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Abstract

Context: Despite several reports of familial partial lipodystrophy (FPLD) type 2 (FPLD2) due to heterozygous LMNA variants and FPLD3 due to
PPARG variants, the phenotypic differences among them remain unclear.

Objective: To compare the body fat distribution, metabolic parameters, and prevalence of metabolic complications between FPLD3 and FPLD2.

Methods: A retrospective, cross-sectional comparison of patients from 2 tertiary referral centers—UT Southwestern Medical Center and the
National Institute of Diabetes and Digestive and Kidney Diseases. A total of 196 females and 59 males with FPLD2 (age 2-86 years) and 28
females and 4 males with FPLD3 (age 9-72 years) were included. The main outcome measures were skinfold thickness, regional body fat by
dual-energy X-ray absorptiometry (DXA), metabolic variables, and prevalence of diabetes mellitus and hypertriglyceridemia.

Results: Compared with subjects with FPLD2, subjects with FPLD3 had significantly increased prevalence of hypertriglyceridemia (66% vs
84%) and diabetes (44% vs 72%); and had higher median fasting serum triglycerides (208 vs 255 mg/dL), and mean hemoglobin Alc (6.4%
vs 7.5%). Compared with subjects with FPLD2, subjects with FPLD3 also had significantly higher mean upper limb fat (21% vs 27%) and
lower limb fat (16% vs 21%) on DXA and increased median skinfold thickness at the anterior thigh (5.8 vs 11.3 mm), calf (4 vs 6 mm), triceps
(5.5 vs 7.5 mm), and biceps (4.3 vs 6.8 mm).

Conclusion: Compared with subjects with FPLD2, subjects with FPLD3 have milder lipodystrophy but develop more severe metabolic
complications, suggesting that the remaining adipose tissue in subjects with FPLD3 may be dysfunctional or those with mild metabolic
disease are underrecognized.
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disorders between the 2 types of FPLD in patients seen at 2 re-
ferral centers in the United States.

Familial partial lipodystrophy (FPLD), a rare mostly auto-
somal dominant disorder, is characterized by marked loss of
subcutaneous fat from the extremities, and predisposition to

insulin resistance and its metabolic complications, such as dia-
betes mellitus, dyslipidemia, and hepatic steatosis [1, 2]. The 2
most prevalent types of FPLD are due to disease-causing het-
erozygous variants in LMNA (FPLD2, or the Dunnigan var-
iety) [3, 4] or in PPARG (FPLD3) genes [5-7]. While
FPLD?2 has been reported in more than 500 subjects, FPLD3
has been reported in fewer than 100 subjects [2]. Due to ex-
tremely rare prevalence of FPLD3 and mostly anecdotal, lim-
ited reports in the literature, whether there are phenotypic
differences between the 2 types remain unclear. Therefore,
we compared body fat distribution using anthropometric
measurements and dual-energy X-ray absorptiometry
(DXA), metabolic variables, and the prevalence of metabolic

Patients and Methods

Subjects

The study protocol was approved by the Institutional Review
Board of UT Southwestern Medical Center (UTSW) and the
National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK), Bethesda, MD. Adult patients and legal
guardians of patients <18 years of age gave a written informed
consent; minors provided assent if age appropriate. Patients
included in this study presented with familial partial lipodys-
trophy or were family members of the proband and were
found to have heterozygous disease-causing variants either
in PPARG (FPLD3) or in LMNA (FPLD2).
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Methods

Questionnaire

Demographic data and health history were collected during ei-
ther physician interview or using a lipodystrophy question-
naire. The presence of metabolic disorders, diabetes
mellitus, hypertriglyceridemia, hepatic steatosis, acute pan-
creatitis, fatty liver, proteinuria, hypertension, coronary heart
disease, and polycystic ovarian syndrome were self-reported
by the patients.

