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Abstract
Objective − The objective of this case series is to report the varied manifestations of fructose metabolic defects across various age 
groups in Indian children. Case Series − We report 3 cases of fructose intolerance (1 male, 2 female) presenting at 17 months, 
3.3 years and 10 months, with hypoglycaemia, recurrent metabolic acidosis, and abdominal distension with hepatomegaly, re-
spectively. Weight was more affected than height in all of them: 1 child had hypoglycaemia and 2 of them had metabolic acidosis. 
Genetic tests confirmed the diagnosis with 2 patients having mutations in the FBP-1 gene and 1 mutation in the ALDO-B gene. 
Catch up growth was documented with resolution of symptoms in all with a fructose free diet. Conclusion − Fructose metabolic 
defect is a wide spectrum disorder which should be kept in mind in children with failure to thrive, recurrent hypoglycaemia and/
or metabolic acidosis.
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Introduction

Fructose is a major sweetener in our daily diet, with 
a current trend of a global increase in its ingestion. 
Inborn errors of carbohydrate metabolism are a 
group of inherited disorders which include defects 
relating to glucose, galactose, fructose, and pyru-
vate (1). Response to dietary sugar can be different 
in children whose capacity to metabolize fructose is 
limited. Three inborn errors are known in the fruc-
tose metabolism pathway (2): essential or benign 
fructosuria due to fructokinase deficiency; heredi-
tary fructose intolerance (HFI) due to Aldolase B 
deficiency; and fructose-1,6-bisphosphatase (F1,6 
BP) deficiency due to fructose 1,6 bisphosphatase 
deficiency(F1,6 BPD) (Fig.1). Children with these 
disorders have normal growth and development 
during exclusive breastfeeding, but the introduction 

of fructose, sucrose (disaccharide formed by fruc-
tose and glucose) can cause metabolic acidosis, 
vomiting, feeding difficulties, failure to thrive, hy-
poglycaemia, hepatomegaly and jaundice. 

Here we present a case series of 3 children with 
these disorders presenting at various ages, with dif-
ferent manifestations.

Case 1

A boy, 1 year and 5 months old, the first born of 
a non-consanguineous marriage, with birth weight 
of 2.3 kg, presented with a history of multiple sei-
zure episodes at 1 year, 1.3 and 1.5 years. There 
was documented hypoglycaemia during each epi-
sode of seizure. He had normal development with a 
non-contributory family and neonatal history. On 
examination he was underweight, there was frontal 
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bossing and pallor present with no organomegaly, 
and normal genitals. Hypoglycaemia was induced 
by overnight fasting (blood sugar 45 mg/dl) with 
collection of critical samples. He was found to 
have ketotic and acidotic hypoglycaemia (Table-2) 
with normal hormonal evaluation (normal growth 
hormone 12.9 ng/ml, cortisol 40.9 mcg/dl, insu-
lin 0.02 IU/ml and c-peptide 0.8 ng/ml) with el-
evated triglycerides, lactate and uric acid. A genetic 
test [Next Generation Sequencing (NGS)] was sent 
to rule out metabolic defects, and revealed a ho-
mozygous mutation in Exon 8 of the FBP-1 gene 
(c.841G>A). The parents were counselled and he 
was initiated on a fructose-free diet. Catch up in 
weight was documented with no hypoglycaemia 
events at 6 month follow-up.

Case 2

A girl, 3 years and 3 months old, the first born of 
a non-consanguineous marriage, presented with 
fever, vomiting (3-4 episodes) and rapid breath-
ing for one day. There was no history of fever, 

diarrhoea, polyuria, polydipsia, abdominal pain, or 
seizures. She had a birth weight of 3 kg with an un-
remarkable birth history. On detailed evaluation, 
this was found to be the 3rd episode with a similar 
type of complaints. The first 2 episodes were at 8 
months and 2 years and required hospitalisation for 
rapid breathing (investigations suggested metabolic 
acidosis), with normal sugar and urine test results. 
Her episodes were precipitated by febrile illness and 
her symptoms resolved with symptomatic treat-
ment. On examination, she was underweight and 
short, she had pallor without any icterus, clubbing, 
oedema or facial dysmorphism (Table 1). Her liver 
was palpable (5 cm below the coastal margin, soft). 
Investigations revealed metabolic acidosis with in-
creased lactate, triglycerides and mildly raised liver 
enzymes. A genetic test (NGS) was sent to rule 
out metabolic defects and revealed a homozygous 
mutation in exon 8 of the FBP-1 gene(c.841G>A) 
confirming the diagnosis. The parents were coun-
selled to stop fructose rich foods in the diet, and she 
showed catch up growth with no acidosis episodes 
after dietary modifications.

Fig. 1. Fructose metabolism Pathway.
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Case-3

A ten-month old female, born at full term with a 
birth weight of 3 kg, presented with abdominal dis-
tension and had not been growing well for 2 months. 
There was no history of jaundice, vomiting, altered 
sensorium, abnormal movements, fever, decreased 
urine output, or swelling of any other part of body. 
On examination, she was active and playful, there 
was no icterus, pallor, oedema or clubbing but had 
hepatomegaly (liver span 8 cm). The tests showed 
that lactate, triglycerides and serum transaminase 
were mildly elevated (Table 2). Liver biopsy was 
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Fig. 2. Liver biopsy (Case-3) - Macro vesicular fatty 
changes in hepatocytes; Kupffer cells and histiocytes show 
distended cytoplasm (foamy appearance) (H & E stain; 100 
× magnification)

