
ORIGINAL ARTICLE

Clinical and molecular investigation of 14 Japanese
patients with complete TFP deficiency: a comparison
with Caucasian cases

Ryosuke Bo1,2, Kenji Yamada1, Hironori Kobayashi1, Purevsuren Jamiyan3, Yuki Hasegawa1, Takeshi Taketani1,
Seiji Fukuda1, Ikue Hata4, Yo Niida5, Yosuke Shigematsu4, Kazumoto Iijima2 and Seiji Yamaguchi1

Mitochondrial trifunctional protein (TFP) deficiency is an inherited metabolic disorder of mitochondrial fatty-acid oxidation.

Isolated long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency is often reported in Caucasian countries due to a common

mutation. However, the molecular and clinical basis of complete TFP deficiency has not been extensively reported. In this study,

14 Japanese cases (13 families) with complete TFP deficiency, including 9 previously reported cases, were analyzed to clarify

the clinical and molecular characteristics of TFP deficiency. The clinical types of the 14 patients were as follows: 12 cases of

neonatal (n=7) or myopathic (n=5) types and 2 cases of intermediate type. Peripheral neuropathy was found in four cases and

hypocalcemia due to hypoparathyroidism, which is rarely reported in Caucasian patients, had developed in four cases. Maternal

hemolysis, elevated liver enzymes and low platelet count syndrome and acute fatty liver of pregnancy were noted in two and one

mothers, respectively. Fourteen mutations were identified in 26 alleles in Japanese patients, including two novel mutations

(HADHA: c.361C4T, and HADHA-HADHB: g.26233880_ 26248855del), although no common mutations were found. This

study suggests that the molecular and clinical aspects of Japanese patients with TFP deficiencies differ from those of Caucasian

patients.
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INTRODUCTION

Mitochondrial trifunctional protein (TFP; OMIM: 609015) consists of
three enzymes that are involved in the final three steps of β-oxidation
of long-chain fatty acids: long-chain enoyl-CoA hydratase (EC
4.2.1.74), long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD,
EC 1.1.1.211) and long-chain 3-ketoacyl-CoA thiolase (LCKT, EC
2.3.1.16).1 TFP is a hetero-octamer of four α-subunits harboring
LCHAD and long-chain enoyl-CoA hydratase as well as four
β-subunits harboring LCKT, which are located in the mitochondrial
inner membrane. These subunits are encoded by HADHA (OMIM:
600890) and HADHB (OMIM: 143450), respectively, and both share a
bidirectional promoter on chromosome 2p23. Mutations in HADHA
or HADHB disrupt the conformation of the TFP hetero-octamer,
which results in reduced activity of all three enzymes.2–5 However,
a mutation in the catalytic region reduces the activity of only
one enzyme without inducing a conformational change. Therefore,
mutations in the HADHA and HADHB genes result in two different
biochemical phenotypes. Complete TFP deficiency involves the
reduced activity of all three TFP enzymes, whereas isolated LCHAD
or LCKT deficiencies are associated with a deficiency in the activity of
each enzyme.6,7 The majority of Caucasian patients reported in the

literature presented isolated LCHAD deficiency due to a common
mutation, c.1528G4C, in the HADHA gene, but few reports have
examined complete TFP deficiency in Caucasian patients.8,9 However,
in Japan, only a few patients with complete TFP deficiency have been
reported,10–15 and no patients have been reported with isolated
LCHAD deficiency.
Complete TFP deficiency is clinically classified into three types,

similar to other fatty-acid oxidation disorders: (1) lethal type
(neonatal-onset form), which includes the development of profound
hypoglycemia, lactic acidosis and cardiomyopathy during the neonatal
period and is associated with a high mortality rate; (2) intermediate
type (infant-onset form), which is accompanied by episodic hypoke-
totic hypoglycemia or hepatic dysfunction following infection or long
periods of fasting during the infancy period; and (3) myopathic type
(adult-onset form), which is characterized by muscular symptoms,
such as intermittent myalgia or rhabdomyolysis, and is associated
with prolonged exercise in adolescence or adulthood.10 Complete
TFP deficiency or isolated LCHAD deficiency likely present unique
clinical symptoms, such as retinopathy or neuropathy.16,17 Moreover,
pregnant women with a fetus affected with complete TFP deficiency or
isolated LCHAD deficiency often show hemolysis, elevated liver
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enzymes and low platelet count syndrome or acute fatty liver of
pregnancy.7,18,19

To identify the clinical and genetic differences between patients of
European and Japanese descent, we investigated the clinical and
molecular characteristics of 14 Japanese patients with complete TFP
deficiency.

