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Chapter 7 

Hypermetabolism in Gaucher 
disease type I is not associated with 

altered thyroid hormone levels

M. Langeveld, E. Endert, W.M. Wiersinga, J.M. Aerts and C.E.M. Hollak

Adapted from Journal of Inherited Metabolic Disease 2007; 30(6):985



111

Abstract

Objectives and background
Type I Gaucher disease is an inherited storage disorder in which deficiency of the enzyme 
glucocerebrosidase leads to accumulation of glucocerebroside in lysosomes of macrophages. 
These storage cells are present in liver, spleen and bone marrow resulting in hepatosplenom-
egaly, cytopenia and bone complications. Metabolic abnormalities in Gaucher patients 
include hypermetabolism, possibly caused by elevated levels of pro-inflammatory cytokines. 
Non thyroidal illness (NTI) is a combination of changes in circulating thyroid hormone 
levels (decreased T3, elevated rT3, normal or mildly depressed TSH) present in different ill-
nesses and might be an adaptation to protect the organism form harmful catabolic effects of 
hypermetabolism. The hypermetabolism and the elevated cytokine levels in Gaucher disease 
made us hypothesize that the alterations in thyroid hormone levels as seen in NTI might 
also occur in Gaucher patients.

Methods
We studied thyroid hormone levels before and during treatment in 22 adult type I Gaucher 
patients and Resting Energy Expenditure (REE) and correlations with thyroid hormone 
levels in 12 patients.

Results
Baseline thyroid hormone levels were normal in the majority (17) of patients. No cases of 
non-thyroidal illness were detected. Baseline REE (kcal/kg/24 h) was not correlated with 
circulating levels of T3, rT3 or fT4. Treatment of Gaucher disease with Enzyme Replacement 
Therapy (ERT) for several years resulted in a decrease in circulating fT4 levels. After several 
months of treatment most patients showed a decrease in REE. There was no correlation 
between the changes in REE and changes in fT4 and T3.
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Introduction

Gaucher disease, the most prevalent lysosomal storage disease in man, is an autosomal 
recessive disorder in which the inheritance of two mutated alleles of the glucocerebrosidase 
gene leads to impaired degradation of glucocerebroside (glucosylceramide)1. Due to their 
role in phagocytosis and breakdown of blood cells, whose membranes are rich in glycolipids, 
accumulation of glucosylceramide mainly takes place in macrophages. These ‘storage cells’ 
are abundantly present in liver, spleen and bone marrow of Gaucher patients. The phenotype 
of type I Gaucher disease is highly variable, but the most prevalent symptoms are hepat-
osplenomegaly, cytopenia and bone marrow infiltration which can cause bone complications 
such as avascular necrosis and pathological fractures1,2. 
Failure to thrive in children as well as cachexia in adults is a widely acknowledged feature 
of severe Gaucher disease. Less well known is the increased whole body hypermetabolism, 
which is also present in more moderately affected, normal weighted adults. In untreated type 
I Gaucher disease REE is increased up to 24-44%3,4. The cause of this hypermetabolism is 
unclear. It has been hypothesized that increased levels of pro-inflammatory cytokines, re-
leased by Gaucher cells or surrounding activated macrophages5. may be related to this phe-
nomenon. Increased levels of IL 6, IL 8, IL 10, TNFα, sCD14 and M-CSF levels in Gaucher 
disease have been reported6-9. Activation of macrophages (by different stimuli) in in vitro 
studies leads to hypermetabolism, reflected by increased glucose uptake10,11. Interestingly, 
although enzyme replacement therapy (ERT, Cerezyme, Genzyme, Boston, MA) in almost all 
cases leads to reversal of the majority of clinical manifestations, metabolic alterations show 
only a very partial response12.
Whole body metabolism is influenced by thyroid hormone levels. In many conditions that 
are associated with hypermetabolism thyroid hormone levels are altered. Non thyroidal ill-
ness (NTI) or low T3 syndrome, is a combination of changes in circulating thyroid hormone 
levels, which can occur both in acute and chronic illness (e.g. critical illness, chronic liver 
disease) and might be a physiological adaptation to protect the organism form harmful 
catabolic effects of hypermetabolism, such as protein degradation. In NTI, serum triiodothy-
ronine (T3) concentration is decreased and the reverse triiodothyronine (rT3) concentration 
is elevated. In mild to moderate NTI circulating thyroxine (T4), and free T4 concentrations 
remain within reference limits and the TSH concentration remains normal or becomes 
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mildly depressed13.
One of the factors that may play a role in the development of NTI is elevated levels of 
cytokines. In vitro systems and mice models indicate a possible role for TNFα, IL1, IL 2, IL6 
and IFNγ14. Studies in NTI patients showed increased IL6 serum concentration and a corre-
lation between the IL6 concentration and the decrease in T3 and/or the increase in rT315-17.
TNFα has been reported to be elevated in NTI patients in some studies, but was found to be 
normal in others18. IL 8, IL 10 and IFNγ were not correlated with T3 or rT3 levels in NTI 
patients19.
The hypermetabolism and the elevated cytokine levels in Gaucher disease made us hy-
pothesize that the alterations in thyroid hormone levels as seen in NTI might also occur in 
Gaucher patients. We therefore examined the thyroid hormone levels in treatment-naive 
Gaucher patients and determined whether there was a correlation between resting energy 
expenditure (REE) and thyroid hormone levels. To evaluate the effect of ERT on thyroid 
function we repeated the examination shortly after starting treatment and after several years 
of treatment. 

