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Abstract 

A young girl, aged 8½ years, presented with profound hypercholesterolemia and early 

xanthomatosis, suggesting homozygous familial (or type II) hypercholesterolemia. The patient’s 

low density lipoprotein (LDL) receptor function and parental lipoprotein profiles were determined 

to be normal, prompting revision of the initial diagnosis to pseudohomozygous familial 

hypercholesterolemia. When she subsequently presented with giant platelets, the case was 

presented to colleagues on an electronic mailing list. It was recommended that plasma and sterol 

analysis be performed, which led to a diagnosis of sitosterolemia. The presentation of profound 

hypercholesterolomia in childhood that ultimately is not attributed as due to homozygous or 

compound heterozygous defects in the LDL receptor gene has been termed pseudohomozygous 

familial (or type II) hypercholesterolemia (PHT2HC). Patients diagnosed with PHT2HC 

subsequently confirmed to have sitosterolemia have been previously reported only rarely. The 

challenge of achieving accurate specific diagnosis and appropriate workup for these conditions in 

children is discussed in the context of this rare case and review of the historical literature 

concerning these conditions.  

Keywords: Sitosterolemia; Pseudohomozygous type II hypercholesterolemia; Familial 

hypercholesterolemia 
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he rare autosomal recessive disease sitosterolemia was first described by one of the 

authors (WEC) and his colleague in a 1974 report of two  sisters presenting with 

xanthomas and abnormally high plasma and tissue levels of plant sterols, particularly 

sitosterol.
1
 Normally present in only trace amounts in plasma, dietary plant sterols (phytosterols) 

are largely excreted from the body and very poorly reabsorbed. In patients diagnosed with 

sitosterolemia, plant dietetic sterols are not optimally excreted, resulting in a 30-100 fold increase 

in plasma sterol levels. Inability to process sterols ultimately results in tissue deposition and 

potential xanthoma formation.
2-4

  

 

Because of shared clinical features, when hypercholesterolemia is profound, sitosterolemia may be 

erroneously diagnosed as homozygous familial hypercholesterolemia, also referred to as 

pseudohomozygous type II hypercholesterolemia (PHT2HC), based on cholesterol levels and 

xanthomas. However, these conditions have very distinct etiologies, are associated with variable 

atherogenic risk, and require divergent clinical management, emphasizing the need for accurate 

diagnosis. Diagnosis of sitosterolemia in children presenting with elevated cholesterol and early 

xanthomatosis is critical, since the low fat/low cholesterol diet likely to be prescribed in the context 

of a hypercholesterolemia diagnosis is high in vegetable oil content, which could exacerbate the 

metabolic derangements associated with sitosterolemia. We report a pediatric patiend with 

suspected (PHT2HC) who was eventually correctly diagnosed with sitosterolemia that was 

confirmed by biochemical analysis demonstrating elevated plasma levels of phytosterols.
1
 

 

Case Report 

A young girl, aged 8 ½ years, the only child of healthy, nonconsanguineous, caucasian parents, was 

referred to the Universitätsklinik für Kinder und Jugendliche, Erlangen, Germany, Metabolic 

T 
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Division, with findings of profound hypercholesterolemia. At about 12 months-of-age, a tuberous 

xanthoma over the left knee had been observed and excised. Subsequently, xanthomas had 

re-developed over the knees (about 0.5 cm in diameter) and buttocks. The xanthomas, which were 

firm with a smooth surface and without an erythematous base, developed within weeks and were 

classifiable as tubero-eruptive. Initial plasma lipoprotein analysis (figure 1A) measured total 

plasma cholesterol at 602 mg/dL (15.6 mmol/L) with normal triglycerides (85 mg/dL, 0.96 

mmol/L). A low-fat diet (about 30%–35% of total daily caloric intake) had already been started by 

the patient’s pediatrician. 

 

Apart from the xanthomas, the physical examination was unremarkable. No corneal arcus was 

present.
5
 The patient was generally in good health having developed normally, with height and 

weight at the 50
th

 and 25
th

 percentile, respectively, for European girls. Outside of a maternal 

grandfather who had undergone coronary bypass surgery at age 55, no famial history of 

atherosclerotic disease or premature death was noted. 