MATERIALS AND METHODS
The Ethical Committee of Shimane University Faculty of Medicine approved

the study protocol, and the parents of the participants provided written

informed consent.

Participants
Fourteen Japanese cases (13 families) with complete TFP deficiency were

diagnosed at Shimane University. In addition to acylcarnitine and genetic

analyses, western blots, enzyme assays, or both were conducted for 12 of the

14 cases. Five cases had previously been reported,10 four cases were described

in case reports,11,13,15 and five cases were newly diagnosed and analyzed.

The clinical course, birth records, present status and therapeutic regimens were

obtained using questionnaires administered by the attending physicians.

Genetic analysis
Genomic DNA was extracted from fibroblasts or lymphoblastoid cells using the

QIAamp DNA Micro Kit (Qiagen GmbH, Hilden, Germany). Both the

HADHA and HADHB genes, which encode TFP, were sequenced as previously

reported.10 Genetic structures were obtained from the GenBank database.

Western blots
A western blot analysis of TFP in cultured fibroblasts or lymphoblastoid

cells was performed using a rabbit polyclonal antibody raised against both

the α- and β-subunits of TFP; Dr T Hashimoto, Professor Emeritus,
Shinshu University, Matsumoto, Japan kindly provided the antibody.
The signals of the α- and β-subunits were visualized using an ImmunoPure
NBT/BCIP Substrate Kit (Promega, Madison, WI, USA) as previously
described.20

Enzyme assay
LCHAD and LKAT activities were determined in fibroblasts or lymphoblastoid
cells, and the values of LCHAD and LCKT activity are expressed as % of
normal control (means± s.d.). Control data represent individuals without
fatty-acid oxidation disorders (n= 5, 1: fibroblasts and lymphoblastoid cell,
respectively).
As described in a previous report,10 LCKT activity was measured in 100 mM

Tris-HCl (pH 8.3), 50 mM KCl, 25 mM MgCl2, 0.1% (w/v) Triton X-100 and
0.2 mg ml− 1 bovine serum albumin, with 10 μM 2-ketopalmitoyl-CoA as a
substrate. The reaction was started by the addition of coenzyme-A, followed by
absorbance measurements at 303 nm using a Shimadzu UV-1600 Spectrometer
(Shimadzu, Kyoto, Japan).
As described in previous reports,21,22 the activity of LCHAD in the

fibroblast homogenates was measured in a medium containing 50 mmol
2-(N-morpholino)-ethanesulphonic acid, 100 mmol potassium phosphate,
0.1 mmol dithiothreitol, 0.1% (w/v) Triton X-100, 100 mmol NADH
(final pH 6.16) with or without a final concentration of 5 mmol l− 1

N-ethylmaleimide to inhibit LCHAD activity. The reaction was initiated by
adding 3-ketopalmitoyl-CoA at a final concentration of 25 μmol l− 1, and
absorbance was measured at 340 nm.

RESULTS

Clinical manifestation
The clinical features and courses of the 14 cases (from 13 families)
with complete TFP deficiency, including the previously reported cases,

Table 1 Clinical characteristics of the 14 Japanese cases of TFP deficiency

Complications

Case Sex Onset Symptoms at onset Clinical course, outcome

Pathogenic

gene Hypoparathyroidism

Peripheral

neuropathy

Maternal

complications Reference

Lethal type
1 F 2 d Hypotonia, coma Death (6 d) HADHA — — — Present study

2 F 2 d Cardiac failure Death (44 d) HADHA — — — Present study

3 M 8 d Cardiac failure Death (13 d) HADHA — — HELLP Present study

4 F 0 d Respiratory failure Death (8 d) HADHB — — — Purevsuren et al.10

5 F 0 d Cardiomyopathy Death (40 d) HADHB — — AFLP Kobayashi et al.15

6 M 2 d Cardiopulmonary arrest 2 y, Rhabdomyolysis HADHB ○ — — Purevsuren et al.10

7 M 5 d Cardiomyopathy Death (3m) HADHB — — — Purevsuren et al.10

Intermittent type
8 F 9 m Seizure, lactic acidosis 9 m, Rhabdomyolysis

Mental retardation

HADHB — — HELLP Purevsuren et al.10

9 M 13 m Lethargy, respiratory

failure

13 m, Recurrent hypotonia

Developmental delay

HADHB ○ — — Purevsuren et al.10

Myopathic type
10 F 2 y Rhabdomyolysis 9 y, Wheelchair-mobile HADHB ○ ○ (CMT) — Naiki et al.13