Methods

Patients
Eligible for the study were adult patients with type I Gaucher disease, who were naive to 
treatment when they first visited our outpatient clinic between 1991 and 2003 and later 
started treatment with ERT (n=45). Exclusion criteria were thyroid disease (one patient 
with a high titer of anti-TPO-antibodies and one patients with hyperthyroidism), the use 
of estrogen medication in female patients (n=4) since estrogens increase serum total T4, T3 
and cortisol and severe comorbidity (e.g. malignancies) (n=2). Of the remaining patients, 22 
(16 male, 6 female) had stored EDTA samples available before start ERT (median 0 months 
before therapy initiation, range 6 - 0 months before start), several weeks after start ERT 
(median 4 weeks after start therapy, range 3 days - 12 weeks) and, in a subset of 19 patients 
several years after start ERT (median 9.8 years after start therapy, range 3.3 to 12 years). The 
last time point was missing in three patients, because the treatment duration at the time of 
the study was not long enough to include this time point. Gaucher disease severity was as-
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sessed using the severity scoring index (SSI)20 as mild (SSI 4-12) to moderate (SSI 13-17) in 
all patients (median SSI: 8 range 4 - 17). The median chitotriosidase level, a plasma marker 
to assess Gaucher cell burden, was 20221 nmol/ml.hour (range 7917 - 110754).
Fifteen patients were initially treated with placental derived glucocerebrosidase (Aglucerase, 
(Ceredase), Genzyme Corp., Mass., USA ) and later switched to treatment with recom-
binant enzyme (Imiglucerase (Cerezyme), Genzyme Corp., Mass., USA), seven patients were 
treated from the start with the recombinant enzyme. Median age at start ERT was 35 years 
(range 19 to 68 years). Monthly doses of 15 up to 120 U/kg were applied according to the 
individualized dosing study as described earlier21. Five patients had undergone splenectomy 
before start of treatment. At all three evaluation points TSH, fT4, T3 and rT3 were measured. 

Indirect calorimetry
Indirect calorimetry measures were performed in twelve patients in the context of a previ-
ous study4. These patients do not differ from the whole study population used in this study 
in disease severity or thyroid hormone levels and can therefore be considered representa-
tive for the whole group. The Resting Energy Expenditure (REE) was measured by indirect 
calorimetry before treatment initiation. Oxygen consumption (VO2) and CO2 produc-
tion (VCO2) were measured on an energy expenditure unit (model 2900; Sensormedics, 
Anaheim, CA) with the ventilated hood technique. VO2 and VCO2 were measured con-
tinuously during 20 or 30 minutes. The mean rates of VO2 and VCO2 during the final 10 
minutes were used for calculations of the REE22. In eight patients, who took part in the study 
concerning the effect of ERT on metabolism12 the REE measurement was repeated, in two 
patients after six months in six patients after twelve months of therapy.

