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Introduction

Shwachman-Diamond syndrome (SDS) is a rare, 
autosomal recessive disorder characterized by pan-
creatic exocrine insufficiency, immune deficiency, 
bone marrow failure, skeletal abnormalities, and pre-
disposition to leukaemia [1]. Patients frequently pres-
ent failure to thrive, susceptibility to infections, and 
short stature [2]. Shwachman-Diamond syndrome 
is a disorder of ribosomal biogenesis, with approxi-
mately 90% of individuals having biallelic mutations 
in the Shwachman-Bodian-Diamond syndrome gene 
(SBDS) located on chromosome 7q11 [3]. Currently, 
mutations in the SRP54, DNAJC21, and EFL1 [4–6] 
have been reported in disorders sharing clinical 

feature of SDS [7]. However, a negative genetic test 
should not exclude the diagnosis. An accurate clini-
cal evaluation is important in order to diagnose the 
presence of the syndrome [2].Along with the afore-
mentioned characteristics, short stature is recognized 
as a common feature of SDS [8, 9]. Moreover, some 
patients with SDS have been diagnosed with growth 
hormone deficiency [2, 8, 10, 11], as well as several 
with type 1 diabetes mellitus (T1DM) [12–15], adrenal 
insufficiency, hypopituitarism, hypothyroidism [15], 
and congenital hypopituitarism [16]. Characteriza-
tion of the SDS clinical phenotype and endocrine 
dysfunction remains incomplete.

The aim of our study was to estimate the prevalence 
of various endocrinopathies in the SDS population.
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membrane assay (ICMA), and steroid hormones by liquid chro-
matography followed by tandem mass spectrometry (LC-MS/MS).
Serum 25(OH)D levels were interpreted as sufficient (> 30–50 
ng/mL), insufficient (20–30 ng/mL), or deficient (< 20 ng/mL) [18].
Pancreatic insufficiency was defined as faecal fat quantities of > 5 
g/day. 72-hour faecal fat quantification using the modified van 
de Kamer method remains the gold standard for diagnosing EPI 
with fat maldigestion. In this method samples were pooled over 
a 3-day period while consuming a normal diet. Enzyme replace-
ment therapy, if implemented, was withheld 7 days before stool 
collection. In patients who had more than 1 test, the highest result 
was taken into consideration [19].
Bone mineral density (BMD) of the lumbar spine (L1–L4) and whole 
body were measured with dual-energy X-ray absorptiometry (DXA, 
Hologic Discovery A®, Bedford, USA). According to the WHO 
classification [20] osteopaenia was defined as T-score from < −1.0 
to −2.5 and osteoporosis as T-score < −2.5.

Statistical analysis
Statistical analysis was performed using Statistica 7.0. (StatSoft, 
INC). Results were expressed as median (range) and frequencies 
for categorical variables. The Fisher test was used for comparison 
of different groups for categorical variables. Student’s t-test was 
used to assess anthropometric parameters. p < 0.05 was considered 
statistically significant.

Results

Patients’ characteristics
Nineteen (13 girls/6 boys, age range 3.5–16.2 years) 
patients diagnosed with SDS were recruited to our 
study (Tab. 1 and 2). All patients were of Caucasian and 
Polish origin with a median age at diagnosis of 2.7 years 
(range: 0.1–12.5 years). The median gestational age was 
39 weeks (range: 33–41 weeks), and the median weight 
at birth was –1.2 SD (ranging from –1.9 to +0.7 SD) in 
the group of boys and –0.7 SD (ranging from –1.7 to +1.5 
SD) in the girls. Pancreatic insufficiency was observed 

Material and methods

Patients
We first performed a retrospective chart review of 5 patients diag-
nosed with SDS and treated in the Endocrine Department of The 
Children’s Memorial Health Institute (CMHI) in Warsaw, Poland 
between 2005 and 2016. Subsequently, 13 patients diagnosed in 
CMHI were recruited prospectively from 2017 to 2019. Inclusion 
criteria included a diagnosis of SDS based on clinical criteria pro-
posed by Dror et al. in 2011 [1], confirmed mutation in the SBDS 
gene (MEDGEN, Poland), and age between 3 and 17 years.

