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ABSTRACT

Background. Diabetic patients on haemodialysis have a higher risk of mortality than non-diabetic patients. The aim of this COSMOS
(Current management of secondary hyperparathyroidism: a multicentre observational study) analysis was to assess whether bone
and mineral laboratory values [calcium, phosphorus and parathyroid hormone (PTH)] contribute to this risk.

Methods. COSMOS is a multicentre, open-cohort, 3-year prospective study, which includes 6797 patients from 227 randomly selected
dialysis centres in 20 European countries. The association between mortality and calcium, phosphate or PTH was assessed using Cox
proportional hazard regression models using both penalized splines smoothing and categorization according to KDIGO guidelines.
The effect modification of the association between the relative risk of mortality and serum calcium, phosphate or PTH by diabetes
was assessed.

Results. There was a statistically significant effect modification of the association between the relative risk of mortality and serum
PTH by diabetes (P = .011). The slope of the curve of the association between increasing values of PTH and relative risk of mortality
was steeper for diabetic compared with non-diabetic patients, mainly for high levels of PTH. In addition, high serum PTH (>9 times
the normal values) was significantly associated with a higher relative risk of mortality in diabetic patients but not in non-diabetic
patients [1.53 (95% confidence interval 1.07-2.19) and 1.17 (95% confidence interval 0.91-1.52)]. No significant effect modification of
the association between the relative risk of mortality and serum calcium or phosphate by diabetes was found (P = .2 and P = .059,
respectively).

Conclusion. The results show a different association of PTH with the relative risk of mortality in diabetic and non-diabetic patients.
These findings could have relevant implications for the diagnosis and treatment of chronic kidney disease-mineral and bone disorders.

Keywords: chronic kidney disease-mineral and bone disorders (CKD-MBD), diabetes, haemodialysis, mortality, PTH
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GRAPHICAL ABSTRACT

Mineral and bone metabolism markers and mortality

in diabetic patients on haemodialysis

High and low levels of calcium,
phosphorus, and parathyroid
hormone (PTH) have been
associated with a greater risk of
mortality in patients with CKD and
this association could differ between
diabetic and non-diabetic patients
on HD.
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Current management Of
Secondary hyperparathyroidism:
a Multicentre Observational Study
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KEY LEARNING POINTS

High PTH (9 x normal)

Results

: —_—
53% increase in

mortality risk for
patients with diabetes

High serum PTH was associated with an increase risk of mortality in diabetic,
but not in non-diabetic patients: a novel finding that should be taking into
account in the diagnosis and management of CKD-MBD.

What was known:

in patients with chronic kidney disease.

diabetic and non-diabetic patients.
This study adds:

Potential impact:

e Diabetic patients on haemodialysis are at a higher risk of mortality than non-diabetic patients.
e High and low levels of calcium, phosphorus and parathyroid hormone (PTH) have been associated with a greater risk of mortality

e To our knowledge, the association between these bone metabolism markers and mortality has not been analysed separately in

e The present analysis of COSMOS shows, for the first time, a significant different association between serum PTH and the relative
risk of mortality between diabetic and non-diabetic patients on haemodialysis.
¢ In diabetic patients with high serum PTH, the relative risk of mortality was greater compared with non-diabetic patients.

* The findings of the present study suggest that the targets for serum PTH should be different in diabetic and non-diabetic patients.
e According to the present results, the control of hyperparathyroidism should be stricter in diabetic patients on haemodialysis.

INTRODUCTION

Diabetes is the most common cause of chronic kidney disease
(CKD) that needs renal replacement therapy [1], accounting for
close to 50% of such patients in recent international studies [2, 3].

CKD-mineral and bone disorders (CKD-MBD) are non-
traditional cardiovascular risk factors [4] defined as a systemic
disorders characterized by laboratory abnormalities [calcium,
phosphate, parathyroid hormone (PTH) or vitamin D], bone
and/or vascular alterations or other soft tissue calcification [5, 6].
Many studies have shown that both high and low levels of serum
calcium, phosphate and PTH are associated with an increased
risk of mortality [7-14]. In CKD patients, the abnormalities of

these laboratory values have been implicated in increasing
vascular calcification [15, 16].