Hormone measurements and antibody detection
Hormone assays were performed stored samples. To check whether the storage of samples 
had an effect on thyroid hormone measurements, we compared thyroid hormone levels 
determined in several patients immediately after taking the sample with those measured 
after storage. No effect of storage was found. Serum T3 was measured by in-house RIA 
methods, with a detection limit of 0.3 nmol/l. The intra-assay coefficient of variation was 
3–4% and the interassay coefficient of variation was 7–8%. The reference range for serum T3 
was 1.3-2.7 nmol/l. Free T4 and TSH were measured by time-resolved fluoroimmunoassay 
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(respectively Delfia fT4 and hTSH Ultra; Wallac Oy, Turku, Finland), with a detection limit 
of 2 pmol/l and 0.01 mU/l respectively. The intra-assay coefficients of variation were 4–6% 
and 1–2% and the interassay coefficients of variation were 5–8% and 3–4% respectively. The 
reference range for serum TSH was 0.4–4.0 mU/l and for fT4 10–23 pmol/l. For rT3 meas-
urement an in-house RIA method was used, detection limit 0.03 nmol/l, intra-assay coeffi-
cient of variation 4-6% and interassay coefficient of variation 9-14%. The reference range for 
serum rT3 was 0.11-0.44 nmol/l.

Data analysis
To determine whether endocrine parameters were different in splenectomized patients and 
whether there were differences between the patients using placental derived or recombinant 
enzyme, we used a Mann-Whitney test. To determine changes in TSH, fT4, T3 and rT3 levels 
during treatment with ERT we used the Wilcoxon signed rank test. Correlations were calcu-
lated using a Spearman test. For all tests a p-value<0.05 was considered to reflect statistical 
significance.

Results

Baseline thyroid hormone levels
The thyroid function tests at baseline in the 22 patients are listed in table 1. Values were 
within reference range in all except five patients. Three had elevated TSH levels (4.2-5.5 
mU/L), one had a T3 value of 1.1 nmol/l and one had a fT4 of 26 mmol/L in the presence of 
a normal TSH. There was no significant difference in TSH, fT4, T4, T3 and rT3 concentra-
tion between splenectomized and non-splenectomized patients (data not shown). After sev-
eral weeks of treatment, there was no difference in thyroid hormone levels between patients 
who started treatment with placental derived or recombinant enzyme (data not shown).

TSH (mU/l) fT4 (pmol/l) T3 (nmol/l) rT3 (nmol/l)

Reference range 0.4–4.0 10–23 1.3-2.7 0.11-0.44

Median (range) 
study population

2.3 (0.32-5.5) 14.6 (11.7-25.9) 1.7 (1.1-2.4) 0.19 (0.12-0.31)

Table 1 Baseline thyroid hormone levels in 22 type I Gaucher disease patients
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Figure 1 Baseline levels and changes during treatment with ERT in plasma TSH (mU/L) (A), fT4 (pmol/L) (B), 

T3 (nmol/L) (C), rT3 (nmol/L)(D) and the T3/rT3 ratio (E).
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Figure 2 Correlations between resting energy expenditure (kcal/kg/24 h) and circulating fT4 (A), T3 (B) and rT3 

(C) levels in twelve naïve Gaucher patients. Correlations between changes in REE and changes in circulating fT4 

(D) and T3 (E) levels in eight patients.
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Changes in thyroid hormone levels during treatment with ERT
There was no significant change in TSH level during therapy (figure 1a). There was a sig-
nificant decrease in fT4 concentration after several years of ERT (median 13.7, range 10.6 
to 15.8) compared to the baseline level (p=0.05) and compared to the level after several 
weeks of ERT (median: 16.0 range: 12.9 to 18.7 pmol/L, p=0.00)(figure 1b). T3 levels did not 
change during ERT (figure 1c). rT3 levels decreased significantly after several weeks of ERT 
(median: 0.16 range: 0.10 to 0.26 nmol/L) compared to baseline (p=0.02) but after several 
years of therapy the rT3 level (median: 0.20 nmol/L, range 0.11 to 0.31 nmol/L) did not dif-
fer from baseline (figure 1d).
There was a trend towards decrease of T3/rT3 after several weeks of ERT treatment com-
pared to baseline (median 10.2 range 5.8 to 16.9 versus median 8.8 range 5.5 to 15.8, 
p=0.06), but after several years of treatment there was no difference in T3/rT3 ratio com-
pared to baseline (p=0.84) (figure 1e).

REE and thyroid hormone levels
REE before therapy (kcal/kg/24 h) was not significantly correlated with circulating levels of 
T3, rT3 or fT4 (figures 2a to c). After treatment seven out of eight patients showed a decrease 
in REE (-5.6 to -0.7 kcal/kg/24 hours). This decrease in energy expenditure was accompa-
nied by weight gain in six out of eight patients (1 to 5 kg, data not shown). There was no 
correlation between the changes in REE and the changes in fT4 and T3 (figures 2d to e). 