Study procedures
The study protocol was consistent with the Declaration of Helsinki 
and approved by the IRB (33/KBE/2018). Written parental consent 
was obtained in all cases. Patients were assessed by an endocri-
nologist for clinical and laboratory endocrine evaluation. Growth 
hormone (GH) deficiency was observed in 7 patients requiring 
recombinant human growth hormone (rGH) treatment, but only 
anthropometric measurements and laboratory samples carried out 
before rGH substitution therapy were analysed. At 2 years of age, 
2 patients underwent haematopoietic stem cell transplantation 
(HSCT). Data on endocrine screening were collected at the age of 
5 and 6 years.

Clinical and anthropometric data
The endocrinological assessment included data on clinical his-
tory and physical examination with pubertal staging. Axiological 
parameters including body height, weight, and body mass index 
(BMI) (w/h2; w = weight [kg], h = hight [m]) were collected from 
all patients and their parents following standard protocol. Measure-
ments were performed at the Department of Anthropology, CMHI. 
Data were standardized and referred to the average values of the 
population of healthy Polish children [17], expressed as standard 
deviation score (SD) separately for girls and boys, according to the 
following formula: 

Standard deviation score = (X examined – X population)/
/SD of the population. 

Short stature was defined as height below –2.0 SD for age and 
gender. Parental heights were used to calculate mid-parental height 
(MPH). Bone age was analysed using the Greulich and Pyle method.

Biochemical testing
Endocrine test results were collected and compared with age-
appropriate reference ranges established in the clinical laboratory 
of CMHI. Laboratory testing was systematically performed between 
07:00 and 08:00 AM after an overnight fast. Glucose regulation was 
considered abnormal if fasting glucose was ≥ 100 mg/dL, glucose 
in 2-hour oral glucose tolerance test (OGTT) was ≥ 140 mg/dL, or 
haemoglobin A1c (HbA1c) (high-pressure liquid chromatography) 
was > 6.0%. Postprandial insulin (chemiluminescent immunoassay) 
was considered elevated if > 80 mIU/mL on 120’ OGTT. 
All patients with height < −2 SD below mean were evaluated for 
GH deficiency. GH deficiency was diagnosed if stimulated peak 
of GH on 2 standard stimulation tests (with clonidine, glucagon,  
and/or arginine) were < 10 ng/mL. 
Additionally, all patients had undergone insulin-like growth factor 1 
(IGF-1) (radioimmunoassay), insulin-like growth factor-binding 
protein 3 (IGFBP-3) (chemiluminescent immunoassay), thyroid-
stimulating hormone (TSH) (microparticle enzyme immunoassay), 
and free thyroxine (FT4) (equilibrium dialysis) measurements.
Puberty was considered delayed if boys had no signs of pubertal 
maturation by age 14 years, or girls had no breast development 
by age 13 years. Follicle stimulating hormone (FSH) and  lutein-
izing hormone (LH) were measured by immunochromatographic 

Table 1. Patients’ characteristics 

Patients’ characteristics
Study cohort

Male Female

Total 6 13

Gestational age [weeks] 39 [38–40] 39 [33–41]

Preterm 0 2 (15)

Weight at birth [SD] –1.3 [–1.9–0.7] –0.8 [–1.7–1.5]

Length at birth [SD] –1.5 [–1.7– –0.6] –1.1 [–1.7–0.1]

Age at diagnosis [years] 1.4 [0.1–3.5] 3.1 [0.1–12.5]

Pancreatic insufficiency 5 (83) 11 (84)

Neutropaenia 6 (100) 12 (92)

Heart problems 0 1 (7)

Skeletal abnormalities 6 (100) 13 (100)

Hematopoietic stem cell 
transplantation 0 2 (15)

SD — standard deviation score; values are n, n (%) or median [range].  
The percentage is given in brackets and refers to the total count of male  
and female patients
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in 5 boys (83%) and 11 girls (84%). Nine patients (47%) 
were on pancreatic enzyme replacement therapy dur-
ing the observation period. All the patients, except for 
one, presented with neutropaenia. Two patients (10%) 
at the age of 2 years underwent HSCT due to bone 
marrow failure. 

