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Introduction: Hypercalcemia, that is, raised 
serum calcium level (normal range: 9 –10.5 
mg/dL or 2.2–2.6 mmol/L) can be an incidental 
and asymptomatic laboratory finding, but since 
an elevated calcium level is often indicative of 
other diseases, a workup should be undertaken 

if it persists. First step in evaluating a new 
diagnosis of hypercalcemia is confirming it . An 
initial work-up should include measurement of 
intact parathyroid hormone, and discontinuing 
any medications that are likely to be causative. 
 Hypercalcemia can be due to excessive skeletal 
calcium release, increased intestinal calcium 
absorption, or decreased renal calcium 
excretion. It can be parathyroid hormone related 
vitamin D related, secondary to malignancy, 
medications, other endocrine disorders, genetic 
disorders or due to other causes. Primary 
hyperparathyroidism and malignancy account 
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for the maximum (about 90%) cases of 
hypercalcaemia [1],[2].   
Hypervitaminosis D can result from exogenous 
Vitamin D intake or endogenous excess 
production (from lymphomas, sarcoidosis, and 
tuberculosis). Vitamin D is a steroid hormone 
that is obtained through the diet or produced by 
the action of sunlight on its precursors in the 
skin. Successive hydroxylation of 
cholecalciferol forms active form of vitamin D, 
calcitriol first in the liver by 25-hydroxylation 
and then in the kidneys by 1-hydroxylation. 
Adequate vitamin D is necessary for bone 
formation. In the gut, it increases the absorption 
of calcium and phosphate. Thus, in vitamin D-
mediated hypercalcemia, serum phosphate 
levels tend to be high. People, especially 
elderly, usually take dietary supplements of 
Vitamin D for the purpose of improving their 
overall health either themselves as over the 
counter medication without prescription or on 
the advice of a health practitioner [3].There has 
also been increasing interest by physicians in 
prescribing vitamin D supplements in particular 
for various illnesses.60 to 70% of patients fail to 
report the use of these supplements to their 
physicians [4]. Vitamin D intoxication causes 
hypercalcaemia by increased bone resorption[5]. 
Here comes the role of Inhibiting bone 
resorption with bisphosphonates to prevent 
additional calcium from being released. Serum 
25OHD levels above 150 ng/ml are considered 
as vitamin D intoxication (VDI). 
 Other causes  of hypercalcemia include use of 
thiazide diuretics in patients  with an underlying 
mild primary hyperparathyroidism or another 
state of increased bone resorption, lithium 
therapy, immobilization, thyrotoxicosis ,milk 
alkali syndrome, etc. Rare causes include 
tertiary hyperparathyroidism in chronic kidney 
disease, Addisons disease, acromegaly,  
pheochromocytoma, familial hypocalciuric 
hypercalcemia, congenital lactase deficiency, 
use of foscarnet, etc. Some serious causes of 
hypercalcemia include malignancies of lung, 
breast, multiple myeloma, cholangiocarcinoma, 
etc. 
Hypercalcemia in malignancy is usually 
mediated by PTHrP that regulates normal 