 

The child showed mild microcytic anemia (blood hemoglobin 1.6 mmol/L, hematocrit 34%) with 

signs of latent iron deficiency (plasma iron 40 µmol/L, transferrin 2.6 g/L, ferritin 17 µg/L), with 

otherwise unremarkable laboratory evaluations at her initial evaluation (figure 1B) including 

platelet count (253 x 10 9/L), blood leucocytes, renal, liver, and thyroid function parameters, blood 

glucose, hemoglobin A1c, coagulation parameters, plasma triglycerides, plasma homocystine, and 

urinalysis. Electrocardiogram and echocardiography were normal. 

 

Lipoprotein electrophoresis showed total plasma cholesterol levels of 290 mg/dL (7.5 mmol/L), 

low density lipoprotein (LDL)-cholesterol at 262 mg/dL (6.8 mmol/L), high density lipoprotein 
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(HDL)-cholesterol 23 mg/dL (0.61 mmol/L), and very low density lipoprotein (VLDL)-cholesterol 

6 mg/dL (0.2 mmol/L). However, plasma apolipoprotein B levels were elevated at 226 mg/dL, 

(normal value < 155 mg/dl). Lipoprotein Lp(a)-RIA was normal (20 mg/dL) and plasma 

apolipoprotein E phenotype was classified as E3/E3. Familial defective Apo B-100 was excluded 

by mutational screening.  

 

Unexpectedly, both parents had completely normal lipoprotein status (total cholesterol level of the 

father was measured at 189 mg/dL/4.9 mmol/L, and the mother at 182 mg/dL/4.9 mmol/L). 

LDL-receptor investigation using a previously published cultured fibroblast approach
6
 exhibited 

full functionality, thereby ruling out diagnosis of familial hypercholesterolemia.  

 

Dietary low-fat therapy led to a remarkable and surprising improvement in lipoprotein status. That 

diet was continued, somewhat modified to include a higher proportion of vegetable oils, especially 

mono-unsaturated fatty acids (olive oil). For antioxidative protection, alpha-tocopherol capsules, 

400 I.E. per day in a plant oil preparation, were prescribed. 

 

The patient was provisionally diagnosed as PHT2HC based on the following criteria: (1) severe 

hypercholesterolemia as seen in homozygous familial hypercholesterolemia with early xanthoma 

development, (2) exclusion of potential secondary causes of hypercholesterolemia, (3) no lipid 

abnormalities in first-degree relatives, (4) normal fibroblast LDL receptor activity, and (5) good 

response to dietary therapy.
7-9 

Cerebrotendinous xanthomatosis, which can also present with 

xanthomas early in life, was ruled out by the profound hypercholesterolemia and the sterol analysis 

showing diagnostic elevation of plant sterol levels.  
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Six months later (figure 1C), plasma lipoprotein status showed further improvement (total 

cholesterol 268 mg/dL–6.91 mmol/L, LDL-cholesterol 212 mg/dl–5.5 mmol/L, HDL-cholesterol 

69 mg/dL–1.8 mmol/l). No new xanthomas had developed, and the existing ones had slightly 

decreased in size and become paler. Liver function, renal function, and coagulation parameters 

were still normal. Total blood cell count, though, showed thrombocytopenia with 96 x 109/L 

platelets/ccm that subsequently decreased to 50 x 109/L platelets/ccm during the following 2 

months. Bone marrow examination showed no signs of malignany or insuffiency, and bone 

marrow megacaryocytes were normal in number and appearance. Peripheral platelet size 

distribution as described by the automatic Coulter blood cell counter indicated platelets were 

increased in size while platelet in vitro aggregation was normal. 

 

Prompted by discussion of the case on the "Metab-L" electronic mailing list for inborn errors of 

metabolism,
10

 plasma plant sterols were measured by gas chromatography
1,4 

and found to be 

markedly elevated: sitosterol 20.7 mg/dL (normal values 0.33 +/- 0.03 mg/dL), campesterol 9.1 

mg/dL (normal 0.55 +/- 0.04 mg/dL), stigmasterol 1.1 mg/dL (normally undetectable or trace), 

total plasma plant sterols 37.9 mg/dL (normal 0.67 +/- 0.09 mg/dL), 19% of total plasma sterols. 