Endocrinologic assessment
In the analysed cohort, 7 patients (37%) were diagnosed 
with growth hormone deficiency (GHD) and had re-
ceived recombinant human growth hormone (rGH) 
(Tab. 3). Treatment with rGH was started at a median 
age of 8.3 years (range: 5–11 years). Five patients are 
still receiving rGH with a good response after 2 years 
of therapy, while 1 patient received the treatment at 
around the time of puberty with a moderate response. 
One girl had been receiving rGH treatment from the 
age 5.5 to 14 years with a final height –2.63 SD; MPH 
0.27 SD. The stimulated peak GH levels were 5.0 ng/mL 
(test with glucagon) and 7.9 ng/mL (test with clonidine) 
and IGF-1 level 62.1 ng/mL (range 59–297). Her height 
before rGH treatment was –3.87 SD. Additionally, 3 
patients had low IGF-1 or IGFBP-3 levels, but their 
heights were > −2 SD and they did not qualify for rGH 
treatment. Sixteen patients (84%) had delayed bone age. 
Their median bone age was 1.4 years (range: 0.5–2.5 
years), which was delayed for their chronological age. 

The group of boys presented with a significantly 
lower height (–2.1 SD, p < 0.0001) and BMI (–1.0 SD, 
p < 0.00001). The group of girls also showed signifi-
cantly lower height (–2.6 SD, p < 0.00001) and BMI (–0.7 
SD, p < 0.0001). The mean mid-parental (MPH) height 
was similar to the mean for the general population. Both 
groups presented with a significant difference between 
subject’s height SD and MPH SD (boys –2.3 SD; girls 
–2.5 SD) (Tab. 2). Fourteen patients (74%) had a height 
below –2.0 SD (Tab. 3). 

Hypothyroidism was reported in 2 (10%) patients 
with TSH >5 mU/L and low FT4 requiring L-thyroxin 
substitution. Thyroid antibodies were negative.

Fasting glucose, insulin, OGTT, C-peptide, and 
HbA1c were normal, except for one patient who was on 
an insulin pump for T1DM. This patient had positive 
islet cell antibodies and a family history of SDS but no 
family history of T1DM. 

One girl was diagnosed with congenital hypopi-
tuitarism during the diagnosis of hypoglycaemia and 
cholestasis at 3 months of age. The endocrinological 
evaluation showed adrenocorticotropin (ACTH) and 
GH deficiency; subsequently, hydrocortisone and rGH 
treatment were started. 

Only 9 of the patients were of pubertal age, and 
they were each appropriately in puberty. One girl 
who underwent prior HSCT had gonadotropin el-
evation (FSH: 20.1 IU/L, range 0.4–12.7) at the age 

Table 3. Percentage of patients with Shwachman-Diamond 
syndrome (SDS) with abnormal endocrine status according 
to sex 

Patients’ characteristics
Study cohort

Male Female

Total 6 13

Patients with 
endocrinopathies

None

One only

Two only

Greater than two

 

1 (17)

4 (66)

1 (17)

0

 

6 (46)

5 (39)

2 (15)

0

GH screen (low IGF-1 and 
low IGFBP-3 or stimulated 
GH < 10)

 4 (66) 6 (46)

GH treatment 2 (33) 5 (38)

Hypothyroidism 1 (17) 1 (8)

Abnormal glucose  
(2-h OGTT glucose > 140 
mg/dL or FPG > 100 mg/dL 
or HbA1c > 6.0%)

