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Leprosy is a chronic granulomatous dis-
ease which can affect the skeleton, causing
specific and nonspecific bone lesions ('8 29).
Although hypocalcemia has been the prev-
alent finding, at least in some leprosy cen-
ters located in India ('% 2 2%), hypercalcem-
ia has been reported in five patients with
leprosy (> 23-24), In four of them 1, 25-di-
hydroxy vitamin D3 [1, 25(OH)2D3] se-
rum levels were augmented, suggesting that,
as in other granulomatous diseases such as
sarcoidosis (*3), the lepromatous granulo-
ma might be an extrarenal source of
1, 25(OH)2D production.

In a recent review the number of leprosy
patients around the world has been esti-
mated to be 10 to 12 million, South Amer-
ica being one of the areas with the highest
prevalence ('°). Since most of the patients
live in underdeveloped countries where se-
rum calcium may not be routinely deter-
mined, Rizen and Singer (**) had suggested
that the incidence of leprosy-associated hy-
percalcemia may be higher than it has been
suspected.

In Argentina, the total number of leprosy
patients is estimated to be 13,600, most of
them living in the subtropical northeastern
part of the country (*). The present study
was undertaken in order to evaluate the fre-
quency of alterations of calcium metabo-
lism in patients with borderline or lepro-
matous disease who live in a leprosy center
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located in the area surrounding the city of
Buenos Aires.

MATERIALS AND METHODS

Subjects. We studied 47 patients (31 men
and 16 women) ranging in age from 18 to
75 (average age 48.6 = 14.2 years) living in
the Sommer Hospital, a leprosy center lo-
cated in the outskirts of Buenos Aires, with
a population that fluctuates between 400 and
500 patients. The 47 patients were included
in the present study on the basis of their
willingness to cooperate, and all of them
gave verbal informed consent before the
study. Patients with chronic renal failure or
hepatic diseases as well as those who had
been taking corticosteroids or who were not
fully ambulatory during the 6 months prior
to the study were excluded from the study.

Diagnosis and classification of the stage
of the disease in all patients were assessed
through nutritional, clinical, bacteriologi-
cal, pathological and immunological fea-
tures. The disease was judged to be active
at the time of the study in 29 patients. The
following data were recorded for each pa-
tient: age, sex, clinical form, activity and
length of evolution of the disease, extent of
the skin lesions, previous fractures and spe-
cific treatment for leprosy.

Forty-two patients had lepromatous lep-
rosy and five had borderline leprosy. Skin
involvement of the disease was diffuse in
23 patients and localized in 21. Twenty-six
patients had had erythema nodosum lepro-
sum (ENL); it was present at the time of the
study in 13 patients. Peripheral neuritis was
reported in 14 patients (in 6 patients at the
time of the study), and arthritis was re-
ported in 9 patients (in 2 ai the time of the
study). Patients had received sulfone (39)
rifampin (29), clofazimine (21) or thalido-
mide (6) as monotherapy or in combina-
tion.
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Body mass index (BMI). The nutritional
status of each patient was evaluated by Que-
telet’s index, also called body mass index
(BMI). It was calculated as weight/height?
(kg/m?).

Biochemical analysis. Blood was drawn
in the fasting state at the spring season and
a 24-hr urine sample was collected on their
usual daily diet. Serum and urinary total
calcium were measured by atomic absorp-
tion spectrophotometry (*°); phosphorus by
the colorimetric method of Taussky and
Schorr (**) and creatinine by the colorimet-
ric method of Taussky (?7). Other serum de-
terminations were: ionized calcium by a
specific electrode (?2), total alkaline phos-
phatase by the method of King and Arm-
strong (''), serum parathyroid hormone
(PTH) concentration by radioimmunoassay
("), 25-hydroxy vitamin D [25(OH)D] and
1, 25(OH)2D concentrations by a solid-
phase chromatography radioreceptor follow
by a competitive protein binding assay (®
and 2'-2¢% respectively). Total urinary hy-
droxyproline (THP) excretion was mea-
sured by the colorimetric method of Kivi-
rikko, et al. (?).