Plasma cholestanol (3.0 mg/dL, normal 0.41 +/- 0.17 mg/dL), sitostanol (5.5 mg/dL), and 

campestanol (1.5 mg/dL) were also markedly elevated (Table 1). Plasma sterol composition of 

both the mother (sitosterol 0.2 mg/dL, campesterol 0.6 mg/dL, stigmasterol, cholestanol, sitostanol 

and campestanol not detectable) and father (sitosterol 0.1 mg/dL, campesterol 0.1 mg/dL, 

stigmasterol, cholestanol, sitostanol and campestanol not detectable) were normal. 

 

With a diagnosis of sitosterolemia established, dietary therapy was completely changed to a low 

total fat (30% of total daily caloric intake) and low vegetable oil scheme
2
 that proved challenging 
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for daily compliance. Further improvements were noted in plasma total cholesterol (155 mg/dL, 

4.0 mmol/L, LDL-cholesterol 109 mg/dL, 2.8 mmol/L, HDL-cholesterol 44.1 mg/dL, 1.14 

mmol/L) 8 weeks after low plant sterol diet was prescribed, but platelet counts remained low, and 

no reduction in plasma plant sterols was noted. Cholestyramine (16 g per day, 0.5 g /kg) was added 

as a therapeutic intervention based on previous demonstration of responsiveness to this adjunctive 

therapy in a case presenting with a similar clinical profile.
11

 Total cholesterol remained at 157 

mg/dL–4.0 mmol/L 8 weeks following initiation of colestyramin therapy, while platelet counts 

remained unchanged; however, plasma plant sterols were decreased >50% (sitosterol 14.6 mg/dL, 

campesterol 5.0 mg/dL, stigmasterol 0.5 mg/dL, total plasma plant sterols 24.4 mg/dL) with 

plasma cholestanol non-detectable, sitostanol at 3,8 mg/dL, and campestanol at 0.5 mg/dL (figure 

1E). Buttock and knee xanthomas vanished within 6 months post-cholestyramine therapy 

inititation, leaving only reddish scar-like marks. One year post-colestyramin initiation, platelet 

counts measured 122 x 10
9 

/L (figure 1F). 

 

Discussion 

Over the past 50 years, research has more clearly elucidated the underlying causes of several 

conditions impacting on lipid metabolism that may present with similar clinical features, but which 

require divergent clinical management based on the etiology of the conditions. The most common 

of these conditions, familial hypercholesterolemia, is a heritable condition arising from functional 

mutations of genes whose products are associated with lipid processing.
12,13

 The most commonly 

reported mutations impact the LDL receptor gene (LDLR), resulting in receptors with reduced 

capacity to process LDL.
12,13

 Less frequently observed mutations associated with familial 

hypercholesterolemia have also been defined and occur at the level of APOB, and gain-of-function 

mutations in PCSK9, whose gene products support normal functioning of the LDL receptor. 
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Autosomal recessive LDL adaptor protein (LDLRQP1) mutation is also causal for familial 

hypercholesterolemia.
13

 The condition is typically characterized by abnormally elevated serum 

LDL cholesterol levels, a family history of hypercholesterolemia, tendon xanthoma formation, 

high risk for premature atheroma formation, and a subset may exhibit cornal arcus.
5
 Homozygous 

or compound heterozygous mutations in LDLR result in the particularly severe form of familial 

hypercholesterolemia, known as homozygous familial (or type II) hypercholesterolemia, in which 

hypercholesterolemia is profound, and premature cardiovascular disease can present in childhood. 

Therapy has included lipid lowering therapy (statins with or without ezetibmibe, a cholesterol 

absorption inhibitor,
14

 lipoprotein apheresis, plant sterol supplementation,
15

 or new classes of 

agents including lomitapide and mipomersen.
13

 

 

PHT2HC was first first described in 1974
7
 following unsuccessful identification of other potential 

causes for hypercholesterolemia in a case of profound hypercholesterolemia not caused by LDLR 

defect. Cases presenting with this condition, whose etiology remains undefined, also exhibited 

remarkably elevated cholesterol levels with normal triglyceride levels and presentation of 

cutaneous and tendon xanthomas during childhood but lacked familial history of 

hypercholesterolemia in first degree relatives.
7-9

 Whereas these patients were at high risk for early 

atherogenesis, significant reduction in serum cholesterol was achieved in response to dietary 

therapy incorporating a low fat, low cholesterol diet in combination with administration of bile acid 

resin.
7-9

 Further, patients with PHT2HC exhibit normal LDL receptor function.
16 

Based on
 
genetic 

analysis, Rees et al
17 

found that large platelet size is a characteristic hematological presentation in 

phytosterolemia, suggesting that the platelet size should be noted in patients with 

hypercholesterolemia. 

