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Abstract

The metabolic derangement caused by diabetes mellitus may poten-
tially affect bone mineral metabolism. In the present study we evalu-
ated the effect of diabetes metabolic control on parathyroid hormone
(PTH) secretion during stimulation with EDTA infusion. The study
was conducted on 24 individuals, 8 of them normal subjects (group N:
glycated hemoglobin - HbA1C = 4.2 ± 0.2%; range = 3.5-5.0%), 8
patients with good and regular metabolic control (group G-R: HbA1C

= 7.3 ± 0.4%; range = 6.0-8.5%), and 8 patients with poor metabolic
control (group P: HbA1C = 12.5 ± 1.0%; range: 10.0-18.8%). Blood
samples were collected at 10-min intervals throughout the study (a
basal period of 30 min and a 2-h period of EDTA infusion, 30 mg/kg
body weight) and used for the determination of ionized calcium,
magnesium, glucose and intact PTH. Basal ionized calcium levels
were slightly lower in group P (1.19 ± 0.01 mmol/l) than in group N
(1.21 ± 0.01 mmol/l) and group G-R (1.22 ± 0.01 mmol/l). After
EDTA infusion, the three groups presented a significant fall in cal-
cium, but with no significant difference among them at any time. Basal
magnesium levels and levels determined during EDTA infusion were
significantly lower (P<0.01) in group P than in group N. The induction
of hypocalcemia caused an elevation in PTH which was similar in
groups N and G-R but significantly higher than in group P throughout
the infusion period (+110 min, N = 11.9 ± 2.1 vs G-R = 13.7 ± 1.6 vs
P = 7.5 ± 0.7 pmol/l; P<0.05 for P vs N and G-R). The present results
show that PTH secretion is impaired in patients with poorly controlled
diabetes.
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Introduction

Poor metabolic control of diabetes melli-
tus can induce alterations in calcium homeo-
stasis (1). As a consequence, an increase in
parathyroid hormone (PTH) secretion may
occur to correct for any possibility of a re-
duction in calcium. However, the complete
disturbance of mineral metabolism observed
in diabetes mellitus also involves alterations

in magnesium homeostasis, with an impaired
parathyroid response to calcium wastage.
Interest in the evaluation of mineral metabo-
lism in diabetics has increased since the re-
ports of an association of diabetes mellitus
with osteopenia development. Conflicting
results have been reported about the relation-
ship between diabetes and fractures but re-
cent population-based studies have shown
that diabetes is a risk factor for hip, proximal
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humerus and foot fractures among older
women (2,3).

Seino and Ishida (1) reviewed several
points concerning osteopenia and diabetes
mellitus: a) urinary waste of calcium, phos-
phorus and magnesium is correlated with the
intensity of glycosuria (4-6) and McNair et
al. (6) have shown that serum calcium and
PTH are slightly lower in diabetics than in
controls; b) with respect to alterations in
vitamin D metabolism, Frazer et al. (7) re-
ported that 1,25(OH)2D levels are lower in
patients with IDDM, whereas other studies
have pointed out an increase in 1,25(OH)2D
clearance (8), and still others have suggested
a reduction in the number of receptors for
this hormone (9), and c) another line of
investigation has related insulin deficiency
to reduction in osteoblast activity as demon-
strated by a reduction in serum osteocalcin
levels in diabetic rats (10).

Since the classical Diabetes Control and
Complications Trial in 1993 (11), and more
recently the United Kingdom Prospective
Diabetes Study (12), a factor to be always
considered in the evaluation of diabetic com-
plications is metabolic control and, more
particularly, the hyperglycemic state. Thus,
the major objective of the present study was
to evaluate PTH secretion in diabetic pa-
tients with different degrees of metabolic
control, in view of the fact that a) PTH is a
physiologically important hormone for the

maintenance of bone trophism (13), b) when
secreted in excessive amounts its predomi-
nant effect is osteolysis (14), and c) PTH is
one of the major stimuli for 1,25(OH)2D
synthesis (15) and osteoblast activity (16).
The model used was induction of hypocalce-
mia by EDTA infusion.

Material and Methods

The study was conducted on 24 individu-
als, 8 of them normal (group N, 5 males and
3 females), 8 with diabetes mellitus under
good or regular metabolic control (group
G-R, 4 males and 4 females), and 8 with
diabetes mellitus under poor metabolic con-
trol (group P, 4 males and 4 females). The
three groups did not differ significantly in
terms of age, body weight, height, or body
mass index (Table 1).