11 M 3 y Rhabdomyolysis 10 y, Artificial ventilation HADHB ○ ○ (CMT) — Naiki et al.13

12 F 3 y Fatigued easily on

long walk

9 y, Rhabdomyolysis HADHB — ○ — Yagi et al.11

13 M 5 y Myalgia,

rhabdomyolysis

5 y, Rhabdomyolysis Unknown — — — Present study

14 M 15 y Myalgia 15 y, Rhabdomyolysis HADHB — ○ — Purevsuren et al.10

Abbreviations: Age, y (years), m (months), d (days); CMT, Charcot-Marie-Tooth; F, female; HELLP, hemolysis, elevated liver enzymes and low platelet count; M, male.
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are summarized in Table 1. All patients were diagnosed via high-risk
screening and not newborn mass screening. Cases 10 and 11 were
siblings. Three of the 13 families (cases 7, 10–11 and 14) demonstrated
consanguineous marriage.
Seven of the 14 cases (50%) were diagnosed as the lethal type, all of

whom presented with severe symptoms including metabolic acidosis,
cardiomyopathy and respiratory failure within 8 days of life. Six of the
seven cases (cases 1–5, 7) died soon after birth (between day 6 and
month 3), despite various treatments. The remaining case (case 6) was
delivered via a scheduled Cesarean section and suddenly developed
cardiopulmonary arrest in the hospital after 45 h of life.
Cardiac pulmonary resuscitation was performed successfully for
approximately fifty minutes and he is now 3 years old. Two episodes
of rhabdomyolysis (creatine kinase 4100 000 U l− 1) have been noted
following infectious disease.
Only two of the 14 cases (14%) that had been previously

reported were classified as the intermediate type. Case 8 presented
unconsciousness with lactic acidosis at 9 months of age. After that
episode, she developed recurrent rhabdomyolysis. Case 9 initially
developed respiratory failure and hypotonia at 13 months. These two
cases did not present with recurrent hypoketotic hypoglycemia.
Five of the 14 cases (36%) were classified as the myopathic type.

Cases 10 and 11 needed assistance due to artificial ventilation and a
wheelchair, respectively, whereas the other three patients presented
with relatively milder muscular symptoms, such as rhabdomyolysis,
myalgia or muscular hypotonia following infection. In addition, the
age at onset of four cases ranged from 2 to 5 years, and recurrent
rhabdomyolysis developed a few years later.
Although complications due to retinopathy were not present in any of

the cases, peripheral neuropathy of motor dysfunction and abnormal
sensory nerves occurred in four cases (cases 10–12 and 14). Two of the
four cases with peripheral neuropathy (cases 10 and 11) had been
misdiagnosed with CMT (Charcot-Marie-Tooth) disease. Moreover, cases
6, 9, 10 and 11 were associated with hypocalcemia due to hypoparathyr-
oidism. Two of the pregnancies were complicated by hemolysis, elevated
liver enzymes and low platelet count syndrome (cases 3 and 8), and one
was complicated by acute fatty liver of pregnancy (case 5).
In addition to the usual therapeutic recommendation of fatty-acid

oxidation disorders (FAODs), bezafibrate (BEZ) was administered to
five cases presenting with recurrent rhabdomyolysis (cases 6, 8, 12, 13
and 14). Significant reductions in the number of rhabdomyolysis
episodes were observed in cases 6, 8 and 13, whereas no changes were
detected in cases 12 and 14 according to the attending physicians.

Western blotting
Figure 1 shows the western blots for TFP performed on the fibroblasts
of newly diagnosed cases (case 1, 5, 6 and 13), whereas other patients,
with assays performed at different times (case 4, 7–12), had been
reported. No TFP-α or -β proteins were visualized in any of the cases,
whereas the presence of very long-chain acyl-CoA dehydrogenase as a
positive control was confirmed. Eventually, 12 cases were diagnosed
with complete TFP deficiency.