 



Renner and Steiner  doi:10.3121/cmr.2016.1294 

Rare sitosterolemia case presentation  Page 9 

Copyright © 2016 Marshfield Clinic Health System 

Sitosterolemia, a very rare disease, is associated with inability to effectively eliminate plant sterols. 

This condition also features tendon xanthoma formation as a clinical presentation and is typically 

associated with normal or only moderately elevated plasma cholesterol concentrations, with 

cholesterol levels responsive to dietary intervention, consistent with findings of reduced 

HMG-CoA reductase activity in sitosterolemia,
3,18

 and therefore overlap with some criteria for 

PHT2HC. However, an additional rare documented presentation of sitosterolemia includes 

profound hypercholesterolemia and xanthomas in childhood.
19-22

 These patients with 

sitosterolemia may also exhibit stomatocytosis and macrothrombocytopenia, as described in the 

present case. Further, these patients do not have family histories of of hypercholesterolemia (unless 

coincidental), and like our index patient, exhibit normal LDL receptor function in in vitro 

assays.
6,16

  

 

The genetic underpinnings of sitoserolemia were elucidated by Berge et al,
23

 Lu et al,
24

 and Lee et 

al,
25

 following mapping of causal genetic mutations in two highly homologous genes in the STSL 

locus on chromosome 2p21. Specifically, mutations in ABCG5 or ABCG8 impede dimerization of 

the gene expression products, sterolin 1 or 2, respectively, resulting in prevention of expression at 

the cellular lumen of canalicular hepatocytes and intestinal brush border enterocytes, where they 

normally function as efflux pumps to extrude phytosterols into bile for eventual incorporation into 

chylomicrons and subsequent elimination.
26,27

 Diagnosis is validated via plasma sterol profiling by 

gas chromatography to determine levels of sitosterol, campesterol and stigmasterol.
2-4

 

 

Only few case reports in patients where sitosterolemia was recognized as a cause of PHT2HC have 

been previously reported including three Japanese reports of two unrelated subjects and one pair of 

sisters,
19-21

 and one report on two unrelated Chinese patients,
22

 with a history of xanthoma 
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development during childhood. Lee et al,
28

 in 2001, were the first to demonstrate that subjects 

identified as pseudohomzygous familial hypercholesterolemia had sitsterolemia. Another potential 

case in a black child with a profile similar to our case was reported as sitosterolemia.
11

 A recent 

case series reported in Europe by Hansel et al
29

 presented followup in five adult cases genetically 

confirmed for a sitosterolemia diagnosis who presented with xanthomas during childhood, and 

who, like our case, presented with what the authors termed as “transient hypercholesterolemia” that 

was responsive to dietary intervention, although, as in Belamarich’s report
11

 there was no diagnosis 

of PHT2HC. Two sisters in his report matched criteria for PHT2HC due to lack of family history of 

hypercholesterolemia, whereas familial hypercholesterolemia could not be ruled out based on data 

presented for the other cases. No cardiac disease development over time was documented in these 

confirmed sitosterolemic patients. The authors posited that premature development of 

cardiovascular disease reported in some patients with sitosterolemia was likely not a function of the 

elevations in phytosterol levels. Similarly, cardiology findings were normal in our index case.  