Mutational analyses

For both the UTSW and the NIDDK cohorts, the LMNA
exons, including the splice site regions, were amplified in 11
segments [8] and PPARG exons in 7 segments [5, 9] from
50 ng of genomic DNA using the polymerase chain reaction
and exon-specific primers pairs. The purified polymerase
chain reaction products were sequenced using dye terminator
chemistry and an ABI 3730xI DNA analyzer. Sequence var-
iants were verified by manually inspecting the chromatograms
of both the wild-type and mutated products. Pathogenicity of
each variant was assessed according to genotype—phenotype
segregation, functional studies, and ClinVar predictions
(Tables 1 and 2).

Biochemical analyses and procedures

Fasting blood samples were collected and were analyzed for
biochemical variables. Blood samples for the UTSW patients
were sent to Quest Diagnostics (Irving, Texas) for analysis.
Serum glucose, lipids, lipoproteins, and liver enzymes of
UTSW patients were measured by the photometric method
(Beckman Coulter AU clinical analyzer). Blood hemoglobin
Alc (HbAlc) was measured by the immunoturbidimetric
method (Roche Integra 800 chemistry analyzer). Serum glu-
cose, HbA1lc, lipids, and hepatic function tests for the
NIDDK samples were conducted in the National Institutes
of Health Clinical Center laboratory according to standard
methodology [9]. Low-density lipoprotein cholesterol was
calculated using Friedewald’s equation for those with serum
triglycerides values less than 400 mg/dL [36].

Anthropometric measurements

Height and body weight were measured with standard proce-
dures. Skinfold thickness was measured with a Lange caliper
(Cambridge Scientific Industries, Cambridge, MD) on the
right side of the body. The mean of 3 repeat measurements
at each site was calculated.

Dual-energy X-ray absorptiometry

For the UTSW cohort, whole-body DXA scans were acquired
on a Discovery W (S/N 80502) model machine according to
the procedures recommended by the manufacturer (Hologic,
Inc., Bedford, MA) [8, 37]. Subjects changed into a paper
gown and were asked to remove all jewelry and other personal
effects that could interfere with the DXA scan. Analysis of all
scans was performed using Hologic Discovery software ver-
sion 1.6.5.0 in its default configuration. The analysis of all re-
gional body fat was performed using standard software. The
regions of interest were delineated by the following lines:
head, pelvis, trunk, hip, spine, leg, and groin as reported by
Bazzocchi et al [38]. Regional fat mass values were grouped
and analyzed for the following anatomical regions: upper
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limbs, lower limbs, trunk (chest, axillary, abdomen), and
whole body. Mean values of the right and left upper limb fat
and right and left lower limb fat (% of regional fat) were cal-
culated. We also calculated the ratio of the lower limb fat to
truncal fat. DXA scanning of NIDDK patients was performed
on a QDR 4500 (Hologic, Bedford, MA) scanner using Apex
4.0 software and analyzed in the same manner [9].

Statistical Analysis

Data are presented by frequency (percent) for categorical var-
iables, median (minimum and maximum values), or mean +
SD for continuous variables depending on the distribution.
The distribution of the continuous variables was assessed by
the Shapiro—Wilk normality test and normal probability plots.
The comparisons between FPLD3 and FPLD2 were made us-
ing the chi square test for categorical variables and the t test
for Gaussian distributed variables, and after log transform-
ation for non-Gaussian distributed variables. The comparison
of the variables between FPLD3 and FPLD2 were also ad-
justed by age and sex through linear regression models and
the skewed data were log transformed prior to applying in
the model.

All analyses were performed using SAS software version 9.4
(SAS Institute, Inc., Cary, NC). A 2-sided P < .05 was the cri-
terion for statistical significance.

