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Abstract

Context: Familial partial lipodystrophy type 2 (FPLD2) results from autosomal
dominant mutations in the LMNA gene, causing lack of subcutaneous fat deposition
and excess ectopic fat accumulation, leading to metabolic complications and reduced
life expectancy. The rarity of the condition means that the natural history of FPLD2
throughout childhood is not well understood. We report outcomes in a cohort of 12
(5M) children with a genetic diagnosis of FPLD2, under the care of the UK National
Severe Insulin Resistance Service (NSIRS) which offers multidisciplinary input
including dietetic, in addition to screening for comorbidities.

Objective: To describe the natural history of clinical, biochemical and radiological
outcomes of children with FPLD2.

Design: A retrospective case note review of children with a genetic diagnosis of
FPLD2 who had been seen in the paediatric NSIRS was performed.

Patients: Twelve (5M) individuals diagnosed with FPLD2 via genetic testing before
age 18 and who attended the NSIRS clinic were included.

Measurements: Relationships between metabolic variables (HbAlc, triglycerides,
fasting insulin, fasting glucose and alanine transaminase [ALT]) across time, from first
visit to most recent, were explored using a multivariate model, adjusted for age and
gender. The age of development of comorbidities was recorded.

Results: Three patients (all female) developed diabetes between 12 and 19 years and
were treated with Metformin. One female has hypertrophic cardiomyopathy and
four (1M) patients developed mild hepatic steatosis at a median [range] age of
14(12-15) years. Three (1M) patients reported mental health problems related to
lipodystrophy. There was no relationship between biochemical results and age. Patients
with diabetes had higher concentrations of ALT than patients who did not have

diabetes, adjusted for age, gender and body mass index standard deviation scores.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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1 | BACKGROUND

Lipodystrophy syndromes, which may be congenital or acquired, are a
group of disorders where there is a selective deficiency of adipose
tissue. They are associated with potentially serious metabolic
comorbidities due to ectopic fat accumulation, which includes
insulin-resistant diabetes, hypertriglyceridaemia and hepatic steato-
sis.! Lipodystrophy is further subclassified as generalized or partial,
based on the pattern and extent of fat loss.

Familial partial lipodystrophy 2 (FPLD2), or Dunnigan variety
lipodystrophy, is an autosomal dominantly inherited condition that
results from pathogenic variants in the LMNA gene,?"° located on
chromosome 1q21.%” The gene encodes for lamin A and the splice-
variant lamin C, which are intermediate filament proteins that form
the nuclear lamina and provide structural stability to the nuclear
envelope.2? Depending on the site of the variant, individuals exhibit
different severity of phenotype.’® The exact disease mechanisms
are unknown, but it is postulated that mutations within or near the
lamin DNA binding domain alter interactions of the transcription
factors or other DNA binding molecules to cause adipocyte death.’
Capanni et al.'! found that lamin A precursors specifically
accumulated in lipodystrophic cells, and sequesters the adipocyte
transcription factor sterol regulatory element binding protein 1 at
the nuclear rim, preventing them from activating the peroxisome
proliferator-activate receptor (PPARgamma), thereby impairing
preadipocyte differentiation.

The classic physical phenotype described is failure of sub-
cutaneous fat deposition in the distal and truncal regions, with
excess accumulation of fat on the neck and face, causing a
Cushingoid appearance that is limited to the face.'®? The
phenotype manifests around or shortly before puberty, so young
children and infants (particularly males) with FPLD2 may be
challenging to distinguish from unaffected individuals.2®~*> Other
clinical features include prominent musculature, prominent
veins and acanthosis nigricans.*

By far the most commonly associated metabolic complications

of FPLD2 are impaired glucose tolerance, insulin resistance,

Conclusions: Despite dietetic input, some patients, more commonly females,
developed comorbidities after the age of 10. The absence of relationships between
biochemical results and age likely reflects a small cohort size. We propose that,
while clinical review and dietetic support are beneficial for children with FPLD2,
formal screening for comorbidities before age 10 may not be of benefit. Clinical
input from an multidisciplinary team including dietician, psychologist and clinician

should be offered after diagnosis.