Diabetes is considered a traditional risk factor for cardiovascu-
lar events and mortality in dialysis patients [4]; in fact, diabetic
patients on haemodialysis have double the relative risk of all-
cause and cardiovascular mortality versus non-diabetic patients
[17]. In addition, diabetes is associated with a higher prevalence
of vascular calcification [18, 19], especially in peripheral arteries
[20, 21], regardless of mineral and bone metabolism abnormali-
ties and time on dialysis [21]. Diabetic patients also have other
risk factors that negatively impacting morbidity and mortality,
such as anincreased inflammation [21] and inadequate glycaemic
control [22].
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Diabetic patients have lower PTH [23] than non-diabetic pa-
tients, however the association of this abnormality, and others dis-
turbances in classical laboratory values of CKD-MBD, such as cal-
cium, phosphate and the relative risk of mortality, have not been
studied in large-scale epidemiological studies.

The objective of this analysis of COSMOS (Current manage-
ment of secondary hyperparathyroidism: a multicentre observa-
tional study) was to evaluate the association of serum calcium,
phosphate and PTH with the relative risk of mortality in diabetic
and non-diabetic patients on haemodialysis.

MATERIALS AND METHODS
Study design

COSMOS is a multicentre, open-cohort, 3-year prospective study
which includes 6797 patients from 227 randomly selected dial-
ysis centres in 20 European countries, which aimed to survey
CKD-MBD in haemodialysis. Detailed description of the study has
been previously reported [14, 24-27]. The study was designed to
represent the European haemodialysis population. Both, dialysis
centres and 20 adult patients by centre with no previous kidney
transplant were randomly selected within each participating
country. The number of patients by country was proportional to
the haemodialysis population of each country [24]; 4500 patients
were randomly recruited for the study. In addition, 2297 patients
new on haemodialysis (<1 year), were also recruited to replace
those that were lost to follow-up for any reason, achieving a total
number of 6797 patients.

At baseline, each centre completed a web form with 27 ques-
tions and 185 items, including demographics, comorbidities (dia-
betes and others), treatments and laboratory values for the pre-
vious 6 months (serum PTH, phosphate, calcium, albumin and
haemoglobin) [26]. Every 6 months, outcomes, treatments and lab-
oratory values for the previous 6 months were collected. At base-
line and every 6 months, mean values of the monthly laboratory
values were calculated.

The serum PTH values (N = 31700) were corrected by the
PTH assay used [28]. The number of PTH values by PTH assays
were: Elecsys PTH Roche (8934, 28.2%), Immulite 2000-intact PTH
(4522, 14.2%), ELISA-PTH (3072, 9.7%), PTH IRMA Immunotech
(1446, 4.6%), PTH AdviaCentaur Bayer (1510, 4.8%), Total-intact
PTHIRMA (1377,4.3%), Intact PTH advantage (1008, 3.2%), Allegro-
intact PTH (986, 3.1%), LIAISON N-tact PTH (691, 2.2%), TOSOH
ATA-PACK Intact PTH (344, 1.1%), N-tact PTH IRMA (355, 1.1%),
PTH-ACS 180 Bayer (310, 1.0%) and BioIntact PTH advantage (151,
0.5%). The serum PTH values were converted to the most fre-
quently assay used, the Elecsys PTH. In those centres not reporting
the exact PTH assay but reporting that they used Biointact PTH,
the serum PTH was multiplied by 1.95 (1401, 4.4%). The remaining
serum PTH values were not corrected and used as reported by the
centres (5600, 17.7%).

The Ethics Committee of the University Hospital Doctor Peset
approved the study (approval number 05/054, Valencia, Spain),
and the research was conducted according to principles of the
Declaration of Helsinki. All patients provided their informed con-
sent for participation in the study.

Statistical analysis

Data were described using mean [standard deviation (SD)] and
median [interquartile range (IQR)] for normally and non-normally
distributed variables and percentages for categorical variables. Di-
abetic and non-diabetic patients were compared by using Stu-

dent’s t-test, Mann-Whitney U-test (numeric variables) or Chi-
squared test (categorical variables) as appropriate.

