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Abstract

Background: Indolent systemic mastocytosis (ISM) is a rare disease characterized

by accumulation of abnormal mast cells in various tissues, including bone

marrow. Symptoms are usually related to release of mast cell mediators. The aims

are to establish the prevalence of osteoporotic fractures in ISM and to investigate

the association with serum tryptase and the urinary histamine metabolites,

methylhistamine (MH), and methylimidazole acetic acid.

Methods: The fracture prevalence in 157 patients (65 men; 92 women), mean age

54 ± 12 years, was assessed by vertebral morphometry and data from patient

records, supplemented by a questionnaire. Bone mineral density (BMD) of

lumbar spine and femoral neck was measured, and tryptase and histamine

metabolites were analysed.

Results: We registered 235 lifetime fractures in 154 patients, including 140 osteo-

porotic (low-energy trauma) fractures, of which 62% were vertebral, 1% hip and

36% other nonvertebral fractures. Osteoporotic fractures and osteoporosis were

found in 37% and 28% of the patients, respectively. In men, the prevalence of these

osteoporotic manifestations (46% <50 years; 73% �50 years) was much higher

compared with women (18% <50 years; 58% �50 years). Older age, male gender,

and higher urinary MH were independently related to the osteoporotic manifesta-

tions.

Conclusions: This first publication about prevalence of fractures and osteoporo-

sis in patients with ISM shows that the risk of osteoporotic fractures is high,

especially in men. Higher urinary MH levels are associated with a higher risk of

osteoporotic manifestations. Routine measurements of BMD and vertebral mor-

phometry are warranted in these patients for early detection of osteoporosis.

Mastocytosis is a rare disorder characterized by a clonal pro-

liferation of abnormal mast cells. Clinical symptoms of mast-

ocytosis are heterogeneous, mainly because of acute and

chronic release of mast cell mediators and accumulation of

mast cells in various tissues. In cutaneous mastocytosis, mast

cell accumulation is by definition limited to the skin. In sys-

temic mastocytosis (SM), extra-cutaneous tissues and organs

are involved, notably the bone marrow (1–3). In adults, the

vast majority of patients with SM have the indolent form

[indolent systemic mastocytosis (ISM)], in which the rate of

mast cell proliferation is very low (4). After years, the mast

cell amount can stabilize and even decrease (5). In most

patients with ISM, the percentage of mast cells in the bone

marrow is below 5% (6).

Patients with SM are prone to develop osteoporosis and

osteosclerosis, which is associated with the more severe forms

of SM (aggressive SM and SM with associated hematologic

non-mast cell lineage disease). The reported percentages of

osteoporosis ranged from 18% to 31%, and of osteosclerosis

from 8% to 19% in series of patients with various forms of

SM (4,7,8).

None of the above studies included the life-long history of

fractures with emphasis on osteoporotic (low-energy trauma)

vertebral and nonvertebral fractures. Therefore, the aim of
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this study was to establish the prevalence of osteoporosis and

related fractures in patients with ISM before and after the

age of 50. Furthermore, we investigated whether clinical

characteristics or higher levels of tryptase in serum and/or

the histamine metabolites methylhistamine (MH) and

methylimidazole acetic acid (MIMA) in urine were associated

with osteoporotic manifestations.