Results

Study Population and Demographics

A total of 287 patients with FPLD were included in the study.
Of these, 32 (4 males [M], 28 females [F]) had FPLD3 with
heterozygous disease-causing PPARG variants (Table 1).
The mean+SD age and body mass index of the subjects
with FPLD3 were 40.7 + 17.2 years and 25.9 + 3.9 kg/m?, re-
spectively. Seventy-one percent of the subjects were White,
3% were African American, and 25% were in the other cat-
egory, with no Asian people. A total of 255 subjects (59 M,
196 F) had FPLD2 with heterozygous, disease-causing
LMNA variants (Table 2). The mean+SD age and body
mass index of the subjects with FPLD2 were 36.8 + 16.7 years
and 25.5 + 4.6 kg/m?, respectively. Most subjects (85%) were
White, 3% were Asian, 1% were African American, and 11%
were in the other category.

Prevalence of Disease-Causing Variants

As shown in Table 1, of the 32 subjects with heterozygous
PPARG variants, 6 had the p.R425C variant; 4 had the
p.-P495L variant; 3 each had p.P387S; 2 each had p.K395R,
and 1 each had the p.R194W, p.Y151C, p.I324T, p.R385Q,
or p.Q438P variant, all previously reported and considered
pathogenic variants according to Clinvar [7, 9, 10-15].
Others had novel heterozygous PPARG variants; of these, 3
had p.E224%*; 2 each had p.P214L and p.Q465* variants;
and 1 each had p.K94Nfs*4, p.E499Rfs*12, p.V141L,
¢.1480+1G>A, and ¢.480+120G>C variants.

As shown in Table 2, of the 255 subjects with heterozygous
LMNA variants, 188 had the 2 most common heterozygous
pathogenic variants (p.R482Q or p.R482W) associated with
FPLD2 [17, 24-26]. The next most prevalent variant,
p-R582H [17, 26, 34], was present in 12 patients, followed
by p.S583L variant in 10 patients. Eight patients had
p-R62G; 5 each had p.R419C and p.R482L; and 4 each had
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Table 1. Disease-causing heterozygous PPARG variants in subjects with FPLD3

Patients (n) Variant cDNA level Variant protein level rs number Clinvar prediction Functional score [7] References
1 c.282delG p-K94Nfs*4 NA NA — —

1 c.421G>C p-V141L NA NA -3.5 —

1 c.452C>G p-Y151C rs1354592503 Pathogenic —-4.2 [10, 11]

1 c.480+120G>C (?) NA NA — —

1 c.580C>T p-R194W rs121909146 Pathogenic -5.4 [12]

2 c.641C>T p.P214L NA NA —-0.48 —

3 c.670G>T p-E224* NA NA — —

1 c.971T>C p.1324T rs1378972597  Pathogenic -2.57 —

1 c.1154G>A p-R385Q rs140204299 Uncertain significance -1.4 [7]

3 c.1159C>T p-P387S NA NA -4.2 [7,9]

2 c.1184A>G p-K395R NA NA -1.16 [7,9]

6 c.1273C>T p-R425C rs72551364 Pathogenic -5.37 [5]

1 c.1313A>C p-Q438P NA Uncertain significance -4.9 [7, 9]

2 c.1393C>T p-Q465* NA NA — —

1 c.1480+1G>A (?) NA NA — —

4 c.1484C>T p-P495L rs121909244 Pathogenic -5.58 [13-15]

1 c.1495delG p-E499Rfs*12 NA NA — —

Five variants were null or splice site variants. Eleven were missense variants, of which 5 were classified as “pathogenic” and 2 of “uncertain significance” by
Clinvar. The 2 variants with “uncertain significance” have been published before. One variant is a novel intronic variant not present in the gnomAD database.
For the 4 missense variants that had no information in Clinvar, we looked at the functional score according to Majithia et al [7]. All had negative scores. Two of
them had functional scores <3.5, which has increased probability of lipodystrophy, and 1 of them, p.P387S, has been previously published by 2 groups. There
was evidence of segregation in 3 family members for p.K395R and in 2 family members for p.P214L.

Abbreviation: NA, not available.

p-R28W and p.G465D [17]; 3 had p.T528M; 2 each had
p-R25L, p.R349W, p.G523R, and p.R527P; and 1 each had
p.R60G, p.D192V, pK486N, p.RS41P, p.RSS2C,
p.R584H, and p.R644C variants. One subject had an
LMNA splice site variant ¢.1488+5G>C; p (?) [10, 16-35].