The outcome was all-cause mortality and the exposure serum
levels of calcium, phosphate or PTH. Cox proportional hazard
regression models with penalized splines smoothing was used
to analyse the association between the relative risk of death
and serum calcium, phosphate and PTH. The use of this method
allows modelling of non-linear relationships without categoriza-
tion of serum values of calcium, phosphate and PTH. Akaike
information criterion was used for the selection of smoothing
laboratory values in penalized splines models. Three different
progressive multivariate models were used to adjust hazard ratios
including the following variables. Model 1: age, sex, body mass
index (BMI), smoking habit, time on haemodialysis, aetiology of
CKD, diabetes, cardiovascular disease, parathyroidectomy and
calcification (valvular, vascular or calciphylaxis). Model 2: vari-
ables from Model 1 plus calcium concentration in the dialysate,
hours of haemodialysis per week, prescription of erythropoiesis-
stimulating agents (ESAs), vitamin D metabolites/analogues
(calcitriol, alfacalcidol or paricalcitol), native vitamin D or
calcidiol, calcimimetics and phosphate binding agents (PBAs:
calcium-containing PBAs, sevelamer, aluminium-containing
PBAs, lanthanum carbonate or other PBAs). Model 3: variables
from Model 2 plus haemoglobin, albumin, serum calcium, phos-
phate and PTH. Serum calcium, phosphate and PTH were consid-
ered as time-dependent variables as well as parathyroidectomy in
Model 1; likewise all treatments in Model 2 and laboratory values
in Model 3. In multivariate models, the facility for stratification
was used.

The effect modification of the association between the rel-
ative risk of mortality and serum calcium, phosphate or PTH
by diabetes was assessed. Additionally, serum PTH levels were
categorized according to the ranges recommended by the KDIGO
guidelines of 2009 as follows: <130, 130-585 and >585 pg/mL.
Cox regression was used to analyse the association between
serum PTH and mortality, using as reference the intermediate
category 130-585 pg/mL of serum PTH. Progressive multivariate
models were used as detailed above. R software for statistical
computing and graphics (version 4.2.2; R Foundation for Sta-
tistical Computing, Vienna, Austria) was used for all statistical
analysis.

RESULTS

The present analysis includes 6306 patients (92.7% of the whole
COSMOS cohort), 4373 non-diabetic and 1933 diabetic patients, for
whom follow-up data and accurate information on their diabetic
status were confirmed. Mean time of follow-up was 23.5 months
(median 24), 23.8 in non-diabetic and 22.8 in diabetic patients;
1642 patients died (652 diabetic patients), 642 were transplanted
(111 diabetic patients), 239 were referred to other haemodialysis
units (68 diabetic patients), 23 switched to peritoneal dialysis (8
diabetic patients) and 52 left the study for other reasons (11 dia-
betic patients). Overall, the mortality rate was 13.3 deaths per 100
patient-years, which was higher in diabetic compared with non-
diabetic patients: 17.8 vs 11.4. The global cardiovascular mortality
rate was 5.9 deaths per 100 patient-years, also higher in diabetic
than non-diabetic patients (9.0 vs 4.6).

The main baseline patient characteristics are detailed in
Table 1. At baseline, diabetic patients were 30.7% of the whole co-
hort, they were older, with fewer smokers, higher BMI, more fre-
quent history of cardiovascular disease and lower frequency of
parathyroidectomies. The hours of haemodialysis per week was
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Table 1: Main baseline characteristics of patients included in the study.

Overall Non-diabetics Diabetics P-value

N 6306 4373 1933
Sex = male [n (%)] 3831 (60.8) 2635 (60.3) 1196 (61.9) 236
Age (years) [mean (SD)] 64.0 (14.4) 62.8 (15.3) 66.7 (11.7) <.001
BMI (kg/m?) [mean (SD)] 25.3(5.1) 24.5 (4.5) 27.3(5.6) <.001
Current smokers = yes [n (%)] 878 (13.9) 641 (14.7) 237 (12.3) .012
CVD history = yes [n (%)] 4540 (72.1) 2934 (67.2) 1606 (83.1) <.001
Parathyroidectomy = yes [n (%)] 308 (4.9) 278 (6.4) 30 (1.6) <.001
Months on HD [mean (SD)] 38.9 (49.5) 44.2 (55.0) 26.9 (30.8) <.001
Hours of dialysis per week [mean (SD)] 12.0(2.1) 12.0 (2.1) 12.1(2.1) .049
Type of dialysis [n (%)] 433

Low-flux 3409 (54.1) 2380 (54.5) 1029 (53.2)

High-flux 2340 (37.1) 1600 (36.6) 740 (38.3)

Others 554 (8.8) 390 (8.9) 164 (8.5)
Calcium concentration in dialysate [n (%)] 158