Radiological studies. All patients had an
X-ray of the hands at a film-focus distance
of 100 cm. The metacarpal cortical thick-
ness was measured according to the prin-
ciples established by Garn (°). The total sub-
periosteal diameter (T) and medullar cavity
diameter (M) were measured to 0.02 mm
with a scaler magnifier at the second met-
acarpal midshaft. Cortical thickness (C),
medullar area (MA), total subperiosteal area
(TA), cortical area (CA) and percent cortical
arca (PCA) were calculated on the basis of
T and M by assuming that the metacarpal
bone is circular in cross section. Each pa-
tient was compared to a normal subject of
the same age and sex ('4).

Statistical analysis. Individual results
were analyzed, grouped and statistically
evaluated. Data were expressed as mean =+
standard deviation (S.E.M. = S.D.) and
evaluated by the Student’s 7 test.

RESULTS

The BMI ranged between 19.2 and 36.5
(average 25.6 = 3.8). Assuming a normal
BMI of between 23 and 27, we found that

Mautalen, et al.: Calcium Metabolism in Leprosy

581

9% of the patients had a value below the
normal range and 32% were above it.
Table 1 shows the average *+ S.D. of the
biochemical determinations made in all of
the patients as well as the respective refer-
ence values. Average values were within the
normal ranges for all of the biochemical pa-
rameters except for serum creatinine which
was at the lower limit of the reference range.
Total serum calcium was moderately below
the normal range in eight patients (8.5 to
8.7 mg/dl), but serum levels of ionized cal-
cium were within the normal range in all
patients, including the eight with moderate
hypocalcemia. Serum phosphate was below
normal in three patients. Serum PTH was
higher than normal in one patient. Serum
25(OH)D was above the normal range in 3
patients and below in 6. Urinary determi-
nations showed that 13 patients had a mod-
erate hypocalciuria and in 6 of them the
excretion was above the normal range; THP
was above the reference value in 4 patients.
When the patients were divided into lep-
romatous and borderline leprosy, we found
that the lepromatous patients had: a) lower
total calcium (9.1 + 0.4 vs. 9.4 = 0.3 mg/
dl, p < 0.001); b) higher alkaline phospha-
tase [10.3 £ 29 vs. 7.4 + 2.3 King Arm-
strong units (KAU), p < 0.02] and c) higher
urinary THP excretion (27.2 + 12 vs. 19.4
+ 5.6 mg/24 hr, p < 0.02), although all
average values were within normal ranges.
Four lepromatous leprosy patients had
serum levels of 1, 25(OH)2D higher than
normal (Table 2). None of the patients with
increased 1, 25(OH)2D levels was hyper-
calcemic and their PTH levels were within
the normal range (except for a minor ecle-
vation in one case) and without significant
differences with the remaining patients.
The mean micrometric measurements of
the medullary and cortical width of the sec-
ond metacarpal bone were not different in
patients and controls. However, the PCA
was below 90%, indicating a significant os-
teopenia in 5 men and 3 women (19% of
the cases). In those patients who underwent
the study evaluations, X-rays of the hand
were found to be abnormal in 19 (44%) of
the 43 patients in whom the study was per-
formed. The main findings were: a) claw
deformity of the fingers, 11 cases; b) signif-
icant osteopenia, 8; ¢) bone cysts, 3; d) de-
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TABLE 1. Biochemical results of leprosy patients.

1994

Normal range

Leprosy patients

(mean + S.D.)

Serum

Total calcium (mg/dl) 8.9-10.4 9.1 03
lIonized calcium (mg/dl) 4.14.8 45 +0.2
Phosphorus (mg/dl) 2.54.5 3.3+0.5
Alkaline phosphatase (KAU) 5.0-15.0 10.0 = 3.0
Creatinine (mg/dl)

Female 0.6-1.2 0.6 0.2

Male 0.6-1.3 0.7 +£0.2
PTH (pg/ml) 20-90 73 £ 25
25(OH)D (ng/ml) 1140 20 + 10
1,25(OH)2D (pg/ml) 20-60 49 + 40

Urinary excretion

Urinary calcium (mg/24 hr)

Female 80-250 133 + 90

Male 80-300 118 + 120
Total hydroxyproline (mg/24 hr) 15.0-40.0 264 = 11.7

struction of the last phalanx or the cortex,
6; e) tuft erosion, 2.