The study was approved by the Ethics
Committee of the University Hospital, Fac-
ulty of Medicine of Ribeirão Preto, USP, and
all subjects gave informed consent to partici-
pate.

The three groups were defined on the
basis of clinical history and fasting plasma
glucose and glycated hemoglobin (HbA1c) de-
termination. The normal individuals had no
personal or family history of diabetes melli-
tus and presented fasting glycemia levels
ranging from 3.9 to 5.3 mmol/l and HbA1c

ranging from 3.5 to 5.0%. The G-R group
consisted of six patients with diabetes melli-
tus type 1 and two patients with diabetes
mellitus type 2, with fasting glycemia levels
ranging from 3.9 to 9.0 mmol/l and HbA1c

ranging from 6.0 to 8.5%. Diabetic patients
with poor metabolic control presented HbA1c

of 10 to 18.8% and fasting glycemia of 12.2
to 19.6 mmol/l. In this group, six individuals
had diabetes mellitus type 1 and two diabe-
tes mellitus type 2. Subjects with a history of
tabacco smoking, alcoholism, use of drugs
with known effects on mineral metabolism
(estrogen, barbiturics, vitamin D, diuretics,
corticosteroids, and thyroid hormones) and

Table 1. Clinical characteristics of normal subjects (group N), and diabetic subjects with
good or regular (group G-R) or poor (group P) metabolic control.

Group Age (years) Weight (kg) Height (cm) BMI (kg/m2) HbA1c (%)

N 28.4 ± 1.9 67.8 ± 4.9 171.2 ± 4.1 22.9 4.2
24.0-36.0 49.3-82.8 152.0-181.5 20.5-25.3 3.5-5.0

G-R 29.9 ± 2.3 64.4 ± 2.5 164.1 23.8 7.3
19.0-40.0 53.0-72.5 147.0-171.5 20.8-26.3 6.0-8.5

P 27.4 ± 2.3 69.0 ± 2.7 166.1 24.3 12.5
19.0-36.0 62.0-79.5 153.5-186.0 19.1-30.3 10.0-18.8

The results are reported as means ± SEM and ranges. BMI = body mass index; HbA1c
= glycated hemoglobin.
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diabetic nephropathy (microalbuminuria,
creatinine and ureic nitrogen) were excluded
from the study.

The experiments were conducted with
the patients in the supine position in a meta-
bolic study room at a constant temperature
of 22oC. Cubital veins were cannulated in
each forearm with 20-gauge butterfly cath-
eters for blood collections and solution infu-
sion, respectively. Blood samples were col-
lected at 10-min intervals during the basal
period (30 min) and during a 2-h period of
EDTA infusion. The infusion solution was
prepared immediately before administration
and contained 30 mg/kg weight EDTA, 2.7
mg/kg weight xylocaine, and 5% glucose for
a total volume of 200 ml. The solution was
infused with an infusion pump (Harvard ap-
paratus) into the contralateral arm to that
used for blood collection. The blood samples
were used for the determination of plasma
glucose by a glucose oxidase technique us-
ing a Beckman glucose analyzer II (Beckman
Instruments, Fullerton, CA, USA) and
glycated hemoglobin was determined by an
affinity chromatography method (17). Ion-
ized calcium was measured in blood ob-
tained with a 3-ml syringe containing cal-
cium-titrated heparin (2560™ Radiometer,
Copenhagen, Denmark) using an analyzer
with a calcium-specific electrode (Radiom-
eter ICA II) (18). The samples were col-
lected anaerobically and the measurements
were made immediately after collection.
Blood samples for the determination of in-
tact PTH were centrifuged in a refrigerated
centrifuge and frozen at -70oC until the day
for determination. Serum PTH was analyzed
in duplicate by an immunoradiometric
method (Nichols Diagnostic Institutes, San
Juan Capistrano, CA, USA). The intra- and
interassay coefficients of variation were 4.9
and 11.0%, respectively. Serum magnesium
was determined in duplicate by atom absorp-
tion spectrophotometry using a Perkin-Elmer
apparatus (Perkin Elmer, Norwalk, CT,
USA).