children, familial partial lipodystrophy, insulin resistance, laminopathies, lipid metabolism
disorders, lipodystrophy, metabolic diseases

hypertriglyceridaemia, hypertension and hepatic steato-
sis. 101216718 gayera| studies also report a high prevalence of
pancreatitis, especially in females, likely secondary to hypertrigly-
ceridaemia.*1%18 There have also been reports that biochemical
parameters such as triglycerides vary with age.!® Patients with
FPLD2 have an increased risk of premature (under 55 years)

1520 and increased fre-

coronary artery disease, atherosclerosis,
quency of myocardial infarction earlier in life,2* likely a conse-
quence of insulin resistance and dyslipidaemia. Other reported
complications include muscular hypertrophy,?? nonspecific degen-
erative joints and tendon abnormalities,?® raised inflammatory
cytokines,'® painful musculoskeletal conditions and mood dis-
orders requiring medication.'® Additionally, affected women have
also been reported to have a higher incidence of polycystic ovarian
syndrome, and may have significant and distressing hirsut-

ism.15'18'24

It should be noted that men seem to present less
frequently clinically,#?5 despite an autosomal dominant inheri-
tance pattern.

International consensus recommends that affected individuals
should receive annual screening for diabetes mellitus, hypertension
and hypertriglyceridaemia; liver ultrasound, echocardiogram and
measurement of gonadal steroids should be performed as clinically
indicated.!?

Currently, the first line and primary mode of management is a
low-fat diet,*?*° though leptin replacement therapy has been
shown to be useful in the management of metabolic complications
where conventional therapy for diabetes and dyslipidaemia have
been unsuccessful, helping to reduce HbA1C and triglycerides
levels.2473° However, recombinant leptin may not be as effective
in patients with FPLD compared to patients with generalized
lipodystrophy, given that the former have significantly higher
concentrations of leptin.2®° Leptin treatment has recently been
approved by the European Medicines Agency (EMA), the Food and
Drug Administration (FDA) and the National Institute for Health
and Care Excellence (NICE) for the treatment of patients with
FPLD2 in whom conventional therapies for diabetes and hyper-

triglyceridaemia have failed.
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The National Severe Insulin Resistance Service (SIRS) at
Addenbrooke's Hospital was set up in 2012 and serves as the
national centre for following up all patients with lipodystrophy in the
United Kingdom. Children with FPLD2 are offered a package of care
that includes ideally: annual review with a specialist paediatric
endocrinologist, annual screening for comorbidities and specialist
dietetic input to ensure a low-fat diet.

Dietary advice and counseling is provided to children and their
families to help minimize the risk of metabolic complications such as
diabetes, dyslipidaemia and fatty liver. Adhering to a low fat, healthy
diet and avoiding excess dietary energy, while allowing normal
growth, is the mainstay of treatment.®?

The level of dietary restriction depends on the specific diagnosis
and biochemistry and should consider the patients' cultural, social and
financial needs.

There is a paucity of published data on the effects of dietary
manipulation in lipodystrophy, particularly within paediatrics. There-
fore, current suggestions are based on limited sources and anecdotal
evidence. Much of the advice given comes from an evidence base for
conditions such as type 2 diabetes, obesity, cardiovascular disease
and hypertriglyceridemia.

Historically, diagnosis was made using targeted genetic testing when
there was clinical suspicion. However, with the advent of more widely
available genetic testing, there is an opportunity to screen the children of
indexes in early life before onset of symptoms, allowing close monitoring

with the aim of improving health outcomes through early intervention.

2 | OBJECTIVES

To describe clinical, biochemical and radiological outcomes in children
with FPLD2, in addition to comorbidities, additional pathologies and

therapies and explore their relationships with age and gender.

3 | LITERATURE SEARCH

A search on PubMed using the terms (paediatrics OR child OR
children OR infant OR paediatric OR neonatal OR neonates) AND
(‘familial partial lipodystrophy’ OR Dunnigan OR FPLD) with a filter
for ‘humans’ returned 142 results. Of the relevant literature, while
some studies have been done to examine the clinical and biochemical
parameters of children with FPLD2 at a single point in time, no
studies have examined how those parameters may vary with time in
children with FPLD2. Hence, this paper serves as one of the first to

describe the natural history of FPLD2 progression in children.