DISCUSSION

The main finding of the present study in
a representative sample of leprosy patients
is that the average total serum calcium is
within the normal range although eight of
them showed moderate total hypocalcemia
(8.5 to 8.7 mg/dl). Furthermore, in all pa-
tients ionized serum calcium levels were de-
finitively in the normal range, including
those with moderate hypocalcemia. Thus,
the frequent description of marked hypo-
calcemia (7.2 to 7.9 mg/dl) in leprosy pa-
tients in India ('* 2% 2%) has not been con-
firmed. Our population was well nourished
with an average BMI of 25.6, while the
normal Indian patients had a BMI of 19.7
(**). Although BMI values of < 20 were
regarded as indicative of underweight, fac-

tors such as diet, smoking and levels of
physical activity confirmed that the Indian
population, although relatively under-
weight, were healthy. It is thus not surpris-
ing that the range of acceptable values for
Quetelet’s index varies among communities
)

There was a slight discrepancy between
total and ionized serum calcium levels; while
the former was in the normal low range, the
latter was in the middle normal range. A
similar finding has been reported recently
by Vidal, e al. (*') in a leprosy center lo-
cated in Rosario, Argentina. The authors
observed that hypocalcemia in lepromatous
leprosy could be related to an altered ability
of serum proteins to bind calcium. These
investigators found that at normal pH val-
ues, plasma proteins from lepromatous lep-
rosy patients bind a smaller fraction of total
plasma calcium than do controls. This phe-

TABLE 2. Biochemical findings in four lepromatous leprosy males with 1,25(0H)2D

serum levels higher than normal range.

{8 Calcium Alkai Urinary
"25(0OH)D 2t PTH anne :
Age (n(g/m:) (OH2D 0y Total  lonized Phosphatase Calcium  Hydroxy-
(pg/ml) (mgdl)  (mgidl)  (KAU) (mg/24rt’1r()) ine
'y
25 40 116 57 9.2 4.7 13 231 45
54 17 86 58 8.9 44 9 144 26
40 12 80 51 9.9 4.1 12 131 26
49 16 274 105 9.2 43 16 104 23
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nomenon produces a normal concentration
of ionized calcium which determines a nor-
mal parathyroid status.

Contrary to the prediction of Ryzen and
Singer (%) that hypercalcemia could be a
more frequent finding in leprosy if serum
calcium were assessed routinely, none of our
patients was hypercalcemic. Hypercalcemia
and abnormal 1, 25(OH)2D concentration
had been reported in four patients with bor-
derline and lepromatous leprosy (> - 23-24),
It has been recognized that several granu-
lomatous diseases, such as sarcoidosis (> 3),
coccidioidomycosis ('7), histoplasmosis (*?),
silicone implant ('?) and eosinophilic gran-
uloma ('°), are associated with hypercal-
cemia and abnormal vitamin D metabo-
lism. Hoffman, et al. (°) proposed that the
presence of hypercalcemia in leprosy, as in
other granulomatous disease ('*), could be
attributable to an ectopic production of cal-
citriol by the granulomas. Related to vita-
min D metabolism, our findings suggest that
the relation between 1, 25(OH)2D and lep-
rosy is variable. Thus, only four patients
exhibited levels of 1, 25(OH)2D higher than
normal, but in disagreement with previous
reports (>%2%24) none of the cases pre-
sented differences in their calcium levels,
and PTH secretion was not suppressed.