Biochemical Parameters and Body Fat Distribution

Comparison of biochemical measurements in subjects with
FPLD3 and FPLD?2 is shown in Table 3 and Fig. 1. Compared
with subjects with FPLD2, those with FPLD3 had higher fasting
serum triglyceride levels (median 208 vs 255 mg/dL, respective-
ly; P=.018), lower high-density lipoprotein (HDL) cholesterol
levels (mean 39.1 vs 30.5 mg/dL, respectively; P=.001), lower
low-density lipoproteins cholesterol levels (mean 70 vs 107 mg/
dL, respectively; P=.0001), higher blood HbA1c levels (mean
6.4% vs 7.5%, respectively; P=0.001), but similar fasting se-
rum glucose (median 95 vs 115 mg/dL, respectively; P=.12).
There was no significant difference in serum alanine amino-
transferase (median 27 vs 22 U/L, respectively; P=.43), aspar-
tate aminotransferase (median 22 vs 22 U/L, respectively; P=
.82), or alkaline phosphatase (median 62 vs 55 U/L, respective-
ly; P=.15) levels in the 2 subtypes.

Compared with FPLD2 subjects, those with FPLD3 had
higher prevalence of hypertriglyceridemia (66% vs 84%, re-
spectively; P=.05), diabetes (44% vs 72%, respectively; P =
.003), history of acute pancreatitis (13 % vs 52 %, respectively;
P<.001), proteinuria (13% vs 26%, respectively; P=.06),
and polycystic ovarian syndrome (26 % vs 52%, respectively;
P=.007), while there was no difference in the prevalence of
fatty liver (45% vs 54%, respectively; P=.47), hypertension
(41% vs 40%, respectively; P=.88), or coronary heart disease
(15% vs 19%, respectively; P=.65) (Table 4).

Compared with subjects with FPLD2, subjects with FPLD3
had higher skinfold thickness measurements in the lower and
upper limbs: anterior thigh (median 5.8 mm vs 11.3 mm, re-
spectively; P =.001), calf (median 4 mm vs 6 mm, respective-
ly; P=.01), triceps (median 5.5 mm vs 7.5 mm, respectively;
P=.01), and biceps (median 4.3 mm vs 6.8 mm, respectively;
P=.001) (Table 5 and Fig. 2). Compared with subjects with
FPLD2, subjects with FPLD3 also had higher skinfold thick-
ness measurements in the truncal region: subscapular (median
17.5 mm vs 27.5 mm, respectively; P=.001), anterior abdo-
men (median 15.0 mm vs 24.5 mm, respectively; P=.001),
suprailiac (median 9.3 mm vs 16 mm, respectively; P=
.001), and axillary (median 12 mm vs 20 mm, respectively;
P =.048) but had similar chest skinfold measurements.

Regional body fat distribution data using DXA were
available for 107 subjects with FPLD2 and 19 subjects
with FPLD3 (Table 5§ and Fig. 3). Compared to FPLD2
subjects, individuals with FPLD3 had higher total body fat
(mean 22.3% vs 26.0%, respectively; P=.013), upper limb
fat (mean 21.1% vs 27.3%, respectively; P =.002), and lower
limb fat (mean 15.8% vs 20.5%, respectively; P=.003), while
truncal fat was not different (mean 26.6% vs 28.9%, respect-
ively; P=.18). Compared to FPLD2 subjects, those with
FPLD3 also had a higher ratio of lower limb fat/truncal fat
(mean 0.60 vs 0.73, respectively; P=.02).