2.5 mEq/L 1676 (29.7) 1163 (30.0) 513 (29.2)

3.0 mEg/L 2863 (50.8) 1940 (50.0) 923 (52.5)

3.5 mEq/L 1098 (19.5) 777 (20.0) 321 (18.3)
Patients prescribed PBAs = yes [n (%)] 5360 (85.1) 3771 (86.4) 1589 (82.3) <.001
Patients prescribed VDRAs = yes [n (%)] 2993 (47.5) 2117 (48.5) 876 (45.4) .025
Patients prescribed calcimimetics = yes [n (%)] 388 (6.2) 299 (6.9) 89 (4.6) .001
Patients prescribed ESAs = yes [n (%)] 5595 (90.6) 3872 (90.4) 1723 (90.9) .586
Phosphorus (mg/dL) [mean (SD)] 5.4 (1.4) 5.4 (1.5) 5.3 (1.3) 281
Calcium (mg/dL) [mean (SD)] 9.1(0.7) 9.1(0.8) 9.0(0.7) <.001
PTH (pg/mL) [median (IQR)] 208.3 (107.5, 378.0) 213.7 (109.8, 403.4) 195.2 (105.4, 333.6) 001
Albumin (g/dL) [mean (SD)] 3.8 (0.5) 3.8 (0.5) 3.7 (0.5) <.001
Haemoglobin (g/dL) [mean (SD)] 11.4 (1.4) 11.4 (1.4) 11.4 (1.3) 501

HD: hemodialysis; CVD: cardiovascular disease.

slightly but significantly higher. The percentage of patients who
were prescribed drugs to correct bone and mineral abnormali-
ties, such as PBAs, vitamin D receptor activators (VDRAs) and cal-
cimimetics, was lower in diabetic patients. There were no signif-
icant differences in serum phosphate or haemoglobin levels, but
diabetic patients showed significantly lower serum levels of cal-
cium, PTH and albumin.

A statistically significant effect modification of the association
between the relative risk of mortality and serum PTH by diabetes
was found (Fig. 1, P = .011). The slope of the curve of the associa-
tion between increasing PTH values and the relative risk of mor-
tality was steeper for diabetic compared with non-diabetic pa-
tients, mainly for high levels of PTH (=400 pg/mL). By contrast,
there were no significant differences in the effect modification of
the association between the relative risk of mortality and serum
calcium or phosphate by diabetes (Supplementary data, Figs S1
and S2).

The association between serum PTH and mortality categorized
according to KDIGO-recommended targets is shown in Table 2. In
all patients, the fully adjusted model (Model 3) showed that both
low (<130 pg/mL) and high (>585 pg/mL) PTH levels were asso-
clated with an increased relative risk of all-cause mortality (16%
and 23%, respectively) (Table 2A), compared with serum PTH lev-
els of 130-585 pg/mL. High serum PTH (>585 pg/mL) remained sig-
nificantly associated with all-cause mortality in diabetic patients
[1.53 (95% confidence interval 1.07-2.19), Table 2B] but this was
not the case for non-diabetic patients [1.17 (95% confidence inter-
val 0.91-1.52), Table 2C].

DISCUSSION

The present study showed differences in the association be-
tween serum PTH and the relative risk of mortality among dia-

betic and non-diabetic patients. In diabetic patients, it was ob-
served that the higher the serum PTH, the greater the mor-
tality risk. By contrast, no association was observed between
serum calcium and phosphate and the relative risk of mortal-
ity. The effect modification by diabetes using penalized splines
smoothing showed that the slopes of the association between
serum PTH and mortality risk were different in diabetic and non-
diabetic patients. Furthermore, the serum PTH range in which
the minimum relative risk of mortality was observed was nar-
rower in diabetic patients compared with non-diabetic subjects.
These findings were consistent after categorizing the serum PTH
according to the recommended targets of the KDIGO clinical
guidelines.

In CKD, diabetes has been associated with low serum PTH lev-
els [29], poor glycaemic control and high HbAlc, which negatively
correlated with serum PTH [29, 30]. Also, autonomic nervous sys-
tem dysfunction and low and high magnesium has been shown to
be involved in the low serum PTH levels observed in diabetic pa-
tients [31-34]. In the present analysis of COSMOS, median serum
PTH levels were lower in diabetic than in non-diabetic patients,
although differences did not seem clinically relevant (195.2 vs
213.7 pg/mL). The differences in serum PTH could have been
greater if the number of parathyroidectomized patients had been
similar in both groups. Instead, 278 parathyroidectomies were per-
formed in non-diabetic patients, and only 30 (9-fold fewer) in dia-
betic patients. In addition to the significantly lower need for surgi-
cal parathyroid surgery, fewer drugs were needed to control serum
PTH in diabetic patients, including PBAs, VDRAs and calcimimet-
ics (Table 1).