The enzyme activities of LCHAD and LCKT
The LCHAD and LCKT activities of fibroblasts (cases 1, 4–9 and
12–14) and lymphoblastoid cells (cases 10 and 11) were also measured
(see Table 2).
In normal control, the LCHAD and LCKT activity of fibroblast was

68.3± 14.2 nmol min− 1 mg− 1 protein, 6.5± 1.0 nmol min− 1 mg− 1

protein (mean± s.d.), respectively. The LCHAD and LCKT
activity of lymphoblastoid cell was 73.3 nmol min− 1 mg− 1 protein,
8.0 nmol min− 1 mg− 1 protein, respectively.
Compared with the normal control, a reduction of LCKT activity

was observed in all 12 cases (13.7± 5.2%, 8.4± 5.0%: using fibroblasts
and lymphoblastoid cells, respectively). The activity of LCHAD
remained relatively high (27.8± 6.6%, 48.1± 1.1%: using fibroblasts
and lymphoblastoid cells, respectively). N-ethylmaleimide, a specific
inhibitor of LCHAD, obviously inhibited the LCHAD activities in the
controls, whereas those in the patients remained almost unchanged,
indicating that N-ethylmaleimide could not further inhibit the
LCHAD activity of patients. These high residual activity of LCHAD
was likely derived from short-chain hydroxyacyl-coA dehydrogenase,
which was not inhibited by N-ethylmaleimide in previous reports.21

Eventually, both the reductions of LCHAD and LCKT activities
demonstrated that 12 patients suffered from complete TFP deficiency
and not from isolated LCHAD or LCKT deficiency.

Genetic analysis
The identified mutations of the 13 cases are summarized in Table 2.
Mutations in three of the 13 cases were identified on HADHA,
and those of the remaining 10 cases were identified on HADHB.
Direct sequencing following diagnosis by enzymatic assay and
western blotting failed to identify mutations in the coding regions
or exon–intron boundaries of HADHA and HADHB in case 13. In this
study, two novel mutations were identified: HADHA: c.361C4T, and
HADHA-HAHDB: g.26233880_ 26248855del. These novel mutations
were not detected in the 100 alleles from unaffected Japanese
individuals.
In case 3, a homozygote of c.157C4T on HADHA was initially

suspected via direct sequencing; however, a maternal molecular
analysis could not identify this mutation. The large deletion of
HADHA was suspected based on the complementary DNA analysis.
Eventually, long-PCR sequencing revealed a 14 976 bp deletion
spanning from intron 5 of HADHA to intron 1 of HADHB owing
to Alu arrangements (Figure 2).

DISCUSSION

This study clearly demonstrated the following clinical and molecular
characteristics of Japanese patients with TFP deficiency, compared
with Caucasian patients previously reported (Table 3): (1) the lethal
and myopathic types predominated, whereas the intermediate type was
small and (2) despite the large numbers of mutations that were
identified on HADHB, no common mutations were detected in
Japanese patients.

Figure 1 Western blot analysis of fibroblasts in patients with newly
diagnosed complete TFP deficiency (case 1, 5, 6 and 13). Proteins from the
indicated sources were examined. TFPα and TFPβ represent alpha- and
beta-subunits of TFP, respectively. The positions of the alpha- and
beta-subunits of the TFP and VLCAD proteins are indicated by arrows.
VLCAD: very long-chain acyl-CoA dehydrogenase.
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Most of the patients with the lethal type died soon after birth,
suggesting that this type of complete TFP deficiency has a severe
prognosis. The acylcarnitine levels in the amniotic fluid from a fetus
with a TFP deficiency were previously reported to be elevated, and
those with TFP deficiencies developed intrauterine cardiomyopathy
owing to cardiac energy deficiency,20,23 suggesting that TFP has an
important role, even during the neonatal period. Therefore, any
intensive therapies after birth cannot save patients with the lethal type
of complete TFP deficiency.
Our data and a previous report16 found that only 13–14% of

patients had the intermediate type of complete TFP deficiency.
Although Boutron et al.9 reported that hypoketotic hypoglycemia
was observed in 67% of patients, their main objective was to examine
patients with isolated LCHAD deficiency (Table 3). Hypoketotic

hypoglycemia, a typical symptom of the intermediate type, was not
common in Japanese or Caucasian patients with complete TFP
deficiency.
All five patients with the myopathic type displayed a relatively

positive prognosis. However, the muscular symptoms of these cases
(except for case 14) were recognized at an earlier age than in the
myopathic type of the other FAODs, which was also reported
among Caucasians with complete TFP deficiency.16,24 Moreover,
in previous reports, patients with complete TFP deficiency showed
prominent MRI signal intensity changes on T1-weighted and short
tau inversion recovery sequences from the girdle to lower leg
among FAODs.25 Earlier onset and prominent abnormal MRI findings
may reflect the severity of TFP deficiency compared with the
other FAODs.