Methods

Patients and methods

Since 1981, ISM was diagnosed in 157 consecutive patients

in the referral centre for mastocytosis of the University

Medical Center Groningen. The diagnosis was made

according to the World Health Organization (WHO) Clas-

sification of Mastocytosis (3). Fracture data were collected

from the medical records and lateral radiographs of the

thoracolumbar spine, combined with a questionnaire sent

to all patients. The patients were asked to report in open

columns which bone was fractured, at which age or year,

and asked to describe the trauma circumstances. Almost all

(98%) questionnaires were returned with life-long data of

fractures and good recall of trauma circumstances. If it

was not possible to discriminate between high- or low-

energy trauma circumstances, a telephone call was made to

clarify. Fracture data of three patients could not be

retrieved. Osteoporotic fractures were defined as fractures

because of low-energy trauma. A vertebral fracture was

defined according to the Genant classification (9). Bone

mineral densities (BMD) of lumbar spine (anterior-posterior

projection at L1–L4) and hip (total proximal femur) were

measured using DXA (Hologic QDR Discovery, Waltman,

MA, USA). Osteoporosis was defined as a T-score � �2.5

SD (10). Patients were categorized by the lowest T-score of

the lumbar spine or hip. DXA measurements of lumbar

spine (n = 150) and hip (n = 149) were available from our

own hospital. The BMD data analysed in other hospitals

were included in the prevalence, but not in the regression

analyses; based on these data, four patients had osteoporo-

sis. The maximal accepted interval between BMD measure-

ment and blood/urine analysis was 1 year, only if clinical

symptoms had not changed during this period. Biochemical

parameters of patients with ISM usually remain rather

stable for several years (5). If patients were on osteoporotic

drug treatment, the BMD and biochemical data before the

start of the treatment were used. Data of medication

prescriptions were collected from the medical records.

Osteosclerosis was defined as a Z-score above +2.5 SD of

the BMD of hip, forearm (one-third radius) or lumbar

spine. The presence of urticaria pigmentosa (UP) was based

on the typical skin lesions of mastocytosis, and was diag-

nosed by an experienced dermatologist, and confirmed by

the histological finding of an increased number of tryptase-

positive mast cells in skin biopsies (11). Anaphylaxis was

defined as an acute onset and potentially life-threatening

systemic reaction caused by any trigger, usually by an

insect sting.

Biochemical markers

Tryptase levels were determined using the B12 assay (Phar-

macia UniCAP Tryptase; Pharmacia and Upjohn, Uppsala,

Sweden) (12). Reference values for healthy individuals were

reported by Pharmacia and Upjohn, showing a geometric

mean level of 3.8 lg/l and an upper 95th percentile of

11.4 lg/l. To measure MH and MIMA, urine samples were

collected after an overnight fast, discarding the first voiding

after wakening. During 24 h before urine collection, patients

were asked to refrain from histamine-rich foods, such as sau-

erkraut, canned fish, and yoghurt. MH were determined by

an isotope-dilution mass fragmentographic method (13).

MIMA was determined as described previously (14), with

some modifications using isotope dilution mass fragmento-

graphy. For MH and MIMA excretion, mean ± SD values

(ranges) of an apparently healthy population were 101 ± 33

(50–154) lmol/mol and 1.3 ± 0.3 (0.9–1.9) mmol/mol

creatinine, respectively, in urine collected after an overnight

fast (15).

Statistical analysis

Statistical analysis was performed with SPSS 16.0 software

(SPSS, Chicago, IL, USA). Results were expressed as

mean ± SD or median (range) for parametric and non-

parametric data, respectively. Pearson’s and Spearman’s cor-

relation coefficients were used as appropriate to analyse the

relationship between BMD, and clinical symptoms and labo-

ratory parameters of disease activity. Predictor analysis for

osteoporosis was performed using univariate logistic regres-

sion and multivariate logistic regression with conditional

stepwise backward inclusion of variables that had a P value

�0.3 in univariate analysis. The probability of P for stepwise

removal was 0.10. P values <0.05 were considered statistically

significant.

Results

Characteristics of study population

The mean age of 157 patients with ISM (65 men, 92 women)

was 54 ± 12 years (Table 1). Median disease duration after the

first symptom or sign of ISM was 13 years (range 1.5–
40 years). Duration from first symptom to diagnosis was 6.5 (0

–37) years. The diagnosis of ISM was made after the first visit

to our center in 71% of our patients. Two-thirds of the other

29% patients were diagnosed within 1 year before the first

visit. Seven men and five women had osteoporotic fractures or

osteoporosis as presenting symptom. Urticaria pigmentosa

was present in 110 patients, and 71 patients experienced ana-

phylactic reactions. One man and five women had osteosclero-

sis. Analyses of biochemical mediators released by mast cells

are outlined in Table 1. Co-morbidity was present in 43

patients. Only one man and one woman had a body mass index

(BMI) <19 kg/m2. Eleven women and one man had a weight

<60 kg, although they had a normal BMI. Current smoking or

stopped with smoking within the last 10 years was reported by
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Table 1 Characteristics of the indolent systemic mastocytosis study population (n = 157)

Characteristic Deviation, n (%)

Age (years) 53.5 ± 12.3 Age � 50, n (%) 96 (61)

Gender (male), n (%) 65 (41)