The onset of FPLD2 occurs before the age of puberty [39]
and the full phenotype of partial lipodystrophy is only evident
during early adulthood. In addition, females with FPLD2 have
been reported to have worse metabolic complications than
males [40]. Therefore, we also compared all the variables after
adjusting for age and sex but observed similar differences as
noted when the variables were unadjusted (Tables 3-5).
Since some children (<18 years of age) were included in the
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Patients (n) Variant cDNA level Variant protein level rs number Clinvar prediction References
2 c.74G>T p-R25L rs61578124 Uncertain significance [16]

4 c.82C>T p-R28W rs59914820 Pathogenic [17-19]

1 c.178C>G p-R60G rs28928900 Pathogenic [20, 21]

8 c.184C>G p-R62G rs56793579 Pathogenic [17, 20]

1 c.575A>T p.D192V rs57045855 Not provided [20]

2 c.1045C>T p.R349W rs267607555 Pathogenic/likely pathogenic [10, 22]

N c.1255C>T p-R419C rs755686359 Uncertain significance [23]

4 c.1394G>A p.G465D rs61282106 Pathogenic [17]

N c.1445G>T p-R482L rs11575937 Uncertain significance [17]

92 c.1444C>T p-R482W rs57920071 Pathogenic [17,24-26]
96 c.1445G>A p-R482Q rs11575937 Pathogenic [17,24-26]
1 c.1458G>T p-K486N rs59981161 Pathogenic [27]

1 c.1488+5G>C NA rs267607543 Pathogenic [28]

2 c.1567G>C p-GS23R rs201583907 Uncertain significance [29]

2 c.1580G>C p-R527P rs57520892 Pathogenic [30]

3 c.1583C>T p-T528M rs57629361 Uncertain significance [31]

1 ¢.1622G>C p-R541P rs61444459 Pathogenic/likely pathogenic [32]

1 c.1744C>T p-R582C rs918645468 Uncertain significance [22,33]

12 c.1745G>A p.R582H rs57830985 Pathogenic [17, 26, 34]
10 c.1748C>T p-S583L rs59601651 Uncertain significance [17]

1 c.1751G>A p-R584H rs56657623 Uncertain significance [17,22]

1 c.1930C>T p-R644C rs142000963 Benign; uncertain significance [17, 35]

All the variants have been associated with lipodystrophy and published before.

Abbreviation: NA, not available.

2 cohorts (3 in FPLD3 and 41 in FPLD2), we conducted com-
parisons of all variables after excluding children and we ob-
served similar phenotypic differences, metabolic parameters

and prevalence of metabolic complications among adults
with FPLD3 and FPLD2 as seen in the entire cohort (Tables

$1-S3 [41]).

Table 3. Comparison of biochemical measurements in subjects with familial partial lipodystrophy, FPLD3 and FPLD2

FPLD3 FPLD2
n Value n P value P value adjusted
for sex and age
Sex (M/F) 4/28 59/196 .16 NA
Age (y)° 32 40.7+17.2 255 36.8+16.7 21 NA
Height (cm)® 28 163.4+8.4 255 164.1+13.8 .81 94
Weight (kg)” 28 70.0+15.7 255 69.8+18.3 .96 .61
BMI (kg/m?)” 28 25.9+3.9 255 25.5+4.6 67 56
HDL-C” (mg/dL) 25 30.5+£9.7 180 39.1+12.4 .001 .0006
LDL-C? (mg/dL) 19 69.6 +30.5 146 106.8+37.2 .0001 .0001
HbAlc (%)° 28 7.5+2.2 167 6.4+1.8 .006 012
Cholesterol (rng/dL)b 30 156 (80-429) 186 191 (60-710) .04 .038
Triglycerides (mg/dL)b 30 255 (50-7919) 189 208 (38-11528) .018 .04
Glucose (mg/dL)b 30 115 (50-3595) 181 95 (68-398) 12 23
ALT (U/L)® 29 22 (8-59) 55 27(10-130) 43 51
AST (U/L)® 29 22 (12-68) 55 22 (9-80) 82 78
ALP (U/L)® 29 55 (29-344) 51 62 (19-159) A5 10

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HbAlc, hemoglobin Alc;
HDL, high-density lipoprotein; NA, not applicable.

“Data shown as mean + SD.