Discussion

Despite the overt hypermetabolism and elevated levels of circulating cytokines present in 
Gaucher disease, no cases of non thyroidal illness were found in the examined cohort of 
type I Gaucher patients.
A possible effect of ERT on thyroid function that we wanted to rule out was the influence 
of βHCG, which was present in the placental derived enzyme preparations. In pregnancy, 
high circulating βHCG levels (>200.000 U/L) can lead to hyperthyroidism, because the HCG 
molecule can bind to and stimulate the TSH receptor and thus lead to fT4 secretion23. Given 
the relatively low βHCG concentration we measured in the dissolved placental derived 
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glucocerebrosidase (87.509 U/L) it is unlikely that after enzyme administration, the plasma 
βHCG reach levels that lead to TSH receptor stimulation. The fact that we found no new 
cases of hyperthyroidism after treatment initiation confirms this.
The general effect of enzyme replacement therapy on circulating thyroid hormone levels is a 
temporary decrease in circulating rT3 and a long term decrease in fT4. The decrease in rT3 
might be associated with the general decrease in burden of disease resulting from treat-
ment with ERT. ERT leads to a clearance of storage material, resulting in a decrease in liver 
and spleen volume24 and a concomitant decrease in circulating levels of M-CSF, sCD14 and 
CCL187,25,26. Effect of ERT on circulating levels of IL 6, IL 8, IL 10 and TNFα is not known, 
but it can be postulated that the decrease in rT3 after a short period of treatment may be due 
to a decrease in these pro-inflammatory cytokines. This explanation, however, cannot hold 
out since rT3 increases again to baseline levels after several years of ERT, while the improve-
ment of the Gaucher disease parameters continues27. Thus, the observation that no cases of 
NTI were found in this study together with the fact that treatment of Gaucher disease with 
ERT does not lead to consistent changes in T3 and rT3 levels, makes it unlikely that cytokine 
production by macrophages leads to NTI-like changes in thyroid hormone metabolism in 
Gaucher disease. This finding is supported by the results of a study in mice on the role of 
cytokines produced by liver and spleen macrophages in NTI. This study showed no evidence 
that cytokine production by macrophages in these organs is involved in the pathogenesis of 
NTI28.

Hypermetabolism in Gaucher disease is not caused by abnormalities in thyroid hormone 
levels since the level of T3, which is most closely correlated to resting energy expenditure29, 
is not elevated in Gaucher patients and its level does not change during enzyme therapy. 
After six or twelve months of therapy a decline in REE was seen in most patients. This was 
not correlated to the decrease in plasma fT4 nor to changes in T3 levels. 
In conclusion, in Gaucher patients, who carry a high burden of activated macrophages and 
display a high energy requirement, no evidence for altered thyroid function, especially NTI, 
can be established.



120

References

1. Beutler E, Grabowski G. Gaucher disease. In: Scriver CR, Sly WS, Valle D, editors. The metabolic basis, and 

molecular basis of inherited disease. New York: McGraw-Hill; 2001. p. 365–368.

2. de Fost M, Aerts JM, Hollak CEM. Gaucher disease: from fundamental research to effective therapeutic inter-

ventions. Netherlands Journal of Medicine 2003;61: 3-8.

3. Barton DJ, Ludman MD, Benkov K, et al. Resting Energy-Expenditure in Gauchers-Disease Type-1 - Effect of 

Gauchers Cell Burden on Energy-Requirements. Metabolism 1989;38: 1238-1243.

4. Corssmit EPM, Hollak CEM, Endert E, et al. Increased basal glucose production in type-1 Gauchers Disease. J 

Clin Endocrinol Metab 1995;80:2653-2657.

5. Boven LA, van Meurs M, Boot RG, Mehta A, et al. Gaucher cells demonstrate a distinct macrophage pheno-

type and resemble alternatively activated macrophages. Am J Clin Pathol 2004;122(3): 359-369.

6. Allen MJ, Myer BJ, Khokher AM, et al. Pro-inflammatory cytokines and the pathogenesis of Gaucher’s disease: 

Increased release of interleukin-6 and interleukin-10. QJM 1997;90:19-25.

7. Hollak CEM, Evers L, Aerts JMFG. Elevated levels of M-CSF, sCD14 and IL8 in type 1 Gaucher disease. Blood 

Cells Mol Dis 1997;23: 201-212.

8. Lichtenstein M, Zimran A, Horowitz M. Cytokine mRNA in Gaucher disease. Blood Cells Mol Dis 

1997;23:395-401.