Urticaria pigmentosa, n (%) 110 (71)

Anaphylactic shock, n (%) 71 (46)

Osteosclerosis, n (%) 6 (4)

Length (cm) 172 ± 10

Weight (kg) 79 ± 15

BMI (kg/m2) 25.8 (18.6–40.5) BMI < 19.0, n (%) 2 (1.3)

BMI � 30.0, n (%) 33 (22)

Smoking, n (%) 66 (48) Current smoker, n (%) 41 (30)

Stopped within last 10 years, n (%) 25 (18)

Tryptase (lg/l) 33 (2.4–306) Tryptase > 20, n (%) 122 (78)

MH (lmol/mol creat) 284 (76–2554) MH > 167, n (%) 139 (89)

MIMA (mmol/mol creat) 3.5 (1.1–21.7) MIMA > 1.9, n (%) 138 (88)

LS BMD T-score (SD) �1.10 (�5.2–+2.8) Osteoporosis LS, n (%) 42 (27)

Hip BMD T-score (SD) �0.60 (�2.9–+2.7) Osteoporosis hip, n (%) 2 (1)

Co-morbidity (n, %) 51 (32)

Diabetes mellitus type 2 6

Hyperthyroidism 2

Hypogonadism 3

Hyperparathyroidism 2

Pulmonary disease 15

Epilepsy 1

Malignancy (breast, prostate) 6

Rheumatic diseases 3

Other diseases 8

Drug/alcohol abuse 5

Drug treatment, n (%) Before first visit After first visit

H1 and/or H2 antihistamines 49 (31) 99 (63)

Oral corticosteroids 9 (6) 12 (8)

Inhaled corticosteroids 6 (4) 16 (10)

Cromoglycin 16 (10) 15 (10)

Interferon 2 (1.3) 2 (1.3)

Anticonvulsants 1 (0.6) 2 (1.3)

Proton pump inhibitors 12 (8) 23 (15)

Bisphosphonates 19 (12) 50 (32)

Teriparatide 1 (0.6) 1 (0.6)

HRT (women) 8 (9) 7 (8)

Calcium 14 (9) 77 (50)

Vitamin D 9 (6) 74 (48)

Disease duration (years)

First symptom to close of study, years 13.7 (1.5–40)

First symptom to DXA,* years 11.8 (0–38)

First symptom to diagnosis, years 6.5 (0–37)

First symptom to first visit, years 6.3 (0–38)

First visit to close of study, years 5.3 (0–28)

First visit to DXA,* years 2.3 (�6.7–21)

Values are mean ± SD or median (range), unless otherwise indicated.

BMI, body mass index; MH, methylhistamine; MIMA, methylimidazole acetic acid; LS, lumbar spine; BMD, bone mineral density; HRT, hor-

mone replacement therapy; SD, standard deviation.

*The last made DXA was used, unless patient received treatment for osteoporosis, then the last DXA before the start of treatment was

used; see Methods.
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66/138 patients, with no statistically differences in smoking

habits between gender: 54% (30/56) men and 44% (36/82)

women. Any use of medication, related to mastocytosis or to

bone quality has been listed separately before and after the first

visit to our referral center.

Fractures and osteoporosis

Eighty-three of 154 patients with ISM experienced 235 frac-

tures during lifetime (Table 2). Forty-three percent of the

patients <50 years and 61% of the patients �50 years had

at least one fracture. These include 140 fractures because of

low-energy trauma in 57 patients; of these 87 were vertebral

and 53 nonvertebral ones, including two hip fractures. This

means for the 57 patients a mean occurrence of 2.4 osteo-

porotic fractures per patient. Forty-one patients (27%) had

one or more vertebral fractures (mean 2.1 per patient), and

33 patients (21%) had nonvertebral, osteoporotic fractures

(mean 1.6 per patient). Histograms of low-energy trauma

nonvertebral fractures and vertebral fractures are given in

Fig. 1. Osteoporotic fractures were reported by 35% of the

men and 6% of the women under the age of 50 years, and

by 62% of the men and 40% of the women in the older

group. High-energy trauma fractures (including the frac-

tures with no information about the circumstances of the

trauma) were reported by 32% of the patients (64 fractures

in men, 31 fractures in women); of them, 24 patients

reported also low-energy trauma osteoporotic fractures at

other ages.