1 (17) 0

Type 1 diabetes 1 (17) 0

Adrenal insufficiency 0 1 (8)

Osteopenia  
(BMD < −1.0 T-Score) 4 (80)# 8 (80)#

Short stature  
(height < −2.0 SD) 5 (83) 9 (69)

Delayed bone age 6 (100) 10 (77)

SD — standard deviation score; GH — growth hormone; IGF-1 — insulin-like 
growth hormone; IGFBP-3 — insulin-like growth factor-binding protein;  
OGTT — oral glucose tolerance test; FPG — fasting plasma glucose;  
T1DM — type 1 diabetes mellitus; BMD — bone mineral density.  
Values are n, n (%). The percentage is given in brackets and refers to the total 
count of male and female patients. #BMD measurements data available 
for 5 boys and 10 girls

Table 2. Clinical characteristics of patients with Shwachman-
-Diamond syndrome (SDS) by sex

Patients’ characteristics
Study cohort

Male Female

Total 6 13

Age at endocrine evaluation 
[years] 6.9 [3.5–12.4] 6.8 [3.7–13.2]

Height [SD] –2.1 [–3.6– 
–1.8]*

–2.6 [–5.3– 
–0.8]*

Mid-parental height [SD] 0.1 [–1.3–1.4] –0.1 [–1.5–1.3]

BMI [SD] –1.0 [–1.5–0.5]* –0.7 [–1.7–1.9]*

Difference between 
subject’s height [SD] 
and MPH [SD]

–2.2 [–3.2– 
–2.3]*

–2.5 [–2.1– 
–1.6]*

SD — standard deviation score; *p < 0.05; values shown are as median [range]
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of 5 years, suggestive of partial gonadal impairment 
after HSCT.

All 19 patients had been supplemented with vi-
tamin D. None of the patients had severe vitamin D 
deficiency (median 32.4 ng/mL, range: 22–39 ng/mL), 
but 6 patients (32%) had values consistent with hypo-
vitaminosis. Bone mineral density results were avail-
able for 15 patients, and osteopaenia was found in 12 
patients (80%) concerning their bone age.

Discussion

Shwachman-Diamond syndrome is a rare multisys-
temic genetic disease with no well-defined prevalence. 
Our report evaluates endocrine function in a relatively 
large group of paediatric patients with SDS confirmed 
by molecular testing of the SBDS gene. We found 
a considerably higher incidence of endocrinopathies 
than previously reported [8, 21]. In our cohort, 63% of 
patients had one or more endocrinopathies. In order 
of frequency, these included growth hormone defi-
ciency, hypothyroidism, congenital hypopituitarism, 
and T1DM (Fig. 1). 

Several international registries are working to bet-
ter understand the phenotype of SDS and characterize 
the pathophysiology of this complex disorder [22]. 
However, the endocrine profile of SDS has not been 
well characterized so far. Previous studies of endocrine 
function in patients with SDS consist mostly of reports 
of small numbers of cases, with limited endocrinologic 
evaluations. Only one report by Myers et al. evaluated 
endocrine disorders in SDS, but it was a retrospective 
review and not all tests were performed on every pa-
tient [8]. That might explain why we found a higher 
incidence of endocrinopathies in our cohort.