Table 2 The molecular and biological characteristics of the 14 Japanese patients with TFP deficiency

Gene mutation Effect of gene mutation Enzyme assay (% of control)a

Case

Pathogenic

gene Allele 1 Allele 2 Allele 1 Allele 2 LCHAD LCKT Reference

Lethal type
1 HADHA c.1392+1G4A c.1689+2T4G Splice site mutation Splice site mutation 34 16 Present study

2 HADHA c.361C4Tb c.1689+2T4G p.Gln121a Splice site mutation ND Present study

3 HADHA c.157C4T g.26233880_ 26248855delb p.Arg53a Large deletion ND Present study

4 HADHB c.1136A4G c.442+614A4G p.His379Arg Premature truncation 25 8 Purevsuren et al.10

5 HADHB c.1136A4G c.1136A4G p.His379Arg p.His379Arg 34 7 Kobayashi et al.15

6 HADHB c.1175C4T c.1364T4G p.Ala392Val p.Val455Gly 32 14 Present study

7 HADHB c.1364T4G c.1364T4G p.Val455Gly p.Val455Gly 17 5 Purevsuren et al.10

Intermediate type
8 HADHB c.739C4T c.817 del G p.Arg247Cys p.Asp273 fsX292 31 22 Purevsuren et al.10

9 HADHB c.1331G4A c. 777insT p.Arg444Lys p.Gly259_Pro270 del 25 19 Purevsuren et al.10

Myopathic type
10c HADHB c.1175C4T c.1175C4T p.Ala392Val p.Ala392Val 49 6.3 Naiki et al.13

11c HADHB c.1175C4T c.1175C4T p.Ala392Val p.Ala392Val 47 1.6 Naiki et al.13

12 HADHB c.520C4T c.1331G4A p.Arg174Cys p.Arg444Lys 28 13 Yagi et al.11

13 — — — — — 36 19 Present study

14 HADHB c.1331G4A c.1331G4A p.Arg444Lys p.Arg444Lys 17 14 Purevsuren et al.10

a% of normal control (n=5, 1: using fibroblasts and lymphoblastoid cells). In normal control, the LCHAD and LCKT activity of fibroblast was 68.3±14.2 nmol min−1 mg−1 protein,
6.5±1.0 nmol min−1 mg−1 protein (mean± s.d.), respectively. The LCHAD and LCKT activity of lymphoblastoid cell was 73.3 nmol min−1 mg−1 protein, 8.0 nmol min−1 mg−1 protein,
respectively.
bNovel mutations; LCHAD, long-chain 3-hydroxyacyl-CoA dehydrogenase; LCKT, long-chain 3-ketoacyl-CoA thiolase; ND, data not available.
cIn most cases (case, 1, 4–9 and 12–14), LCHAD and LCKT activities were determined based on fibroblasts; in Cases 10 and 11, lymphoblastoid cells were used because fibroblasts were not
available.

Figure 2 Long-PCR sequencing of case 3 identified a large deletion spanning from intron 5 of HADHA to intron 1 of HADHB. Ex, exon.
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We did not observe retinopathy in this study, whereas peripheral
neuropathy was present in four of 14 patients (29%). Similarly,
in previous reports of Caucasian patients, retinopathy (12%) was a
less-common complication than peripheral neuropathy (53–79%).8,26

According to previous reports,17 patients with complete TFP
deficiency show a milder accumulation of toxic 3-OH-acylcarnitines
than those with isolated LCHAD deficiency, which may be associated
with the lower morbidity rate of retinopathy. Interestingly, two of the
four cases with peripheral neuropathy had been misdiagnosed with
CMT disease as previously reported.13,16,27 These findings indicated
that patients with neurological symptoms of CMT diseases at an early
age should be carefully reexamined for underlying TFP deficiency.
Complications of hypoparathyroidism were identified in four cases
(cases 6, 9, 10 and 11), three of whom (case 6, 10 and 11) had
c.1175C4T in at least one allele (homozygotes in two and a
compound heterozygote in one case). Few reports have described
hypoparathyroidism in Caucasian patients with TFP deficiency or
other FAODs.26,28 These findings suggest that hypoparathyroidism
is a unique characteristic of Japanese patients with complete TFP
deficiency, especially in those with the c.1175C4T mutation. Three
pregnant women suffered from hemolysis, elevated liver enzymes and
low platelet count syndrome or acute fatty liver of pregnancy,
including two cases of the lethal type and one case of the intermediate
type. The morbidity rate of the present study was 21% (three of the
14 cases), which is relatively lower than the rate for those with isolated
LCHAD deficiency (14–78%).7,18,19 However, pregnant women with
fetuses with complete TFP deficiency required monitoring of maternal
liver dysfunction.
Notably, BEZ demonstrated clinical improvements, such as the