The median (range) lumbar spine and hip BMD T-scores

were �1.10 (�5.2–+2.8) SD and �0.60 (�2.9–+2.7) SD,

respectively. Osteoporosis was detected in 23% and 38% of

the male patients, younger and older than 50 years, respec-

tively. For women, these percentages were 12% and 33%,

respectively (Table 2). Summarizing, we found 37% osteopo-

rotic fractures and 28% osteoporosis in the total group.

Patients with co-morbidities (51 found in 43 patients) that

might contribute to fractures had 49% osteoporotic fractures

and 37% osteoporosis. Excluding this group, the percentages

were 32% and 24%, respectively.

A higher prevalence of osteoporotic fractures was detected

among ISM patients without UP vs those with UP; 59% vs.

28%, respectively (P = 0.0002), while no differences were

found in the prevalence of osteoporosis, 33% vs. 25%,

respectively (P = 0.513).

We used the history of osteoporotic fractures combined

with a BMD T-score � �2.5 SD for a more refined quantita-

tive assessment of osteoporotic manifestation. Of the male

patients, 46% (<50 years) and 73% (�50 years) had osteo-

porotic manifestation. For the female patients, these percent-

ages were 18% and 58%, respectively. Only 38% male and

57% female patients with ISM in this cohort did not show

manifestations of osteoporosis.

Table 2 Fractures and osteoporosis in patients with indolent

systemic mastocytosis (ISM)

Fractures Total Men Women

All fractures, n 235 136 99

Ostp # 140 72 68

Vert # 87 48 39

Other # 51 22 29

Hip # 2 2 0

ISM patients, n (%)

With fracture(s) 83/154 (54) 43/63 (68) 40/91 (44)

<50 years 26/60 (43) 17/26 (65) 9/34 (26)

�50 years 57/94 (61) 26/37 (70) 31/57 (54)

With ostp # 57/154 (37) 32/63 (51) 25/91 (27)

<50 years 11/60 (18) 9/26 (35) 2/34 (6)

�50 years 46/94 (49) 23/37 (62) 23/57 (40)

LS or Hip BMD, n (%)

T-score<�2,5 SD 43/154 (28) 20/63 (32) 23/91 (25)

<50 years 18/60 (17) 6/26 (23) 4/34 (12)

�50 years 33/94 (35) 14/37 (38) 19/57 (33)

Combination of osteoporotic fracture and/or osteoporosis, n (%)

None 76 (49) 24 (38) 52 (57)

Ostp. combination 78 (51) 39 (62) 39 (43)

<50 years 18/60 (30) 12/26 (46) 6/34 (18)

�50 years 60/94 (64) 27/37 (73) 33/57 (58)

ostp #, osteoporotic fracture(s), because of low-energy trauma; vert

#, vertebral fracture; LS, lumber spine; BMD, bone mineral density.

Figure 1 Histogram of low-energy trauma nonvertebral fractures (A) and vertebral fractures (B) in patients with indolent systemic mastocytosis.
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Predictors of osteoporotic manifestations

Predictor analysis was performed to identify parameters

related to osteoporotic manifestations. In total, 51% of

patients had either an osteoporotic fracture or osteoporosis.

Lumbar spine BMD T-score correlated negatively with MH

and MIMA. Tryptase correlated positively with disease dura-

tion (Table 3). Age and gender were significantly associated

with osteoporotic manifestations in univariate regression

analysis (Table 4). Multivariate regression analysis showed

Table 3 Correlation assessment in patients with indolent systemic mastocytosis

Age

Disease

duration Tryptase MH MIMA LS BMD T-score Hip BMD T-score Length Weight

Age (years)

Disease

duration

(years)

0.115

Tryptase (lg/l) �0.005 0.177*

MH (lmol/mol creat) �0.041 0.047 0.609**

MIMA (mmol/mol

creat)

0.082 0.155 0.725** 0.783**

LS BMD

T-score (SD)

�0.296** �0.118 �0.101 �0.227** �0.202*

Hip BMD

T-score (SD)

�0.396** �0.031 �0.053 �0.077 �0.152 0.618**

Length (cm) �0.249** �0.079 �0.035 �0.119 �0.150 0.057 0.144

Weight (kg) �0.192* �0.040 �0.007 �0.171* �0.200* 0.134 0.340** 0.456**

BMI (kg/m2) 0.004 �0.017 0.009 �0.091 �0.097 0.104 0.291** �0.110 0.804**

**Statistically significant correlation (P < 0.01).

*Statistically significant correlation (P < 0.05).