4 | METHODOLOGY

Following institutional approval, data on patients with FPLD2
attending the pediatrics division of the National Severe Insulin
Resistance Service (SIRS) at Addenbrooke's Hospital (Table 1) were

TABLE 1 Ages of children with FPLD2 attending the paediatrics
division of the National SIRS at Addenbrooke's Hospital,
Cambridge, UK

Age at Age at most No. of Years of
Gender 1st visit recent follow-up follow-ups follow-up
1 M 11.6 13.6 3 2
2 F 6.2 10.5 8 4
3 F 14.7 21.2 4 7
4 M 9.3 16.4 6 7
5 F 11.2 18.6 8 7
6 M 9.1 16.1 7 7
7 F 4.7 11.7 7 7
8 F 14.4 18.2 3 4
9 F 10.2 12.6 5 2
10 M 16.1 17.3 2 1
11 F 8.0 9.1 2 1
12 M 12.3 18.7 8 6

Abbreviation: FPLD2, familial partial lipodystrophy type 2.

obtained from the electronic patient database and anonymized
at collection. All patients had an affected parent, and the
diagnosis was made using genetic testing. Thereafter, the team
has aimed to offer annual follow-up appointments, with screening
for comorbidities using blood tests and ultrasound, as well as
offering specialist dietetic input to support adherence to a low-
fat diet.

Data collected includes measures of growth (height, weight and
body mass index [BMI] that were converted into standard deviation
[SD] scores using the LMS method®?), medical history, blood test
results (liver function test, fasting lipids, blood glucose, HbA1C, fasting
insulin) and imaging results (echocardiogram scans, abdominal ultra-
sound scans).

Metabolic parameters were represented using scatter plots
against decimal age (Figure 1).

Statistical analysis of the fully anonymized data set was
performed using SPSS. Insulin and triglyceride concentrations
were transformed (Log10) to permit parametric testing. Relation-
ships between dependent variables (HbAlc, triglycerides, fasting
insulin, fasting glucose and alanine transaminase [ALT]) were
explored using a multivariate model incorporating subject ID and
gender as fixed factors, with decimal age as a covariate. Relation-
ships between fasting insulin and triglyceride levels were explored
using bivariate correlation. A p <.05 (two-tailed) was considered
significant.

Differences in dependent variables between patients with and
without diabetes were explored using a multivariate model incorpo-
rating gender and diabetes diagnosis as fixed factors, BMI SD score
and decimal age as covariates. A p <.01 (two-tailed) was considered

significant for this subgroup analysis.
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FIGURE 1 Metabolic parameters for all patients plotted against decimal age in years. Males—open circles, females—open triangles, females
with diabetes—filled squares, Panel (A) alanine transaminase, (B) HbA1c, (C) triglycerides, (D) Log(10) insulin.
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5 | RESULTS

Data are expressed as median [range], median (interquartile range) or
mean * SD.
Data from 12 patients (seven females) are presented. Age at

most recent follow-up was 16.3 [9.1-21.3] years. Demographic data

FIGURE 2 Auxological parameters (BMI
SDS [unshaded bars], height SDS [hatched
bars] and weight SDS [grey bars]) for all
patients by age group represented as box plot—
median and interquartile range. BMI, body
mass index; SDS, standard deviation scores.

>13 years
(n=15)

are summarized in Table 1. The duration of follow-up was
4.5[2-8] years.

Auxological parameters (BMI, height and weight) SD scores by
age group are shown in Figure 2.

All subjects were confirmed to have the same LMNA variant
(NM_170707.3, c.1444C>T, p.(Arg482Trp).
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5.1 | Comorbidities

None of our cohort developed any comorbidities at an age younger
than 10 years.

5.1.1 | Diabetes

Three females were diagnosed with secondary diabetes between the

ages of 12 and 21 years and all three were treated with metformin.