osteoblast (and possibly osteoclast) 
differentiation and activity in the bone 
microenvironment [6] and is responsible for 
normal endochondral bone formation 
[7],[8],[9].80% of cancer patients with 
hypercalcemia have PTH-rP-related 
hypercalcemia. Hypercalcemia is a frequent 
metabolic complication of multiple myeloma 
and carbohydrate active adrenocorticosteroid 
hormones are effective in reversing it 
[10].Clinical manifestations of multiple myeloma  
derive either directly from the neoplastic 
infiltration of bone marrow  or indirectly from 
the aberrant functioning of humoral immunity 
and from secretion of clonal protein [11],[12].Bone 
disease in this condition is associated with 
excessive tumor induced, osteoclast-mediated 
bone destruction [13]. 
It is advisable to obtain serum calcium level in 
persons with a history of kidney stones, family 
history of hypercalcemia, thiazide or lithium use 
and in elderly patients with symptoms 
suggestive of hypercalcemia. Parathyroid 
hormone is suppressed in malignancy-
associated hypercalcemia and elevated in 
primary hyperparathyroidism. Exclude other 
causes before considering parathyroid surgery 
in primary hyperparathyroid patients, and refer 
patients for the same only if certain criteria are 
met [14].US population-based data from Olmsted 
County, Minn, indicates that the prevalence of 
primary hyperparathyroidism is slowly 
decreasing [15]. 
Methods: In this study, a total of 24 subjects 
who were admitted with hypercalcemia due to 
different causes were included. These patients 
were between 44 to 80 years of age. The study 
was carried over a period of 16 months. Serum 
calcium levels were obtained at baseline and 
after corrective measures. The serum levels of 
PTH were obtained in all studied patients using 
the CLIA method and the corresponding 
suppression or increase in PTH level in the 
setting of hypercalcemia helped in further 
supporting or defying diagnosis of the cause of 
hypercalcemia. Serum 1,25 Dihydroxy Vitamin 
D were measured using CLIA method in order 
to diagnose coexisting or coincidental Vitamin  
D intoxication in these patients. 
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Results: In this study of 16 months duration, a 
total of 24 patients were admitted with 
hypercalcemia, out of whom 13 patients (54%) 
had Vitamin D intoxication as the cause, 3 
patients were having primary 
hyperparathyroidism, 9 patients had malignancy 
and 2 had hypercalcemia of 
unknown/undiagnosed cause. Out of the total 
patients, 15 (62.5%) were males and 9 (37.5%) 
were females. The results obtained are revealed 
in Table 1. 
Discussion: The most common cause of 
hypercalcemia in this tertiary care centre over 
the studied period was Vitamin D intoxication 
unlike the most common cause being primary 
hyperparathyroidism and malignancies as 
revealed by other studies [1],[2]. A parathyroid 
hormone/parathyroid hormone-related 
peptide/calcifediol assay may help differentiate 
among the various causes of hypercalcemia. 
Accelerated bone resorption by multinucleated 
bone resorbing osteoclasts  stimulated  by PTH, 
PTHrP and 1,25 dihydroxy vit D, have been 
shown to cause hypercalcemia [16]. 
Vitamin D intoxication is on the rise and should 
be included in the differential diagnosis of 
hypercalcemia [17],[18],[19],[20],[21],[22],[23],[24],[25]. It is 
a reversible condition and can be treated 
effectively and usually does not appear to cause 
long-term sequelae. Hypercalcemia resolves 
months before normalization of serum 25(OH) 
D levels. Because vitamin D is fat-soluble and 
25(OH)D has a half-life of 2–3 weeks, vitamin 
D toxicity 
usually takes weeks to months to normalize. 
Calcitriol is the most metabolically active form 
and binds to the vitamin D receptors 500 times 
greater than calcifediol and 1,000 times greater 
than cholecalciferol does[26].Inappropriate 
treatment or supplementation with high dose 
vitamin D can lead to life-threatening 
intoxications [27],[28],[29]. Increasing frequency of 
VDI  may be attributable to an increase in 
vitamin D supplement intake due to the findings 
that deficiency is common and has been 
associated with a number of disease states 
[30],[31],[32]. At molecular level, 1, 25(OH) 2 D3 
can increase RANKL release and decrease OPG 
release from osteoblastic cells and stimulate 