We are not able to explain the normal
biochemical finding in the four patients with
elevated 1, 25(OH)2D serum levels. The el-
evation was moderate in three of them,
therefore not being sufficient to overcome
the other regulating mechanisms that keep
serum calcium with the normal range. The
abnormal secretion of 1, 25(OH)2D also
could have been episodic or transient, lack-
ing the persistence needed to alter mineral
metabolism. Therefore, it scems that some
patients with leprosy might have elevated
1, 25(OH)2D levels, but hypercalcemia
seems to be an exceptional finding. None of
the other biochemical determinations of
mineral and bone metabolism were consis-
tently altered. Therefore, it is possible to
conclude that calcium homeostasis is nor-
mal in most patients with leprosy, and only
in exceptional patients would it be possible
to find significant alterations.

The X-ray of the hand showed significant
osteopenia in approximately one fifth of the
patients in relation to age- and sex-matched
controls. Probably, diminished hand mo-
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bility, secondary to the neurological lesion,
is the cause of the osteopenia. Thappa, et
al. (*°) observed that the osteoporotic bone
changes were related to aging and severity
of disability of the hands. The determina-
tion of the bone mineral density of the entire
skeleton would permit one to assess if os-
teopenia is a localized phenomenon or if
patients with leprosy have a general dimi-
nution of the bone mass.

SUMMARY

Calcium metabolism was studied in 47
patients with borderline or lepromatous
leprosy. Total and ionized calcium, phos-
phorus, creatinine, total alkaline phospha-
tase, parathyroid hormone (PTH), 25-hy-
droxy vitamin D [25(OH)D], and 1, 25-
dihydroxy vitamin D [1, 25(OH)2D] were
measured in serum; calcium and total hy-
droxyproline were determined in urine. To-
tal subperiosteal diameter and medullar
cavity diameter were measured on an X-ray
of the hand of all patients.

Average values were within normal rang-
es for all of the biochemical determinations.
Total serum calcium was moderately below
the normal range in eight patients but ion-
ized calcium levels were within the normal
ranges in all of the patients. Four patients,
all of them with lepromatous leprosy, had
levels of 1, 25(OH)2D higher than normal
but none of them was hypercalcemic and
PTH levels were within normal range. Al-
though all values were within the normal
ranges, lepromatous leprosy patients had
lower total calcium, higher alkaline phos-
phatase, and higher urinary hydroxyproline
than borderline leprosy patients (9.1 = 0.4
vs 9.4 = 0.3 mg%, p < 0.001; 10.3 = 2.9
vs 7.4 + 2.3 King-Armstrong units, p <
0.02 and 27.2 + 12 vs 19.4 + 5.6 mg/24
hr, p < 0.02, respectively). No differences
were found between patients and controls
in the average micrometric measurements
of the second metacarpal bone but signifi-
cant osteopenia was found in 19% of the
patients.

The main finding of the present study in
a representative sample of leprosy patients
is that the average total serum calcium was
in the lowest limit of the normal range, but
the ionized serum calcium was in the mid-
dle of the normal range. Some patients had
levels of 1, 25(OD)2D higher than normal
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but in none of them was the serum calcium
increased. Therefore, it is possible that cal-
cium homeostasis is normal in most pa-
tients with leprosy and only in exceptional
patients would it be possible to find signif-
icant alterations.

RESUMEN

Se estudid el metabolismo del calcio en 47 pacientes
con lepra lepromatosa o lepromatosa subpolar. Se mi-
dieron en el sucro las concentraciones de calcio ioni-
zado, fosforo, creatinina, fosfatasa alcalina total, hor-
mona paratiroidea (HPT), 25-hidroxi vitamina D
[25(OH)D], y 1, 25-dihdroxi vitamina D [I, 25 (OH)2
D]. Los niveles de calcio y de hidroxiprolina se mi-
dicron en la orina. Ademas, se tomaron radiografias
de la mano y en ellas se midieron el diametro subpe-
riostial total y el diametro de la cavidad medular.