Multiple reasons may explain the greater mortality in diabetic
patients on haemodialysis, which in our study was 56% higher
than in non-diabetic patients. Inflammation is a relevant factor
in the pathogenesis of diabetes and could worsen the prognosis
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Figure 1: Association between serum PTH and relative risk of mortality using penalized splines smoothing in diabetic and non-diabetic patients. The
left panels show the relative risk of mortality (top) and the observations density (bottom) in non-diabetic patients. The right panels show the relative
risk of mortality (top) and the observations density (bottom) in diabetic patients. The middle panels show the comparison between diabetic and
non-diabetic patients. The relative risk of mortality was adjusted by age, sex, BMI, smoking habit, time on HD, aetiology of CKD, diabetes,
cardiovascular disease, parathyroidectomy, HD type, calcium in the dialysate, hours of HD per week, ESAs, VDRAs, native vitamin D or calcidiol, PBAs,
calcimimetics, haemoglobin, albumin, serum calcium and serum phosphate. Shaded area represents the 95% confidence interval. The reference
[hazard ratio (HR) = 1] was the serum PTH with the minimum log(HR) in diabetics and non-diabetics, respectively. Arrows shows the range of serum
PTH with the minimum mortality risk. HD: haemodialysis.

Table 2: Multivariate analysis of the association between serum PTH categorized according to KDIGO recommended targets and mor-
tality; the intermediate category (130-585 pg/mL) was used as reference (HR = 1.00).

Serum PTH (pg/mL)

<130 130-585 >585

Model Number of patients Number of deaths HR (95% CI) Reference HR (95% CI)
(A) All patients

Unadjusted 6220 1614 1.53 (1.37-1.70) 1.00 0.92 (0.78-1.08)

Model 1 6209 1613 1.40 (1.24-1.57) 1.00 1.13 (0.94-1.34)

Model 2 5950 1536 1.32 (1.16-1.49) 1.00 1.28 (1.06-1.54)

Model 3 5570 1409 1.16 (1.01-1.32) 1.00 1.23 (1.01-1.49)
(B) Diabetics

Unadjusted 1919 645 1.46 (1.23-1.72) 1.00 1.13 (0.87-1.46)

Model 1 1918 644 1.37 (1.13-1.67) 1.00 1.38 (1.02-1.88)

Model 2 1836 619 1.38 (1.12-1.71) 1.00 1.57 (1.13-2.17)

Model 3 1707 568 1.21 (0.96-1.52) 1.00 1.53 (1.07-2.19)
(C) Non-diabetics

Unadjusted 4301 969 1.57 (1.37-1.80) 1.00 0.87 (0.71-1.07)

Model 1 4291 969 1.44 (1.24-1.69) 1.00 1.09 (0.87-1.58)

Model 2 4114 917 1.31(1.11-1.56) 1.00 1.25 (0.98-1.58)

Model 3 3863 841 1.19 (0.99-1.44) 1.00 1.17 (0.91-1.52)

Multivariate adjustments; Model 1: age, sex, BMI, aetiology of chronic kidney disease, time on haemodialysis, smoking habit, diabetes, cardiovascular disease history,
bone fracture history in the previous 12 months, vascular or valvular calcification and parathyroidectomy. Model 2: Model 1 plus dialysis type, calcium concentration
in the dialysate, hours of haemodialysis per week, treatment with ESAs, prescription of vitamin D metabolites/analogues, native vitamin D or calcidiol, PBAs. Model
3: Model 2 plus haemoglobin, albumin, PTH and calcium.