osteoclastogenesis, resulting in bone resorption. 
Consequently, hypercalcemia in a VDI state 
predominantly results from bone resorption due 
to the effect of vitamin D rather than  through 
the direct participation of intestinal absorption 
[33].Clinical features in a patient with VDI 
include nausea, vomiting, abdominal pain, 
pancreatitis, dehydration with polyuria and 
polydipsia, hematuria, paraesthesias, headache, 
seizures, osteoporotic fractures, 
cardiomyopathy, bradycardia,etc. 
[34],[35].Treatment for vitamin D toxicity 
includes: discontinuing intake, a diet with low 
calcium and phosphorus content, intravenous 
hydration, loop diuretics, glucocorticoids, and 
calcitonin. More recently, bisphosphonates have 
been proven to be effective in the treatment of 
VDI [36],[37]. In Vitamin D mediated 
hypercalcemia, corticosteroids are the therapy 
of choice that reduce calcitriol production by 
macrophages and correct serum calcium within 
3-5 days. 
 Hypercalcemic crisis is a life-threatening 
emergency. Aggressive intravenous rehydration 
is the mainstay of management in severe 
hypercalcemia, and antiresorptive agents, such 
as calcitonin and bisphosphonates, frequently 
can alleviate the clinical manifestations of 
hypercalcemic disorders. If the total serum 
concentration of calcium is greater than 
3.50mmol/L {14.0 mg/dl}, immediate treatment 
is indicated regardless of symptoms [38]. 
In 2011, the American Medical Institute 
estimated tolerable upper limits of vitamin D. 
Administration of vitamin D has been reported 
to be safe at 4000 IU/day for adults and 
pregnant women [39]. Iatrogenic subclinical 
hypervitaminosis D is more commonly recorded 
than acute VDI. However, individual variation 
is important to consider with regard to VDI; 
vitamin D receptor polymorphisms may be 
associated with the development of this 
condition [40],[36]. Hypercalcemia is the hazard 
criterion for vitamin D. As per the Institute of 
Medicine, the tolerable upper intake level (UL) 
for vitamin D is 50g (2000 IU)/d. With sunlight, 
an adult can produce vitamin D in an amount 
equivalent to daily oral consumption of 250 g 
(10,000 IU)/d, which is a safe dose. The 
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additional intake of 1 g (40 IU)/day of vitamin 
D3 raises serum 25(OH)D by ∼1 nM 
(0.4ng/ml). Therefore, sun-deprived adults 
require an intake of more than the UL for 
vitamin D [41]. Hypercalcemia is reported in 
normal adults by Narang et al. [42] above the 
50g/d (2000 IU/d) UL for vitamin D intake, 
however, confirmatory studies using 100g 
(4000 IU)/d with more subjects and for longer 
periods have produced no detectable change in 
serum or urine calcium [43],[44],[45].The toxic dose 
of vitamin D is estimated to be greater  than 
100,000 IU (2,500 g) per day for a duration of 
at least 1 month [46].  
Malignancies stand next in number and 
included lung carcinoma, breast carcinoma, 
carcinoma with unknown primary, multiple 
myeloma and Hodgkins lymphoma. 
Hypercalcemia in malignancy occurs abruptly, 
is severe, and portends a very poor prognosis 
(median survival only six weeks). For 
hypercalcemia of malignancy, bisphosphonates 
are the main treatment modality. 

Limitations of the present study : Many of our 
patients had been bed ridden for a long time. 
Hypercalcemia from immobilization was first 
described  in  1941  by  Albright   in  a 
 teenager  with fracture. Incidence was found to 
be  20-30%  in  immobilized   adults secondary  
to fractures in 2 case series [47].14 out of our 24 
studied patients had deranged kidney function 
with raised creatinine which is a known risk 
factor for development of immobilization 
hypercalcemia. Another limitation of this study 
may be the variation of vitamin D levels with 
season. The study period included both winter 
and summer. Circulating 25(OH)D levels vary 
seasonally due to seasonal fluctuations in 
sunlight ultraviolet B irradiation[48]. 
Conclusion: In this study conducted over a 
period of 16 months in a tertiary care centre, 
hypercalcemia due to vitamin D intoxication 
was found as the leading cause followed by 
malignancies. As much as possible, we should 
avoid overtreating vitamin D deficiency. 

Table 1. 
S.No
. 

Age/Sex Serum 
Calcium 
(mg/dL)a 

Serum 
Albumin 
(mg/dL)b 

Serum 
Calcium 
corrected     
(mg/dL)c 

Serum 
PTH 
(ng/L)d 

Serum 
Vit D3 
(pg/mL)
e 

Diagnosis 

1. 57/M 12.4 4.2 12.4 15 26.9 
Malignancy lung with bony 
metastases. 

2. 70/M 11.5 4.0 11.5 11 80 Vit D intoxication 

3. 70/F 13.2 3.2 13.8 75 76 
Hyperparathyroidism with 
Vit D intoxication. 

4. 60/F 12.0 3.3 12.5 28 >150 Vit D intoxication 

5. 70/M 11.3 4.2 11.3 21 104 
Vit D intoxication with 
Multiple Myeloma 

6. 60/F 11.0 2.5 12.2 18 80 
Vit  D intoxication with 
Breast carcinoma. 