See Table 1 for abbreviations.

Table 4 Results of univariate and multivariate regression analysis for osteoporotic manifestations (osteoporotic fracture and/or bone mineral

density (BMD) T-score <�2.5 SD)

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Age (years)† 1.071 (1.036–1.107) 0.000 1.079 (1.041–1.118) 0.000

Gender‡ 1.904 (0.964–3.759) 0.025 2.801 (1.292–6.071) 0.009

Disease duration (years)† 1.021 (0.986–1.056) 0.241 *

Urticaria pigmentosa§ 2.052 (0.957–4.397) 0.065 *

Anaphylactic reaction¶ 0.861 (0.444–1.669) 0.658 **

Tryptase (lg/l)†† 1.007 (0.999–1.016) 0.096 *

MH (lmol/mol creat)†† 1.001 (1.000–1.003) 0.077 1.002 (1.000–1.003) 0.047

MIMA (mmol/mol creat)†† 1.084 (0.960–1.223) 0.193 *

Lenght (cm)†† 0.990 (0.956–1.026) 0.594 **

Weight (kg)†† 0.990 (0.967–1.013) 0.374 *

BMI (kg/m2)†† 0.967 (0.896–1.043) 0.378 *

Smoking‡‡ 0.775 (0.385–1.562) 0.476 **

†Per year.

‡If gender is male (vs female).

§If urticaria pigmentosa (UP) is present (vs absent).

¶If anaphylactic reaction is present (vs absent).

††Per 1 point.

‡‡If smoking occurred (vs nonsmoking during the last 10 years).

*The variable was not selected during multivariate regression analysis.

**The variable was not tested in multivariate regression analysis because of a P value > 0.3 in univariate regression analysis and absence of

significant correlation with lumber spine or hip BMD T-scores.
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that older age (odds ratio 1.079, 95% confidence interval:

1.041–1.118) and male gender (OR: 2.801, 1.292–6.071) were
independently related to osteoporotic fractures and/or osteo-

porosis. Higher MH values (OR: 1.002, 1.000–1.003) reached
just independent significance (P = 0.047). The Nagelkerke R2

of the multivariate model was 0.263.

Discussion

This study is unique by including the life-time fractures in

patients with ISM. A high prevalence of osteoporotic fractures

(37%) and of osteoporosis (28%) has been observed. The

prevalence especially of osteoporotic manifestations, defined

as an osteoporotic fracture and/or a BMD T-score � �2.5

SD, in 62% of the male patients is unexpectedly high.

The prevalence of osteoporotic and nonosteoporotic frac-

tures together is much higher than that found in European

population studies (16–20). The nonosteoporotic (high-energy

trauma or unknown trauma) fractures in 32% of the patients

are in line with these international data. The percentage of

osteoporosis is higher in this study than the 18% found in a

Spanish ISM group (4), with a median age of 46 years (37

+ 9 years follow-up), but in accordance with the 34% (19/56)

reported in the ISM subgroup in a French study (8), with

median age of 48 years. Also the percentage of osteoporotic

fractures we reported is much higher than the 5% reported for

the Spanish ISM group. The 27% of fractures in the French

study was reported for all types of patients with SM. Even

considering that we reported life-time fractures, the differences

between the Spanish and our ISM group might be explained

in part by age. Although the median ages do not differ much,

only 6% of the patients were over 60 years of age in the Span-

ish ISM group, while in our group, 23% of the patients were

over 60 years of age. Furthermore, the ISM patients without

UP have a higher percentage of osteoporotic fractures (this

study) and osteoporosis [Spanish study (21)] compared with

the ISM patients with UP; the larger number of patients with-

out UP in our study (29% vs 10% in the Spanish study) might

also have contributed to the found differences.

In order to obtain more knowledge about the pathophysio-

logy of the osteoporotic manifestations in patients with ISM,

we investigated the relation between BMD, clinical symp-

toms, smoking, BMI, and biochemical mast cell parameters.