Los valores promedio de todas las determinaciones
bioquimicas estuvicron dentro de los rangos normales.
La concentracion de calcio total estuvo moderada-
mente por abajo de lo normal en 8 pacientes aunque
los niveles de calcio ionizado estuvicron dentro de li-
mites normales en todos los pacientes. Cuatro pacien-
tes con lepra lepromatosa tuvieron niveles de
1, 25(OH)2D por arriba de lo normal pero ninguno de
ellos fue hipercalcémico y los niveles de HPT estuvie-
ron dentro del rango normal. Aunque todos los valores
estuvieron dentro del rango normal, los pacientes con
lepra lepromatosa tuvieron valores de calcio total mas
bajos, de fosfatasa alcalina mas altos, y de hidroxipro-
lina urinaria también mas altos que los pacientes con
lepra subpolar (0.4 vs 9.4 + 0.3 mg%, p < 0.001; 10.3
+ 2.9 vs 7.4 + 2.3 unidades King-Armstrong, p <
0.02,y 27.2 + 12 vs 19.4 = 5.6 mg/24 h, p < 0.02,
respectivamente). No se encontraron diferencias entre
los pacientes y los controles en cuanto a las mediciones
micrométricas promedio del segundo hueso metacar-
pal, aunque se encontrd osteopenia significativa en el
19% de los pacientes.

El hallazgo principal del presente estudio en una
muestra representativa de pacientes con lepra, fue que
¢l promedio de calcio total en el suero estuvo en el
limite mas bajo del rango normal, aunque el nivel de
calcio ionizado en suero estuvo en la parte media del
rango normal. Algunos pacientes tuvieron niveles de
1, 25(OH)2D mayores de lo normal pero en ninguno
de ellos se encontraron niveles elevados de calcio en
el suero. Pot lo tanto, parece ser que la homoestasis
del calcio es normal en la mayoria de los pacientes con
lepra, aunque pueden haber algunos casos excepcio-
nales con alteraciones significativas.

RESUME

Le métabolisme du calcium a été étudié chez 47
patients présentant une lépre borderline ou Iéproma-
teuse. Le calcium total et ionisé, le phosphore, la créa-
tinine, les phosphatases alcalines totales, I’hormone pa-
rathyroidienne (HPT), la 25-hydroxy-vitamine D
[25(OH)D], et la 1, 25-dihydroxy-vitamine D
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[1, 25(0OH)2D] ont été mesurés dans le serum; le cal-
cium et I’hydroxyproline totale ont été mesurés dans
les urines. Le diamétre sub-periostal total et le diamétre
de la cavité médullaire ont été mesurés sur un cliché
radiographique de la main de tous les patients.

Les valeurs moyennes étaint dans les limites nor-
males pour toutes les analyses biochmiques. Le calci-
um serique total était légérement sous les valeurs nor-
males chez huit patients, mais les taux de calcium ionisé
¢taient dans les limites normales chez tous les patients.
Quatre patients, tous avec unc I¢pre Iépromateuse,
avaient des taux de [1, 25(OH)2D)] supéricurs a la nor-
male, mais aucun d’cux n’avait une hypercalcémie et
les taux de HPT étaient dans les limites normales. Bien
que toutes les valeurs ¢taient dans les limites normales,
les patients lépromateux avaient des taux plus faibles
de calcium, et plus ¢levés de phosphatases alcalines et
d’hydroxyproline urinaire que les patients borderline
(respectivement 9.1 + 90.4 vs 9.4 + 0.3 mg%, p <
0.001; 10.3 + 2.9 vs 7.4 + 2.3 unités King-Armstrong,
p <002et27.2 +£ 12 vs 194 + 5.6 mg/24 h, p <
0.02). Aucune différence n’a é1é observée entre les ma-
lades et les témoins dans les mesures micrométriques
moyennes du deuxiéme métacarpien, mais une ostéo-
pénie significative a été observée chez 19% des patients.

La découverte principale de cette étude dans un
groupe représentatif de malades de la leépre est que le
calcium sérique total moyen était dans les limites in-
féricures de la normale, mais que le calcium sérique
ionisé était au milicu des limites normales. Quelques
malades avaient des taux de [1, 25(OH)2D] supéricurs
a la normale, mais chez aucun d’eux le calcium sérique
n’était augmenté. 11 est donc possible que I’homeos-
tasie calcique soit normale chez la plupart des patients
lépreux, et que des modifications significatives ne puis-
sent &tre trouvées qu’exceptionnellemnt chez des pa-
tients.
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