7. 60/F 11.3 3.6 11.6 39 55 undiagnosed 
8. 70/F 11.7 4.0 11.7 14.6 >150 Vit D intoxication 
9. 75/F 13.0 4.3 13.0 20 85 Vit D intoxication 
10. 60/M 12.8 4.7 12.2 18 >106 Vit D intoxication 
11. 55/F 13.0 4.7 12.4 36 40 undiagnosed 

12. 65/F 13.3 3.9 13.3 10 78 
Vit D intoxication with 
Carcinoma with unknown 
primary. 

13. 60/M 14.5 2.2 16.4 3.5 95 
CNS tuberculosis with Vit D 
intoxication 
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14. 60/M 13.2 4.0 13.2 192 8.6 Parathyroid adenoma 
15. 80/M 14.0 4.5 14.0 8.6 >150 Vitamin D intoxication 

16. 70/M 14.2 4.0 14.2 18 >150 
Vitamin D intoxication with 
hypercalcemic nephropathy 

17. 72/M 13.0 4.4 13.0 6 65 
Lung squamous cell 
carcinoma 

18. 68/M 18.0 4.2 18.0 2 >150 Vitamin D intoxication . 

19. 65/M 15.0 4.2 15.0 4 60 
Bronchogenic carcinoma 
right lung with bony 
metastases. 

20. 44/M 14.6 4.5 14.6 102 40 
Primary 
hyperparathyroidism 

21. 55/F 14.0 4.0 14.0 120 10 
Primary 
hyperparathyroidism with 
vitamin D deficiency. 

22. 75/M 14.5 2.9 15.7 6 25 
Bronchogenic carcinoma 
lung with bony metastases. 

23. 65/M 15.0 2.2 16.8 10 20 Hodgkins lymphoma. 
24. 68/M 12.2 2.4 13.8 11 30 Multiple myeloma. 

Note:a. Normal serum calcium= between 8.5 and 10.5 mg/dl (2.2–2.6mmol/L). b. Normal serum 
albumin=4-5mg/dL. c. Corrected Calcium = (0.8 x[normal serum albumin – Patient’s serum 
albumin])+ serum calcium. d. Normal serum PTH=8-51ng/L. e. Normal serum Vitamin D3=15-
75pg/mL. 
REFERENCES 

1. 1.Mitchell, Richard Sheppard; Kumar, 
Vinay; Abbas, Abul K.; Fausto, Nelson. 
Table 20-4 in: Robbins Basic Pathology. 
Philadelphia: Saunders. ISBN 1-4160-2973-
7. 8th edition.  

2. 2. Tierney, Lawrence M.; McPhee, Stephen 
J.; Papadakis, Maxine A. (2006). Current 
Medical Diagnosis and Treatment 2007 
(Current Medical Diagnosis and Treatment). 
McGraw-Hill Professional. p. 901.  

3. 3. Rock CL 2007 Multivitamin-multimineral 
supplements: who uses them? Am J Clin 
Nutr 85:277S–279S. 

4. 4.Gardiner P, Graham RE, Legedza AT, 
Eisenberg DM, Phillips RS 2006.Factors 
associated with dietary supplement use 
among prescription medication users. Arch 
Intern Med 166:1968–1974. 

5. 5.Selby PL,Davies M,Marks JS,Mawer EB. 
Vitamin D intoxication causes 
hypercalcaemia by increased bone resorption 
which responds to pamidronate.Clin 
Endocrinol (Oxf).1995 Nov; 43(5):531-6. 

6. 6. Martin TJ: Osteoblast-derived PTHrP is a 
physiological regulator of bone formation. J 
Clin Invest 115 : 2322 –2324, 2005. 

7. 7.Karaplis AC, Luz A, Glowacki J, Bronson 
RT, Tybulewicz VL, Kronenberg HM, 
Mulligan RC: Lethal skeletal dysplasia from 
targeted disruption of the parathyroid 
hormone-related peptide gene. Genes Dev 8 : 
277 –289, 1994. 

8. 8.Lanske B, Karaplis AC, Lee K, Luz A, 
Vortkamp A, Pirro A, Karperien M, Defize 
LH, Ho C, Mulligan RC, Abou-Samra AB, 
Juppner H, Segre GV, Kronenberg HM: 
PTH/PTHrP receptor in early development 
and Indian hedgehog-regulated bone growth. 
Science 273 : 663 –666, 1996 . 