The results demonstrate that older age, male gender, and

MH are independent predictors for the osteoporotic manifes-

tations. With regard to age and gender, previous population

reports show variances with respect to the age at which frac-

tures occur: life-time fractures are more common in youth

for men and at postmenopausal age for women (22–24). Over

the age of 35 years, fracture incidence in women climbs stee-

ply, so that the rates become twice those in men (25). In our

study, only the premenopausal ISM women seem better

protected for the mastocytosis-driven risk of osteoporotic

fractures than postmenopausal women or men. The fact that

the men with ISM are more prone to get osteoporotic frac-

tures than the ISM-females in both age groups is difficult to

explain. Could it be that men are exposed to more traumas

during their working life and that this in combination with a

more osteoporotic skeleton because of mastocytosis is so det-

rimental? Other explanations might be that the release and/or

the spectrum of the mast cell mediators are different between

the sexes, or that the influence of the mast cell mediators on

bone metabolism is gender dependent; mast cells express both

estrogen receptors as well as androgen receptors, but it is

unknown whether and how sex hormones can influence mast

cell activation (26). Furthermore, Brumsen et al. 2002 sug-

gested that mast cells may play a significant role in the path-

ogenesis of idiopathic osteoporosis in men, and demonstrated

that about 9% of men with idiopathic osteoporosis and no

evidence for extra skeletal mast cell proliferation have bone

marrow infiltration with abnormal mast cells (27). However,

only seven men had osteoporosis as a presenting symptom in

our study, indicating that osteoporosis as presenting symp-

tom cannot be an argument for the 62% osteoporotic mani-

festations we found in men.

In the multivariate analysis, MH reached significance

(P = 0.047) as an independent predictor for osteoporotic

manifestations. Moreover, significant negative correlations

were found between lumbar spine BMD T-score and MH as

well as MIMA. These findings demonstrate an involvement

of the pathological mast cells in the process of bone loss, and

are in line with earlier suggestions from animal experiments

that mast cells may be involved in the events leading to bone

resorption [e.g. via histamine release (28)]. In addition, acti-

vated mast cells release proinflammatory cytokines IL-1,

IL-6, and TNF-a (29), which are important regulators of bone

resorption (28,30). Increased plasma levels of IL-6 have been

observed in patients with ISM (31). The seemingly contradic-

tory finding that low BMD Z-scores were more common in

patients with lower tryptase levels, as reported earlier (32),

might be explained by the fact that several variants of masto-

cytosis were included in that study of only 21 patients with

SM. The 14 included patients with ISM had lower BMD out-

comes as well as lower tryptase levels than the severe variants

of mastocytosis, and the distribution of osteolysis and osteo-

sclerosis among the several SM groups was not reported.

Besides osteolysis also pathological fractures belong to the

C-findings indicative of aggressive disease (3). According to

the WHO subclassification of mastocytosis, all ISM patients

with the C-finding of a pathological fracture should be

regarded as an aggressive SM variant. However, osteoporotic

fractures in patients with ISM should not be regarded as a

C-finding, as the disease process of ISM in our patients have

a benign and indolent course with normal life expectancy,

which is in agreement with the finding by Lim (33) that

patients with ISM have a life expectancy that is not signifi-

cantly different from the control population. This point of

view has previously been discussed (8, 34). Recognition of

the high risk of osteoporotic fractures stresses to establish

the diagnosis of SM as soon as possible using sensitive

and specific methods (35), and stresses that preventive

measurements starts with optimizing the peak bone mass in

the younger patients, recommending of daily exercise, and

ensuring optimal calcium and vitamin D intake and appro-

priate drug treatment in the older patients with low BMD.

More research is needed to investigate whether the use of his-
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tamine blockers and cromoglycin influences the prevalence of

fractures or the BMD, because we cannot exclude that the

high prevalence of fractures and osteoporosis in ISM might

be related to the suboptimal antimediator therapy before the

referral. Oral bisphosphonates have been shown to be effec-

tive in patients with osteoporotic ISM (8).

A limitation of this study is that it is an observational one

of daily clinical practice. Co-morbidity was present in 28%

of the patients. These various co-morbidities might have con-

tributed to the high prevalence of osteoporosis and fractures.