Data are reported as means ± SEM and
were analyzed using the Graphpad Prism
1999 software (Graphpad Software Inc., San
Diego, CA, USA). The Friedman test, two-
way analysis of variance by ranks, was used
for paired parameters and the Kruskal-Wallis
test was used for unpaired variables. Dunn’s
post test was used in both analyses. The level
of significance was set at P<0.05.

Results

The normal group presented a signifi-
cantly lower fasting glycemia than group G-
R (N = 4.4 ± 0.1 mmol/l vs G-R = 6.1 ± 0.6
mmol/l, P<0.05) and group P (P = 13.6 ± 1.7
mmol/l, P<0.005). The difference in glyce-
mia levels between the two groups of dia-
betic individuals was significant (P<0.01).

After the beginning of EDTA infusion,
the normal group presented a slight variation
in plasma glucose, with the highest values
being reached at 120 min (4.7 ± 0.04 mmol/l).
The diabetic groups also showed a small
variation in glycemia during EDTA infu-
sion, with the peak occurring at 120 min in
the G-R group (7.9 ± 0.8 mmol/l) and at 80
min in the P group (14.1 ± 1.9 mmol/l). The
plasma glucose levels of the P group were
significantly higher than those for the G-R
group (P<0.005) throughout the period of
infusion and the latter group presented sig-
nificantly higher plasma glucose levels than
the N group throughout the study (P<0.05)
(Figure 1A).

The P group tended to present lower
calcium ion levels than the other two groups
throughout the study. After the beginning of
EDTA infusion, the three groups presented a
significant reduction in circulating calcium
ion levels corresponding to 18.6% (from
1.21 ± 0.01 to 1.02 ± 0.02 mmol/l) for group
N, 18.4% (from 1.22 ± 0.01 to 1.03 ± 0.01
mmol/l) for group G-R, and 12.3% (from
1.19 ± 0.01 to 1.06 ± 0.01 mmol/l) for group
P, respectively (Figure 1B).

In the basal state, circulating PTH levels
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were similar for groups N and G-R, while
group P showed a slight tendency to lower
serum PTH levels (N = 2.5 ± 0.6 vs G-R = 2.7
± 0.5 vs P = 2.2 ± 0.3 pmol/l). This behavior
became more marked during the stimulation
tests, i.e., after the induction of hypocalce-
mia serum PTH levels became significantly
lower in P patients (P<0.05), whereas no
difference in PTH levels was observed be-
tween N and G-R patients. The maximum

PTH levels during the test were N = 11.9 ±
2.1 vs G-R = 13.7 ± 1.6 vs P = 7.5 ± 0.7 pmol/
l (Figure 2A).

Figure 2B shows that serum magnesium
levels remained stable throughout the study
in the three groups, ranging from 0.73 ± 0.03
to 0.76 ± 0.02 mmol/l in group N, from 0.69
± 0.02 to 0.71 ± 0.03 mmol/l in group G-R,
and from 0.64 ± 0.03 to 0.66 ± 0.02 mmol/l
in group P. Magnesium levels were signifi-
cantly lower in the P group than in the N
group.

Discussion

It is well known that alterations in min-
eral metabolism can induce disturbance in
glucose metabolism (19-21) and glucose in-
tolerance which also can interfere with min-
eral metabolism (22). Previous studies have
shown that poor diabetes mellitus control is
associated with calcium, phosphorus and
magnesium wastage (4,5). We evaluated PTH
secretion in diabetic patients with different
degrees of metabolic control and our results
showed that patients with poor metabolic
control present lower PTH secretion than
well-controlled diabetic and normal subjects
during acute stimulation.

Hyperglycemia that leads to osmotic di-
uresis also causes magnesium depletion. It is
possible that the reduced PTH secretion oc-
curring in patients with poorly controlled
diabetes is related to low serum magnesium
(23). Magnesium interacts in a complex man-
ner with PTH, interfering both with the se-
cretion and action of this hormone. Acute
hypomagnesemia stimulates PTH secretion,
whereas chronic severe hypomagnesemia has
a negative effect and is the exclusive cause
of clinical hypoparathyroidism. Furthermore,
hypomagnesemia is associated with a de-
creased action of PTH on target tissues, pos-
sibly by causing a functional impairment of
the adenyl cyclase system (24). Magnesium
is a predominantly intracellular ion and a
normal serum magnesium level does not