9. 9. Kronenberg HM, Lee K, Lanske B, Segre 
GV: Parathyroid hormone-related protein and 
Indian hedgehog control the pace of cartilage 
differentiation. J Endocrinol 154 [Suppl] : 
S39 –S45, 1997 

10. 10.Michael Z. Lazor,Leon E 
Rosenberg.Mechanism of adrenal steroid 
reversal of hypercalcemia in multiple 



Bhat M.H. et al., J. Harmoniz. Res. Med. and Hlth. Sci. 2016, 3(3), 188-194 

                                                                      www.johronline.com  193 | P a g e  

 

myeloma.Volume 270.N  Engl J Med ; 
270:749-755 April 9, 1964. 

11. 11. Bataille R, Harousseau JL. Multiple 
myeloma. N Engl J Med. 1997;336:1657–
1664.  

12. 12. Blad J, Kyle RA. Multiple myeloma in 
young patients: clinical presentation and 
treatment approach. Leuk Lymphoma. 
1998;30:493–501.  

13. 13. Oyajobi BO. Multiple 
myeloma/hypercalcemia. Arthritis Res. Ther. 
2007; 9:S4.  

14. 14. Mary F. Carroll, David S. Schade. A 
Practical Approach to Hypercalcemia Am 
Fam Physician. 2003 May 1;67(9):1959-
1966. 

15. 15.Wermers RA, Khosla S, Atkinson EJ, 
Achenbach SJ, Oberg AL, Grant CS. 
Incidence of primary hyperparathyroidism in 
Rochester, Minnesota, 1993-2001: an update 
on the changing epidemiology of the disease. 
J Bone Miner Res. Jan 2006; 21(1):171-7.  

16. 16.Halloran BP, Nissenson BA(eds.)1992 
Parathyroid Hormone –Related Protein: 
Normal Physiology and Its Role in 
Cancer.CRC Press, Boca Raton, FL, USA. 

17. 17.Down PF, Polak A, Regan RJ 1979. A 
family with massive acute vitamin D 
intoxication. Postgrad Med J 55:897–902. 

18. 18. Jacobus CH, Holick MF, Shao Q, Chen 
TC, Holm IA, Kolodny JM, Fuleihan GE, 
Seely EW 1992. Hypervitaminosis D 
associated with drinking milk. N Engl J Med 
326:1173–1177. 

19. 19. Kaptein S, Risselada AJ, Boerma EC, 
Egbers PH, Nieboer P 2010. Life-threatening 
complications of vitamin D intoxication due 
to over-the-counter supplements. Clin 
Toxicol (Phila) 48:460–462. 

20. Klontz KC, AchesonDW2007 Dietary 
supplement-induced vitamin D intoxication. 
N Engl J Med 357:308–309. 

21. Koutkia P, Chen TC, Holick MF 2001 
Vitamin D intoxication associated with an 
over-the-counter supplement. N Engl J Med 
345:66–67. 

22. 22. Leu JP, Weiner A, Barzel US 2008 
Vitamin D toxicity: caveat emptor. Endocr 
Pract 14:1188–1190. 

23. Lowe H, Cusano NE, Binkley N, Blaner WS, 
Bilezikian JP 2011 Vitamin D toxicity due to 
a commonly available “over the counter” 
remedy from the Dominican Republic. J Clin 
Endocrinol Metab 96:291–295. 

24. Vieth R, Pinto TR, Reen BS, WongMM2002 
Vitamin D poisoning by table sugar. Lancet 
359:672. 

25. Jacobs TP, Bilezikian JP 2005 Clinical 
review: rare causes of hypercalcemia. J Clin 
Endocrinol Metab 90:6316–6322. 

26. Rosol, T. et al.: Disorders of calcium. Fluid 
Therapy in Small Animal Practice, 2nd Ed. 
(S. DiBartola, ed.). W.B. Saunders, 
Philadelphia, Pa., 2000; pp 108-162. 

27. At Republic of Turkey, Ministery of Mother-
Child Health and Family Planning 
Directorate. The prevention of insufficiency 
of vitamin D and the protect of bone health 
Project guide.STED 2005;14:4-5. 

28. Döneray H, Özkan B, Özkan A, Ko an C, 
Orbak Z. Karakelleo lu C. The Clinical and 
Laboratory Characteristics of Vitamin D 
Intoxication in Children.Turk J Med Sci 
2009;39:1-4. 