Nonetheless, high percentages were also observed if these

patients with co-morbidities were excluded. Our findings are

in line with the 21% vertebral fractures and 20% osteoporo-

sis found in 82 ISM patients without concomitant diseases

associated with osteoporosis (36). Another limitation was

that we could not use the BMD and biochemical data of the

last visits of 49 patients (31%), because of osteoporotic drug

treatment that was started in the meanwhile (5.13 ± 3.6 years

ago).

The main strength is an in-depth analysis of fractures com-

bined with osteoporosis in younger and older age groups.

Even though mastocytosis is a rare disease, we could study a

large group of patients, representative of the overall ISM

population in the Netherlands, due to the fact that we are a

referral centre for SM.

In conclusion, the prevalence of osteoporotic fractures and

osteoporosis is high in ISM, especially in men. Older age,

male gender, and higher MH levels are independently related

to osteoporotic fractures and/or osteoporosis. These results

stress the relevance of establishing the diagnosis of SM as

soon as possible. Routine BMD measurements and lateral

radiographs of the thoracolumbar spine are needed for early

detection of osteoporosis and vertebral fractures. Efforts

should be made to optimize bone quality by at least ensuring

adequate vitamin D and calcium intake in all patients with

ISM, especially the younger ones, and by adequate drug

treatment in the patients with osteoporosis to reduce the risk

of fractures. Prevention of osteoporosis and osteoporotic

fractures by early start of antimediator therapy might also be

considered, although efficacy data are lacking so far.
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Almeida J et al. Prognosis in adult indolent

systemic mastocytosis: a long-term study of

the Spanish network on mastocytosis in a

series of 145 patients. J Allergy Clin Immu-

nol 2009;124:514–521.

5. Kors JW, Van Doormaal JJ, Breukelman H,

Van Voorst Vader PC, De Monchy JG.

Long-term follow-up of indolent

mastocytosis in adults. J Intern Med

1996;239:157–164.

6. Valent P, Akin C, Sperr WR, Horny HP,

Arock M, Lechner K et al. Diagnosis and

treatment of systemic mastocytosis: state of

the art. Br J Haematol 2003;122:695–717.

7. Travis WD, Li CY, Bergstralh EJ, Yam LT,

Swee RGl. Systemic mast cell disease. Analy-

sis of 58 cases and literature review. Medi-

cine (Baltimore) 1988;67:345–368.

8. Barete S, Assous N, de Gennes C, Grandpeix C,

Feger F, Palmerini F et al. Systemic masto-

cytosis and bone involvement in a cohort

of 75 patients. Ann Rheum Dis 2010;69:838–

841.

9. Genant HK, Wu CY, van Kuijk C, Nevitt

MC. Vertebral fracture assessment using a

semiquantitative technique. J Bone Miner

Res 1993;8:1137–1148.

10. Kanis JA. Assessment of fracture risk and

its application to screening for postmeno-

pausal osteoporosis: synopsis of a WHO

report. WHO Study Group. Osteoporos Int

1994;4:368–381.

11. Donker ML, Van Doormaal JJ, Van

Doormaal FF, Kluin PM, Van der Veer E,

de Monchy J et al. Biochemical markers

predictive for bone marrow involvement in

systemic mastocytosis. Haematologica

2008;93:120–135.

12. Granerus G, Lonnqvist B, Nystrand J,

Roupe G. Serum tryptase measured with

B12 and G5 antibody-based immunoassays

in mastocytosis patients and its relation to

histamine turnover. Br J Dermatol

1998;139:858–861.

13. Keyzer JJ, Wolthers BG, Muskiet FA, Ka-

uffman HF, Groen A. Determination of N

tau-methylhistamine in plasma and urine by

isotope dilution mass fragmentography. Clin

Chim Acta 1981;113:165–173.

14. Keyzer JJ, Wolthers BG, Breukelman H,

Kauffman HF, de Monchy JG.

Determination of N tau-methylimidazol-

eacetic acid (a histamine metabolite) in urine

by gas chromatography using nitrogen-

phosphorus detection. Clin Chim Acta

1982;121:379–387.

15. Oosting E, Keyzer JJ, Wolthers BG, Scholtis

RJ. Age dependent normal values of hista-

mine and histamine metabolites in human

urine. Agents Actions 1988;23:307–10.

16. Kanis JA, Johnell O, Oden A, Sembo I,

Redlund-Johnell I, Dawson A et al. Long-

term risk of osteoporotic fracture in Malmö.
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