjusted’ 1.54 (1.09-2.18) 0.95 (0.77-1.17) 1 1.08 (0.87-1.34)
p=0.015 p=0.61 p=0.47

*Patients with a PTH ratio >0.64 <1.20 were used as the reference group.
* Adjustments were made for age, sex, primary kidney disease, dialysis modality, diabetes
mellitus, cardiovascular disease, calcium and phosphate levels.

DISCUSSION

In this prospective cohort study of incident dialysis patients, BMI was associated
with PTH atbaseline. Underweight patients had the lowest levels of PTH, followed
by normal weight, overweight and obese patients. Furthermore, longitudinal
changes in BMI over 3 months of follow-up were paralleled by longitudinal
changes in PTH. Weight loss during follow-up was accompanied by decreases in
PTH, while weight gain resulted in increases of PTH. Considering decreases in
PTH, the relation with BMI strongly affected outcome: Compared to patients with
stable PTH levels, patients with decreasing PTH due to weight loss had a >2fold
higher risk of death, while those with decreasing PTH in the absence of weight

loss did not.
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Obesity has been shown to be a risk factor for secondary hyperparathyroidism
in the general population’®. Similarly, a higher BMI was found to be associated
with higher PTH levels in men with chronic kidney disease not yet on dialysis'.
In line with this, our study extends the previous findings, showing that the
association of high BMI with PTH also holds true for the dialysis population, and
in particular applies to both diabetic and non-diabetic patients. This is important,
as diabetic patients usually present with higher weight, but lower PTH levels than
non-diabetic patients®. Our findings therefore show that weight similarly relates
to PTH in both patient groups and does not play a major role in explaining the

differences in PTH levels between diabetic and non-diabetic patients.

The mechanisms underlying the association between BMI and PTH are not yet
known in detail. One possible link may be 25 (OH) vitamin D levels, which were
shown to be lower in persons with higher BMI in the general population!® 1 2>
%, Patients with a high BMI possibly experience less sun exposure due to lower
mobility and clothing habits, leading to a lower bioavailability of vitamin D*
%, In addition, obesity potentially results in a higher storage of vitamin D in
adipose tissue, furthermore contributing to lower circulating levels of vitamin
D. In this context, one study measuring body composition by dual-energy
x-ray absorptiometry showed total body fat even better than BMI related to
hyperparathyroidism, suggesting fat cells to play a main role for vitamin D
availability’®. Finally, a higher body weight may impose a greater strain on the
skeleton, potentially resulting in decreased skeletal responses to the actions of

PTH. This in turn, may lead to compensatory higher PTH levels.

Furthermore, we showed that underweight was related to low PTH levels and
that weight loss was paralleled by a decrease in PTH. These data extend results
from prior studies in the general population, where weight loss achieved by
intestinal bypass surgery in obese people was shown to lower their PTH levels?.
Importantly, this present observation in renal patients may provide a link to
explain why low levels of PTH were related to an increased mortality in some

previous studies of dialysis patients'*'®. In contrast to intentional weight loss in
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the studies of the general population?, partly achieved by dietary or surgical
interventions, weight loss in patients with chronic kidney disease most likely
occurs unintentionally in the context of wasting. Wasting is common in patients
with CKD or ESRD, and represents a severe and complex process of muscle
loss, poor food intake, inflammation and the development of comorbidities. The
decrease in PTH, accompanying the weight loss, may be interpreted as a symptom
of an underlying “illness” (wasting), which is associated with a high mortality®.
Thus, decreasing PTH resulting in a high rate of death may -in the presence of

weight loss- represent a surrogate of the wasting process®.

This proposed link between wasting and low and decreasing PTH levels can be
supported by further evidence. Wasting was found to be associated with adynamic
bone disease' 1> 3 Furthermore, inflammation, which often accompanies the
wasting syndrome, has in vitro been shown to suppress PTH*> . Finally, leptin as
a key anorexigenic hormone potentially involved in wasting, was shown to have

antiosteogenic properties and to decrease bone mass*.

While decreasesin PTHmay be warranted in the contextofintentionalinterventions,
e.g. by medication, decreasing PTH cannot generally be considered favorable.
Our study shows that for the evaluation and treatment of bone metabolism in
dialysis patients, it is therefore especially important to consider nutritional status
among the reasons for decreases in PTH. These may completely different relate
to outcome, depending on the circumstances, such as the concurrent presence or

absence of weight loss.

Potential limitations of our study need to be acknowledged. We did not have
information on Vitamin D levels, which potentially may provide further insight
into the mechanisms underlying the associations seen. The measurements of PTH
were not centrally performed, but by various first-generation immunometric
PTH assays depending on the different participating centres. With central
measurements, the associations could even have been stronger. Despite the

measurements in several laboratories however, we still were able to detect the
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presented effects. Finally, due to the observational design, causality cannot be
inferred.

The strengths of this study include the favorable design of incident dialysis
patients reducing selection, the high number of participants, and the longitudinal
measures of BMI and PTH.

In conclusion, PTH is associated with BMI and its longitudinal changes in dialysis
patients, both in patients with and without diabetes mellitus. PTH decreased with
weight loss, being associated with a high mortality. Low and decreasing PTH
levels may be symptoms of wasting, and should be considered with caution in

dialysis patients.
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