9. Michelakakis H, Spanou C, Kondyli A et al. Plasma tumor necrosis factor-a (TNF-a) levels in Gaucher disease. 

Biochimica et Biophysica Acta-Molecular Basis of Disease 1996;1317:219-222.

10. Hamilton JA, Vairo G, Lingelbach SR. Activation and proliferation signals in murine macrophages: stimulation 

of glucose uptake by hemopoietic growth factors and other agents. J Cell Physiol 1988;134:405-412.

11. Malide D, Davies-Hill TM, Levine M, et al. Distinct localization of GLUT-1, -3, and -5 in human monocyte-

derived macrophages: effects of cell activation. Am J Physiol Endocrinol Metab 1998;37:E516-E526.

12. Hollak CEM, Corssmit EPM, Aerts JMFG et al. Differential effects of enzyme supplementation therapy on 

manifestations of type 1 Gaucher disease. Am J Med 1997;103:185-191.

13. Docter R, Krenning EP, de Jong M, et al. The sick euthyroid syndrome-changes in thyroid hormone serum 

parameters and hormone metabolism. Clin Endocrinol 1993;39:499-518.

14. Bartalena L, Bogazzi F, Brogioni S, et al. Role of cytokines in the pathogenesis of the euthyroid sick syndrome. 

Eur J Endocrinol 1998;138:603-614.

15. Bartalena L, Brogioni S, Grasso L, et al. Relationship of the increased serum interleukin-6 concentration to 

changes of thyroid function in nonthyroidal illness. J Endocrinol Invest 1994;17:269-274.



121

16. Boelen A, Schiphorst MCP, Wiersinga WM. Association between serum interleukin-6 and serum 3,5,3’-trii-

odothyronine in nonthyroidal illness. J Clin Endrinol Metab 1993;77:1695-1699.

17. Davies PH, Black EG, Sheppard MC, et al. Relation between serum interleukin-6 and thyroid hormone con-

centrations in 270 hospital in-patients with non-thyroidal illness. Clin Endocrinol 1996;44:199-205.

18. Reincke M, Allolio B, Petzke F et al. Thyroid dysfunction in african trypanosomiasis - a possible role for 

inflammatory cytokines. Clin Endocrinol 1993;39:455-461.

19. Boelen A, Platvoetter-Schiphorst MC, Wiersinga WM. Relationship between serum 3,5,3’-triiodothyro-

nine and serum interleukin-8, interleukin-10 or interferon gamma in patients with nonthyroidal illness. J 

Endocrinol Invest 1996;19:480-483.

20. Zimran A, Kay A, Gelbart T et al. Gaucher disease - clinical, laboratory, radiologic, and genetic features of 53 

patients. Medicine 1992;71:337-353.

21. Hollak CEM, Aerts JMFG, Goudsmit R et al. Individualized low-dose aglucerase therapy for type-1 Gauchers 

disease. Lancet 1995;345:1474-1478.

22. Simonson DC, deFronzo RA. Indirect calorimetry - methodological and interpretative problems. Am J Physiol 

1990;258:E399-E412.

23. Hershman JM. Physiological and pathological aspects of the effect of human chorionic gonadotropin on the 

thyroid. Best Pract Res Clin Endocrinol Metab 2004;18:249-265.

24. Barton NW, Brady RO, Dambrosia JM et al. Replacement therapy for inherited enzyme deficiency – macro-

phage targeted glucocerebrosidase for Gauchers disease. N Engl J Med 1991;324:1464-1470.

25. Boot RG, Verhoek M, de Fost M et al. Marked elevation of the chemokine CCL18/PARC in Gaucher disease: a 

novel surrogate marker for assessing therapeutic intervention. Blood 2004;103:33-39.

26. Deegan PB, Moran MT, McFarlane I et al. Clinical evaluation of chemokine and enzymatic biomarkers of 

Gaucher disease. Blood Cells Mol Dis 2005;35: 259-267.

27. Weinreb NJ. Effectiveness of enzyme replacement therapy in 1028 patients with type 1 Gaucher disease after 2 

to 5 years of treatment: a report from the Gaucher Registry. Am J Med 2002;113:112-119.

28. Boelen A, Platvoetter-Schiphorst MC, van Rooijen N, et al. Selective macrophage depletion in the liver 

does not prevent the development of the sick euthyroid syndrome in the mouse. Eur J Endocrinol 

1996;134:513-518.

29. Freake HC. Thermogenesis and thyroid function. Annu Rev Nutr 1995;15:263-291.