5.1.2 | Hepatic steatosis

Four patients (three females) developed mild hepatic steatosis between

the ages of 10 and 15, diagnosed on routine ultrasound scans of the liver.

5.1.3 | Mental health

Three patients (two females) experienced mental health issues, which

has been previously reported in other patients.*®

TABLE 2 Most recent clinical and biochemical data

5.1.4 | Other complications

One patient with diabetes also has Emery-Dreifuss muscular
dystrophy and hypertrophic cardiomyopathy, which required cardiac
surgeries to reduce symptoms. All other patients had normal
echocardiography scans thus far.

One patient with diabetes has acanthosis nigricans.

Anecdotally, the physical phenotype was recognizable on clinical
examination (albeit with the knowledge of a genetic diagnosis) in all
the females at first visit.

Clinical and biochemical data from the most recent appointment
are summarized in Table 2.

We found no relationship between age and worsening metabolic
parameters for either gender (Figure 1).

Leptin concentrations and BMI SD scores were higher in
females than males (p <.05), consistent with previous reports?”-33
(Table 2).

ALT concentrations were higher in patients with diabetes
(p <.01) than those without, adjusted for gender, BMI SDS and age
(p <.01) (Table 2).

There was no relationship between fasting triglyceride concen-

trations and fasting insulin concentrations.

Age (median [range])

Whole cohort
14.7 [6.3-21.3]

Males (n = 5)

11.6 [12.6-16.3]

Height SDS 0.39+1.57 0.31+1.62
Weight SDS 0.37+1.16 0.02+1.05
BMI SDS 0.47 £0.82 -0.12 +£0.54*
Systolic BP SDS -0.13+0.95 -0.78+1.28
Diastolic BP SDS 1.09 +£0.89 1.00 £ 1.66
Alanine transaminase (ALT) (U/L) 50.0+57.7 23.6+17.6
Triglyceride (mmol/L) 1.75+1.03 1.47 +0.86
Total cholesterol 46+1.1 3.7+1.2
HDL cholesterol (mmol/L) 1.08 +0.36 1.09 +0.39
LDL cholesterol (mmol/L) 2.76+0.72 2.60+0.82
Leptin (u/L) 6.6+4.7 3.2+2.3*
HbA1C (mmol/mol) 41.8+21.2 33.2+29
Adiponectin (ug/ml) 7.7+3.6 7.6+£34
Insulin (pmol/L) (median 98 (37-173) 62 (39-85)

[interquartile range])

Females (no Females

diabetes) (n =4) (diabetes) (n = 3) Reference ranges

9.1 [6.3-16.6] 15.3 [12.2-21.3]

0.00+1.94 1.33+0.78

0.29+141 1.33+0.78

0.57+0.77 1.27 £0.65

0.09 £0.82 0.24 + 0.61

1.17 £0.25 0.78£0.39

26.5+19.7 124.0+78.8** 7-40

1.55+1.16 246+1.21 0.30-1.80
49+0.6 47+14

1.27+0.36 0.79+£0.17 M: >0.75

F: >0.91

2.95+0.65 2.79+0.88 <2.59
7.3+£5.0 11.9+238

35.0+7.0 59.0+36.4 <42
8.9+4.0 5028

60.5 (22-129) 317 (213.5-348) 0-80

Note: The reference ranges for HDL and LDL cholesterol are based on the ATP Il guidelines.

Abbreviations: ATP Ill, adult treatment panel Ill; BMI, body mass index; BP, binding protein; HDL, high density lipoprotein; LDL, low density lipoprotein;

SDS, standard deviation scores.

*p <.01 versus patients without diabetes, adjusted for gender, decimal age and BMI SD scores. **p < .05 versus all females, adjusted for decimal age.
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6 | DISCUSSION

We report clinical and biochemical outcomes in a small cohort of
children with a genetic diagnosis of FPLD2 in whom the genetic
diagnosis was made at a relatively young age. No comorbidities were
detected younger than the age of 10 years, but, thereafter we
observed the development of complications including nonalcoholic
steatohepatitis and diabetes mellitus.2* In addition to the input of
an multidisciplinary team (MDT), which included dietetic input, these
children are likely to have grown up in a household with an existing
awareness and appreciation of the dietary management of FPLD2.
Dietary management to mitigate visceral fat storage with resultant
insulin resistance is the most effective intervention in FPLD2'213
and it is perhaps disappointing that, despite awareness and
professional dietetic advice, we still observed comorbidities in a
number of our patients.