 

Diagnosis of sitosterolemia remains most challenging in children. Pediatric patients may present 

planar, tuberuous, or tuberoeruptive xanthomas in various anatomical locations. Buttock 

xanthomas should prompt consideration for this disorder. Notably, affected children may present 

with elevated cholesterol responsive to dietary intervention. However, differentiation of 

sitosterolemia from familial hypercholesterolemia is essential, since conventional high vegetable 

(plant) oil-cholesterol-lowering diets are contraindicated in the sitosterolemic patient where dietary 

therapy aims to delimit phytoserol accumulation in the body.
3
 Moreover, incomplete diagnostic 

evaluation may lead to iatrogenic deterioration of the patient’s condition, as in our patient, where 

development of thrombocytopenia prompted further testing to arrive at an accurate diagnosis. Lack 

of family history, presence of xanthoma, and normal LDL receptor function in our subject was 
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consistent with PHT2HC. The sitosterolemia diagnosis, however, was contingent on demonstration 

of elevated plant sterol concentrations. Notably, caution must be exercised in conducting 

phytosterol determinations in very young formula-fed infants, since diagnosis of sitosterolemia 

may be further confounded due to high content of plant sterols in formula.  

 

In the present case, we did not have the opportunity to carry out DNA mutation analysis for ABCG5 

or ABCG8 mutations. In addition, ezetimibe was not prescribed in this patient, although that has 

become a standard therapy since the time this patient was diagnosed, and its use can ameliorate 

platelet defects.
30

  

 

In summary, it is important to consider a differential diagnosis in children presenting with 

profound hypercholesterolemia with a probable familial hypercholesterolemia diagnosis. Further, 

cases in which familial hypercholesterolemia is not confirmed, who may be labelled as PHT2HC, 

should be screened for sitosterolemia despite its rarity. Accurate diagnosis is critical to appropriate 

dietary management. Standard dietary therapy for hypercholesterolemia is not therapeutic in 

patients with undiagnosed sitosterolemia presenting with clinical features consistent with 

PHT2HC. Whereas plasma cholesterol was reduced in our patient by dietary measures, reduction in 

plasma plant sterols levels proved resistant to low fat dietary therapy alone and only improved with 

cholestyramine administration. Currently, clinical management with inclusion of ezetimibe as a 

therapeutic adjunct is recommended as a safe, effective cholesterol lowering agent in the context of 

long-term use.
31,32

 Ezetimibe inhibits NPC1L1 sterol resorption at the level of the intestinal 

lumen.
33

 

 

Based on our experience and only rare reports in the historical literature, we underline the necessity 

of recognizing PHT2HC, especially in pediatric patients, and recommend testing patients with 
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PHT2HC for sitosterolemia, which may be one of the more common etiologies. Further, pediatric 

sitosterolemic cases reported to date have exhibited variablilty in clinical presentation and 

association with premature atherosclerosis. In fact, based on recent historical review of the 

literature, premature atherosclerosis has not been suggested as a distinguishing feature of 

sitosterolemia.
31

 Finally, Silbernagel et al
34

 recently reported existence of risk alleles in ABCG8 

and ABO variants in association with elevated cholestrol and cardiac disease, suggesting that 

cardiovascular disease risk may be a function of the causal mutation. Improvement of cholesterol 

levels with dietary intervention, as observed in our case, and adjunctive treatment, would be 

expected to decrease future cardiovascular risk.  
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Table 1: Course of plasma sterol elevation 

Treatment 
(see figure 1) 

Normal Values 
High vegetable 

oil diet 
(C=12 months) 

Low fat / sterol 
diet (D=8 
weeks ) 

Diet + 
cholestyramine 

(E=8 weeks) 

Diet + 
cholestyramine 
(F=12 months) 

Sterol mg/dl mg/dl mg/dl mg/dl mg/dl 

Sitosterol 0.33 +/- 0.03  20.7 26.2 16.9 15.3 
Campesterol 0.55 +/- 0.04  9.1 12.8 5.0 5.6 
Stigmasterol undetectable or 

trace 
1.1 1.1 0.5 0.5 

Cholesterol 100-170 268.0 158.0 157.0 157.0 
Cholestanol 0.41 +/- 0.17  3.0 2.7 trace trace 
5-α Sitostanol  5.5 7.5 3.8 3.9 
5-α Campestanol  9.1 12.8 5.0 0.7 
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Figure 1. Plasma cholesterol and blood platelet count (for plant sterols see Table 1). 

 

A: initial presentation  

B: six-month control on low-fat, high-vegetable-oil diet  

C: twelve-month control on high-vegetable-oil diet: diagnosis  

D: eight-weeks low-fat/sterol diet  

E: eight-weeks diet plus oral cholestyramine  

F: one year on diet plus oral cholestyramine 

 