Table 2.  Laboratory Tests

Tests Normal value Case-1 Case-2 Case-3

Blood sugar (mg/dl) >70 45 98 85

pH 7.25-7.35 7.19 6.97 7.23

HCO3 (mEq/L) 20-24 12.0 5.2 17.5

Ammonia (mcg/dl) <65 56  44 60

Lactate (mmol/l) <2 8.3 5.6 6.9

Uric acid (mg/dl) 3.5-7.2 9.0 3.8  8.3

Serum Creatinine (mg/dl) 0.5-1.2 0.17 0.2  0.18

Haemoglobin (mg/dl) 12-14 10.2 11.2 10.9

SGPT/ SGOT (U/l) <40 / <36 36/33 60/58 64/43

Total Cholesterol (mg/dl) <200 197 128 136

Triglycerides (mg/dl) <130 202  40 278

Mutation* - FBP-1 FBP-1 ALDOB

*Next Generation Sequencing (NGS)

Table 1. Clinical Details of Cases

Age at diagnosis
Case 1 
(mos.)

Case 2 
(mos.)

Case 3 
(mos.)

17 39 10 

Onset of symptoms 12 8 8 

Gender Male Female Female

Weight (kg) 7.6 11 6.5

Weight z-score -3.1 SD -2.1 SD -2.2 SD

Height (cm) 81 88 67

Height z-score -0.1 SD -2.3 SD -1.8 SD

Facial features Frontal 
bossing Normal Normal

Hepatomegaly No Yes Yes 

performed which showed macro vesicular fatty 
changes in most of the hepatocytes, with Kupffer 
cells and histiocytes showing distended cytoplasm 
imparting a foamy appearance, suggestive of some 
storage disorder (Fig. 2). A genetic test (NGS) was 
sent to confirm the diagnosis, which revealed the 
diagnosis of HFI (Homozygous missense variation 
in Exon 5 of the ALDOB gene;c.448G>C). A fruc-
tose free diet was initiated and she presented with 
improvement in growth and clinical features.

Clinical details and investigations of all cases are 
enumerated in Table 1 and Table 2 respectively. 
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Discussion

Fructose metabolism defects are inherited disorders 
characterized by hypoglycaemia (lethargy, seizures, 
coma) and lactic acidosis, with the common pre-
cipitating factors being infections, fasting and vom-
iting. The pathway of fructose metabolism defect is 
depicted in Fig. 1. 

Fructose bisphosphatase deficiency is an auto-
somal recessive disorder characterised by impaired 
glucose production from gluconeogenic precur-
sors (including dietary fructose) in the liver (3). 
Childhood manifestations include hypoglycaemia 
and lactic acidosis, with triggering factors being 
fever, diarrhoea, vomiting and prolonged fast-
ing. It was first described in 1970 (4) with the 
first mutation identified in 1995 (5). Hereditary 
fructose-1,6-bisphosphatase deficiency can present 
with hypoglycaemia (low blood sugar), breathing 
difficulties (apnoea), hyperventilation, ketosis (a 
sign of incomplete sugar metabolism), and lactic 
acidosis (6) due to the impaired capacity of the  
liver and other organs to metabolize glycogen (one 
of the major energy reserves of the body). The ma-
jority of patients with FBPase deficiency experience 
normal growth, but may have hypoglycaemic brain 
damage if diagnosis is unaddressed (7).

Case 1 here had classic symptoms, as reported in 
the literature (8) and the patient showed improve-
ment in symptoms and catch-up growth on a fruc-
tose free diet. Our second case had no hypoglycae-
mia events as classically reported, but had recurrent 
episodes of metabolic acidosis with growth failure. 
The possible reason for this is that the disease has 
a wide and non-specific spectrum of symptoms, 
and the patient might not exhibit all symptoms. In 
some cases a high dose of fructose is required to 
cause hypoglycaemia (9) which might not have oc-
curred in our patient at each episode.

HFI is caused by a deficiency of Aldolase B, a 
key enzyme in the fructose pathway which splits 
F-1-P into dihydroxyacetone phosphate and glyc-
eraldehyde in the liver, small intestine and proximal 
renal tubule (10). HFI typically manifests when 

fructose- and sucrose-containing foods are intro-
duced in the course of weaning young infants from 
breast milk (11). Manifestations include nausea, 
bloating, vomiting, sweating, abdominal pain, and 
growth retardation. 

In Case 3, there was no history of vomiting or 
hypoglycaemia, however there was significant ste-
atosis with foamy cells on the liver biopsy, so in 
the absence of typical symptoms it could have been 
misdiagnosed as some storage disorder. There is lit-
erature describing that in individuals with HFI it 
may manifest as chronic liver and/or renal disease if 
they do not adhere to the recommended dietary re-
strictions (12). However, long-term natural history 
studies in untreated individuals are lacking. HFI is 
occasionally recognized in childhood when hepato-
megaly or growth delay is found (13).

Diagnosis can be suspected from clinical features 
with a critical sample (at the time of hypoglycae-
mia) showing ketosis and acidosis. Liver function 
tests are usually not affected in F16 BPD, whereas 
elevated transaminases and liver failure can be seen 
in HFI. Genetic counselling should be offered for 
these patients, and antenatal diagnosis should be 
attempted in subsequent pregnancies.

Conclusion

Fructose metabolic defects should be suspected in 
children with failure to thrive and recurrent meta-
bolic acidosis. Misdiagnosis is quite common be-
cause of the rarity of the condition and the fact 
that it closely mimics other inherited enzymatic 
deficiencies.
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