29. Barrueto F, Wang-Flores H, Howland MA, 
Hoffman RS, Nelson LS. Acute Vitamin D 
Intoxication in a Child. Pediatrics 2005; 
116(3) e453-6. 

30. Araki T, Holick MF, Alfonso BD, et al. 
Vitamin D intoxication with severe 
hypercalcemia due to manufacturing and 
labeling errors of two dietary supplements 
made in the United States. J Clin Endocrinol 
Metab 2011; 96: 3603-3608. 

31. Allen SH, Shah JH. Calcinosis and metastatic 
calcification due to vitamin D intoxication. 
Horm Res 1992; 37: 68–77.  

32. Doneray H, Ozkan B, Ozkan A, Koşan C, 
Orbak Z, Karakelleoğlu C. The clinical and 
laboratory characteristics of vitamin D 
.intoxication in children. Turk J Med Sci 
2009; 39: 1-4. 

33. Shane E, Dinaz, I. Hypercalcemia: 
pathogenesis, clinical manifestations, 
differential diagnosis, and management. In: 
Favus MJ (ed). Primer on the Metabolic 
Bone Diseases and Disorders of Mineral 
Metabolism (6th ed). Philadelphia: 



Bhat M.H. et al., J. Harmoniz. Res. Med. and Hlth. Sci. 2016, 3(3), 188-194 

                                                                      www.johronline.com  194 | P a g e  

 

Lippincott, Williams, and Wilkins; 2006: 
176. 

34. Alikasifoglu A. Çocukluk yaş grubunda D 
vitamini intoksikasyonu. Danone Enstitüsü 
Beslenme Serileri 2008; 2: 57-61. 

35. Mesa Manteca J, Sanmartí Sala A, Obiols 
Alfonso G, et al. Vitamin D intoxication in 3 
cases of hypothyroidism. Rev Clin Esp 1983; 
171: 297-299. 

36. Doneray H, Ozkan B, Caner I, Ozkan A, 
Karakelleoglu C. Intragastric alendronate 
therapy in two infants with vitamin D 
intoxication: a new method. Clin Toxicol 
2008; 46: 300-302. 

37. Gurkan F, Davutoglu M, Bosnak M, et al. 
Pamidronate treatment in acute vitamin D 
intoxication. J Endocrinol Invest 2004; 27: 
680-682 

38. Management of Acute Hypercalcemia.John 
P. Bilezikian, M.D.Alastair JJ Wood.N Engl 
J Med 1992; 326:1196-1203. 

39. Ross AC, Manson JE, Abrams SA, et al. The 
2011 report on dietary reference intakes for 
calcium and vitamin D from the Institute of 
Medicine: what clinicians need to know. J 
Clin Endocrinol Metab 2011; 96: 53-58. 

40. Rizzoli R, Stoermann C, Ammann P, 
Bonjour JP. Hypercalcemia and 
hyperosteolysis in vitamin D intoxication: 

effects of clodronate therapy. Bone 1994; 15: 
193-198. 

41. Reinhold Veith.J Bone Miner Res 2007;Vol 
22:S2;V64–V68. 

42. Narang NK, Gupta RC, Jain MK, Aaronson 
K 1984 Role of vitamin D in pulmonary 
tuberculosis. J Assoc Physicians India 
32:185–186. 

43. Vieth R, Chan PC, MacFarlane GD 2001 
Efficacy and safety of vitamin D3 intake 
exceeding the lowest observed adverse effect 
level. Am J Clin Nutr 73:288–294.  

44. Vieth R, Kimball S, Hu A, Walfish PG 2004 
Randomized comparison of the effects of the 
vitamin D3 adequate intake versus 100 mcg 
(4000 IU) per day on biochemical responses 
and the wellbeing of patients. Nutr J 3:8. 

45. Barger-Lux MJ, Heaney RP, Dowell S, Chen 
TC, Holick MF 1998 Vitamin D and its 
major metabolites: Serum levels after graded 
oral dosing in healthy men. Osteoporos Int 
8:222–230. 

46. Vieth R 1999 Vitamin D supplementation, 
25-hydroxyvitamin Dconcentrations, and 
safety. Am J Clin Nutr 69:842–856. 

47. Clinical Rehabilitation 1989;3:243-247. 
48. Maxwell JD. Seasonal variation in vitamin 

D. Proc Nutr. 1994;53(3):533–543.  

 
 