P
la

sm
a 

gl
uc

os
e 

(m
m

ol
/I)

16

12

8

4

0

B
lo

od
 io

ni
ze

d 
ca

lc
iu

m
 (

m
m

ol
/I)

1.30

1.25

1.10

0.95

0.00

1.20

1.15

1.00

1.05

-30 0 30 60 90 120

-30 0 30 60 90 120

Time (min)

A

B

N P G-R

Figure 1. Plasma glucose (A) and blood ionized calcium (B) determined under basal condi-
tions (-30 to 0 min) and during 2 h of EDTA infusion in normal subjects (group N), diabetic
patients with good or regular metabolic control (group G-R), and in diabetic patients with
poor metabolic control (group P). A, P<0.005 group N vs group P. P<0.05 group N vs group
G-R. P<0.01 group G-R vs group P (Kruskal-Wallis test).
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mean a normal content of body magnesium.
Lima et al. (22) verified that only intracellu-
lar magnesium levels correlate with meta-
bolic control in diabetes mellitus. However,
several studies have measured only circula-
tory levels of magnesium as evidence of
hypomagnesemia. Rude et al. (23) have
shown that patients with low serum magne-
sium presented undetectable basal PTH only
when magnesium was below 0.35 mmol/l
and that basal PTH was increased or normal
in patients with 0.44 and 0.49 mmol/l serum
magnesium levels, respectively. Our results
are in accordance with those reported by
Rude et al. (23), i.e., normal basal PTH
levels in subjects with magnesium higher
than 0.44 mmol/l. Furthermore, we observed
that the parathyroid response to acute hypo-
calcemia is impaired in diabetic patients
with serum magnesium levels of 0.64 ± 0.03
mmol/l.

Calcium sensors in the parathyroid gland
are especially sensitive to serum calcium
variations and permit PTH to exert efficiently
its most important function, i.e., to maintain
calcium homeostasis (25). Another impor-
tant physiological role of PTH is its partici-
pation in the control of bone trophism (13).
Whereas exaggerated and constant PTH se-
cretion has a predominantly catabolic effect
on bone, its periodic secretion is associated
with the maintenance and even an increase
in trabecular bone mass in humans (14,26)
and with an increase in trabecular and corti-
cal bone in rats (27). The action of PTH
favoring the maintenance and/or increase in
bone mass may be secondary to its metabolic
actions of urine calcium retention and/or to
increased intestinal calcium absorption sec-
ondary to stimulation of 1,25(OH)2D syn-
thesis or may even be due to a direct activa-
tion of osteoblasts, in view of the fact that
previous studies have shown PTH receptors
in these cells (28).

Our results clearly show that PTH secre-
tion is impaired in patients with poorly con-
trolled diabetes mellitus and suggest an as-

sociation between this occurrence and the
low serum levels of magnesium observed in
these patients. Previous studies have sug-
gested that the osteopenia observed in dia-
betic patients is due to the reduction in
1,25(OH)2D levels (7) and that insulin defi-
ciency could reduce osteoblast activity
(12,13). However, other studies have sug-

Figure 2. Serum intact PTH (A) and serum magnesium (B) levels under basal conditions (-30
to 0 min) and during 2 h of EDTA infusion in normal subjects (group N), in diabetic patients
with good or regular metabolic control (group G-R), and in diabetic patients with poor
metabolic control (group P). A, P<0.05 group N vs group P (intervals +60 to +120 min).
P<0.05 group G-R vs group P (intervals +50 to +120 min). B, P<0.01 group N vs group P
(Kruskal-Wallis test).
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gested that osteopenia is not a complication
of diabetes mellitus (29). Probably, both hy-
potheses can be considered true in view of
the heterogeneous situation of diabetes mel-
litus. Whereas patients with good metabolic
control have normal calcium ion and PTH
secretion, poorly controlled diabetics tend to
present lower calcium ion levels, deficient
PTH secretion and lower serum magnesium
levels. Thus, on the basis of these alter-
ations, it is possible that osteopenia is a
nonclassical complication of diabetes which

is likely to be related to hyperglycemia. It is
also possible that decreased PTH secretion
contributes to a reduction of 1,25(OH)2D
levels and of osteoblast activity in diabetics.
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