reduction of rhabdomyolysis, only in three of five cases, suggesting
that BEZ can be used to treat muscular symptoms in specific
cases with TFP deficiency. To date, the effect of BEZ on FAODs

has been controversial. A randomized controlled trial did not
demonstrate efficacy improvements in fatty-acid oxidation flux
(FAO) and heart rate during exercise in adults with deficiencies
in carnitine palmitoyltranferase-2 and very long-chain acyl-CoA
dehydrogenase,29 whereas improvements of the acylcarnitine profile,
FAO and enzyme activities were reported in vitro.30,31 Our limited data
could not determine the cause of these different levels of effectiveness
of BEZ. Additional studies using larger sample sizes under the same
conditions are required.
This study identified the first Japanese patients with TFP deficiency

caused by a mutation in HADHA. All three Japanese patients with
mutations in HADHA exhibited the lethal type, although each
HADHA or HADHB mutation was assumed to have the same effect
on TFP deficiency.2 This occurred because mutations such as splicing
inhibition, nonsense mutations or large deletions (which can lead to
the complete elimination of TFP activity) were present on HADHA
rather than HADHB. A large novel deletion was found in Case 3
spanning from HADHA to HADHB. Although one large deletion on
HADHB was previously reported,9 a large deletion spanning from
HADHA to HADHB has not been reported previously. The most
common mutation in the present study was c.1331G4A in HADHB,
which was found in three families. Mutations in HADHB are more
frequent in Japanese cases with complete TFP deficiency but have been
found to be heterogeneous. Similarly, mutations in HADHB have been
predominantly found in East Asian participants from countries such as
Korea or China;27,32–34 thus, this pattern may be specific to East Asian
ethnicities. In contrast, as in previous reports, HADHA mutations
are more common9 or equal to HADHB mutations in Caucasian
countries.10,16

This study analyzed the clinical and molecular features of Japanese
patients with complete TFP deficiency. In Japan, mutations were
predominantly found in HADHB, in contrast to Caucasian patients.

Table 3 Comparison of gene mutations, clinical forms, complications and mortality with those of previous reports of European cases

Present study Boutron et al.9 den Boer et al.26 Spiekerkoetter et al.8

Number of patients 14 52 21 15a (HADHB mutant)

Mutated gene
HADHA 3 (23%) 46 (90%) NDb 0 (0%)

HADHB 10 (77%) 6 (10%) 15 (100%)

Clinical form
Lethal 7 (50%) 12 (23%) Not classifiedc 4 (27%)

Intermediate 2 (14%) 35 (67%)d 2 (13%)

Myopathic 5 (37%) 5 (9%) 9 (60%)

Complication
Retinopathy 0 (0%) ND 2/16 (12%) ND

Neuropathy 4 (29%) 11/14 (79%) 7/13 (53%)

Hypoparathyroidism 4 (29%) 1/21e (5%) ND

Maternal complication
HELLP 2 (14%) 11/52 (20%) 2 (9.5%) 2 (13%)

AFLP 1 (7%) 0 (0%) 0 (0%)

Mortality rate 6 (43%) 29 (55%) 16 (76%) 4 (27%)

Abbreviations: AFLP, acute fatty liver of pregnancy; HELLP, hemolysis, elevated liver enzymes and low platelet count; LCHADD, long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency; ND, data
not available.
aThe current participants included only those patients with the HADHB mutation.
bPatients with the c.1528G4C mutation were excluded.
cTwenty-one patients were classified into two groups; 9 patients had acute onset, and 12 had chronic onset.
dThirty-two of the 35 cases had the c.1528G4C mutation in at least one allele.
eSix of 17 patients had low calcium levels, but only one of the six cases was confirmed as having hypoparathyroidism.
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The clinical type was primarily categorized into either the lethal or
myopathic type, and the age at onset tended to be earlier than that of
other FAODs. Hypoparathyroidism and peripheral neuropathy similar
to CMT might be characteristic of the Japanese population. Maternal
hemolysis, elevated liver enzymes and low platelet count syndrome,
acute fatty liver of pregnancy, or both may be observed in a pregnancy
with a TFP-deficient fetus.
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