A previous study of children with FPLD2 up to age 18 years
reported that the metabolic variables for males were not significantly
different from members of a healthy control population, while in
females, fasting triglyceride concentrations were raised in both the
7-12 and 13-18 years age groups.2” Similarly, in our cohort, females
appear to be more severely affected, in that all of the patients who
developed diabetes were female.*?° The higher leptin concentrations
in females compared is also consistent with previous reports.>®

Increased insulin resistance is correlated with increased hyper-
triglyceridaemia®® and lower serum adiponectin levels.>® However,
we found no similar relationships between triglyceride concentra-
tions and insulin levels in our cohort. We did observe a gender
difference in BMI SD scores which is consistent with the observed
gender difference in leptin concentrations.

In a subgroup analysis, ALT concentrations in the three patients
with a diagnosis of diabetes were higher than those without diabetes,
independent of gender, BMI SD score and decimal age. All patients
with a diagnosis of diabetes were treated with metformin. While
hepatitis is an uncommon side effect of metformin treatment, the
observed elevated ALT levels in patients with diabetes may reflect a
population with a more severe phenotype, who developed diabetes
and were then treated with metformin. At least one study has
reported reductions in ALT concentrations in patients with type 2
diabetes treated with metformin.3*

All patients in this cohort had the same LMNA variant
p.(Arg482Trp). but there was marked variation in the severity of
the phenotype. This may reflect the impact of other parameters, for
example, apolipoprotein E (apoE) genotype can affect the severity of
dyslipidaemia, with the apoE 2/3 genotype being associated with an
earlier onset and more pronounced form of dyslipidaemia than those
with the apoE 3/3 genotype.'? Further work to consider the impact
of other variables on phenotypic severity in FPLD2, such as ApoE
genotype, would be of interest.

The lack of observed differences in metabolic outcomes may
reflect the small sample size. Given the rarity of the condition, an
international collaboration to collect outcome data would be helpful

to meaningfully inform practice.

FPLD2 belongs to a family of laminopathies, characterized by
mutations in the LMNA gene. Other laminopathies include the
autosomal dominant Emery-Dreifuss muscular dystrophy, which was
seen in one of our patients, LMNA-dependent dilated cardio-
myopathy, and Hutchinson-Guilford progeria syndrome, a severe
premature ageing syndrome.®>3¢ Manifestations may be isolated or
multisystem, and cardiomyopathy often occurs in those with
muscular dystrophy.3>3” Cardiomyopathy has not been reported to
frequently occur in FPLD2 patients, as the FPLD mutation affects the
C-terminal domain of the LMNA gene, whereas cardiomyopathy
mutations affect the rod domain.>38

A number of patients also reported significant psychological
distress related especially to their physical appearance and perceived
body image, which has also been reported in a previous study.? Data
pertaining to the timing of the onset of puberty, hirsutism and other
features of polycystic ovarian syndrome were not collected.

Although our study suggests that screening for metabolic
complications below the age of 10 years may not be necessary, the
severity of the metabolic complications, with resultant impact on
quality of life and life expectancy in individuals with FPLD2, means
that there is a moral argument for genetic screening of the children of
FPLD2 patients to permit early dietary intervention and identification
of complications. However, given the absence of complications in
early and mid-childhood, it might be that younger children with
FPLD2 may not require screening with annual blood tests and
ultrasounds, as long as they are having regular input from a quorate
MDT with the necessary dietetic expertize and support. Collation of
data from a larger cohort of patients would be required to

confirm this.

7 | CONCLUSION

In our small cohort, despite dietic input, patients were found to
develop comorbidities after the age of 10 years, and were more
common in females. We suggest that formal screening of comorbid-
ities before age 10 may not be necessary, but clinical input from a
multidisciplinary team that includes dietician, psychologist and

pediatrician should be offered from diagnosis.
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