In 2018 Cipolli et al. published the first growth 
charts for SDS patients from an Italian cohort of 
0–8-year-olds [2].That retrospective study included 
106 patients. The authors created specific charts for 
height, weight, and BMI for SDS children, which serve 
as helpful tools used in monitoring treatment efficacy 
and for the purposes of routine medical follow-up [2]. 
The frequency of short stature was similar to our find-
ings, with 74% of patients having height below the 3rd 
percentile. Although short stature and failure to thrive 
are not included in the diagnostic criteria of SDS, most 
papers [1, 2, 8–10, 15, 23] and our data indicate that 
abnormal somatic development comprises a cardinal 
symptom of the syndrome. Severe growth retarda-
tion is one of the typical features, which can be said 
to be linked to the genetic cause of the disease [2]. It is 
worth emphasizing that BMI is normal in the major-
ity of SDS patients [2, 8], and it should be a reference 
tool for assessing somatic development. The weight 
percentile should be always accessed with regard to 
growth age, instead of calendar age, which can draw 
conclusions inadequately. Metaphyseal chondrodys-
plasia, a well-known feature of SDS, may contribute 
to shorter stature in about one-third of patients with 
SDS [8]. Although, short stature in SDS should not 
be dismissed as simply part of the syndrome, as we 
identified growth hormone deficiency in 7 (37%) 
of the 19 patients. Additionally, rGH treatment was 
reported previously in several cases [2, 8, 10, 11, 23]. 
Children with poor growth or slow growth velocity 
can benefit from an endocrinological evaluation and 
tests for growth hormone deficiency. The association 
of SDS and various malignancies, especially acute 
myeloid leukaemia, raises theoretical concerns about 
rGH safety that must be explained to the patient and 

Figure 1. Endocrine and anthropometric dysfunction in patients with Shwachman-Diamond syndrome (SDS). Bar diagram showing 
frequencies of various endocrine and anthropometric dysfunction in our patients with SDS
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family. Recombinant human GH treatment should by 
conducted to maintain serum IGF-1 in the mid-normal 
range for age. A retrospective report on rGH therapy 
in patients with SDS is needed to assess the efficiency 
and safety of rGH treatment.

Typical skeletal changes are present in all patients 
with SDS; however, their severity and location change 
with age [24]. In the cohort being the subject of analyses, 
all the patients had skeletal changes, but only 7 present-
ed such abnormalities in the physical examination. The 
characteristic changes included delayed appearance of 
secondary ossification centres, metaphyseal dysostosis, 
and generalized osteopaenia [24]. Eighty per cent of the 
patients in the cohort who underwent bone mineral 
density measurements showed osteopaenia. Accord-
ing to Rosendahl et al. and Toiviainen-Salo et al., who 
studied bone mineral density, bone biopsies, and vita-
min D and K status in SDS patients, there is a primary 
defect of bone metabolism in children affected with 
SDS [12, 25]. Vitamin D insufficiency was common in 
our cohort, with 32% having a 25(0h)D level below 30 
ng/mL, despite taking supplements in all cases. Screen-
ing for bone mineral density and vitamin D level should 
be performed in all SDS patients. The delayed bone 
age assessed in 16 (84%) of our SDS patients, similarly 
to the findings of Schaballie et al.  [26], improved the 
prediction of their final height.

Case reports of individuals with SDS and T1DM 
have been described [8,12–14]. Gana et al. reported 
an occurrence rate of T1DM of 3.23% in 62 individu-
als with SBDS from the Italian registry. They noted 
a 30-fold increase of T1DM incidence compared to the 
general population [13]. In our cohort only 1 out of 19 
patients (5%) developed T1DM; comparable results 
were reported by Myers et al. [8]. 

Puberty was present in all our adolescent patients, 
although 1 had FSH elevation consistent with partial 
primary hypogonadism after HSCT.

Intrinsic limitations of our study include the rela-
tively young median age of our patients, so bone den-
sitometry could have been performed only in 15 older 
children. Further prospective studies may be warranted 
to validate and confirm these findings.

Conclusions

In conclusion, SDS predisposes to endocrinopathy. As 
many as 63% of the studied SDS patients presented 
with one or more endocrinopathies. Short stature 
appears to be associated with genotype and growth 
hormone deficiency rather than with malnutrition 
or pancreatic insufficiency. Osteopaenia is a common 
finding in patients affected with SDS. That is why bone 
density measurements and vitamin D3 plasma concen-

tration should be routinely performed. We recommend 
monitoring of height and BMI in children with SDS, to 
diagnose growth failure. Additional endocrine testing 
should be performed if clinically indicated.
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