HR: hazard ratio.

of diabetic patients [35]. Also, among CKD-MBD laboratory val- differences between diabetic and non-diabetic patients on
ues, low or high serum PTH levels have been extensively identified haemodialysis.

as drivers of bone fragility fractures [36, 37], vascular and valvu- In the present study, the association between serum PTH
lar calcification [38-42], and myocardial dysfunction [41-43], re- and mortality differed in both groups of patients. The slope

sulting in lower survival [11, 14, 44, 45]. However, to the best of of the curve of the association between serum PTH and mor-
our knowledge, there are no studies specifically analysing these tality was steeper in diabetic patients with high serum PTH,
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indicating a higher risk of mortality compared with non-diabetic
subjects. The results remained consistent after categorizing
serum PTH according to the KDIGO recommended targets (2-
9 times the normal values); in fact, a serum PTH >585 pg/mL
(9 times the normal values) was associated with a significantly
higher relative risk of mortality in diabetic but not in non-diabetic
patients.

The effect modification of the association between the rela-
tive risk of mortality and serum phosphate by diabetes was not
statistically significant (P = .059). It can be said the association
was marginal, if any; the main difference between diabetic and
non-diabetic patients was found for low serum phosphate (Sup-
plementary data, Fig. S2), a finding that could be more related to
malnutrition—associated with the lower phosphate—rather than
to the serum phosphate itself.

So far, the management of secondary hyperparathyroidism in
haemodialysis patients is mainly done considering the serum cal-
cium, phosphate and PTH targets, regardless of the diabetic sta-
tus. The results of our analysis suggest that the impact of the
CKD-MBD could be different in non-diabetic and diabetic patients
and strongly indicated that high PTH exerts a more negative ef-
fect in diabetic patients, suggesting that the control of serum PTH
should be stricter in these patients. In fact, the range of mini-
mum mortality risk, considering a hazard ratio <1.1 (a <10% in-
crease in the relative risk of mortality [13, 14, 46], Fig. 1), was
21% narrower (458 vs 616 pg/ml) in the diabetic patients (127-
585 pg/mL) than in the non-diabetic patients (232-848 pg/mL),
respectively.

The mechanisms by which high PTH levels might be more detri-
mental to diabetic patients are unknown. Both, diabetes and high
PTH have been associated with a greater prevalence of vascular
calcifications [22,47], which in turn could be partly responsible for
the higher mortality. In addition, a very recent study has shown
that PTH is able to induce dysfunction of valvular endothelial
cells, triggering the transformation of valvular interstitial cells to
an osteogenic phenotype [40]. Thus, we could also speculate that
high PTH levels could further exacerbate the risk of vascular cal-
cifications in diabetic patients.

On the other hand, inflammation is a relevant factor in this sce-
nario, where diabetic patients on haemodialysis are a critical risk
group, since diabetes plus end-stage renal disease have additive
impacts on the development and progression of atherosclerosis
[48]. Elevated inflammatory markers in these subjects have been
independently associated with all-cause and cardiovascular mor-
tality [49]. Finally, a potential role of fibroblast growth factor 23
(FGF23) cannot be ruled out. In haemodialysis patients, high lev-
els of FGF23 have been independently associated with increased
mortality [50]. Diverse studies have shown that FGF23 concentra-
tions are elevated in patients with type 2 diabetes [51, 52] while
inflammation directly stimulates the production of FGF23 [53]. Fi-
nally, it has been also shown that high levels of PTH directly and
indirectly stimulate FGF23 production [54]. However, the causal
role of FGF23 in mortality remains debated and has not been
shown to be greater in diabetic than in non-diabetic patients on
haemodialysis.

In this analysis of COSMOS, the differences found between
diabetic and non-diabetic haemodialysis patients are novel and
carry practical messages for the CKD-MBD management of
the diabetic patients on haemodialysis. However, the study has
also limitations, mainly due to its observational nature, which
does not allow causality to be established, and the fact the
data were collected >12 years ago. The main strength of COS-
MOS is its large sample size and the prospective randomized

selection of centres and patients that truly represents the Euro-
pean haemodialysis population.

In summary, the study revealed that diabetic patients with high
serum PTH could be at a higher risk of mortality compared with
non-diabetic patients, a finding which has important implications
in the diagnosis and treatment of secondary hyperparathyroidism
in these patients. At present, the serum PTH target recommended
by KDIGO is 2-9 times the maximum normal value regardless of
the diabetes status. The results of the present study suggest that
the serum PTH target should be different for non-diabetic and dia-
betic patients, possibly lower and narrower for the latter. They also
suggest the control of secondary hyperparathyroidism should be
stricter in diabetic patients. Further research in this area is needed
to confirm and complement the results of the present study.
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