*Data skewed and shown as median (minimum and maximum values).
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Figure 1. Fasting serum glucose, triglycerides, HDL cholesterol, and HbA1c levels in subjects with FPLD3 and FPLD2. (A) Fasting serum glucose,
(B) fasting serum triglycerides, (C) HDL-cholesterol, and (D) blood hemoglobin ATc. Numbers of subjects for whom the value of the variable was available
are shown below the x-axis. The gray box shows 25th and 75th percentile values with median shown as a horizontal line. The whiskers denote 5th and
95th percentiles. Individual values below the 5th and above the 95th percentile are shown. The 95th percentile of serum triglycerides (5577 mg/dL) for
subjects with FPLD3 is not shown. Serum triglycerides exceeding 2000 mg/dL were seen in 5 subjects with FPLD3 (2104, 3115, 4127, 5577, and
7919 mg/dL) and 5 subjects with FPLD2 (2160, 2285, 7740, 9040, and 11 528 mg/dL), which are not shown in the figure. Pvalues are shown above the

box plots.

Discussion

Patients with partial or generalized lipodystrophy syndromes
are predisposed to metabolic complications of insulin resist-
ance. The prevailing understanding is that the severity of
metabolic complications is correlated with the extent of fat
loss [2, 3]. For example, patients with congenital generalized
and acquired generalized lipodystrophy syndromes, who
have near total absence of body fat, have earlier onset and
more severe metabolic complications than those with FPLD
or acquired partial lipodystrophy [3]. Compared with partial
lipodystrophy syndromes, generalized lipodystrophy syn-
dromes are characterized by near-total lack of adipose tissue
and, therefore, adipose tissue depots are not available for stor-
age of circulating triglycerides. These lipids instead “spill
over” to ectopic sites such as the liver and skeletal muscles, in-
ducing steatosis and insulin resistance. Our findings that

subjects with FPLD3 have more severe metabolic complica-
tions of lipodystrophy despite having higher body fat than
those with FPLD2 challenge the notion that the extent of ana-
tomic fat loss determines the severity of metabolic derange-
ments in patients with lipodystrophy.

Patients with FPLD3 had more body fat in the central and
peripheral body regions (ie, less severe lipodystrophy) than
those with FPLD2 based on regional body fat determination
by DXA scan, and by measurements of skinfold thickness.
However, compared with patients with FPLD2, those with
FPLD3 had higher prevalence of diabetes, hypertriglyceridemia,
acute pancreatitis, and polycystic ovarian syndrome. They also
had higher fasting serum triglycerides and HbA1c. Interestingly,
there was no difference in the prevalence of hypertension, hep-
atic steatosis, and serum levels of liver enzymes, aspartate
aminotransferase, or alanine aminotransferase. However, the
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FPLD3 FPLD2
N Affected/Total % Affected N Affected/Total % Affected P value P value Adjusted for sex and age
Diabetes mellitus 23/32 72.0 103/235 44.0 .003 .02
Hypertriglyceridemia 26/31 84.0 140/212 66.0 .05 .10
Acute Pancreatitis 15129 52.0 32/238 13.0 <.0001 <.0001
Fatty Liver 15/28 54.0 23/51 45.0 47 32
Hypertension 12/30 40.0 99/239 41.0 .88 41
Proteinuria 7127 26.0 25/200 13.0 .06 A2
CHD 5127 19.0 36/237 15.0 .65 91
PCOS 14/27 52.0 42/161 26 .007 .009

Abbreviations: CHD, coronary heart disease; PCOS, polycystic ovarian syndrome.

severity of hepatic steatosis was not assessed in our study by ei-
ther magnetic resonance spectroscopy or magnetic resonance
imaging, which can quantitate the amount of hepatic lipids.
Interestingly, similar observations were made by previous inves-
tigators in the phenotypic differences among small cohorts of
patients with FPLD2 and FPLD3 [42]. It is intriguing to specu-
late what mechanisms could be responsible for these paradox-
ical results. Since both patients with FPLD2 and patients with
FPLD3 have only partial loss of body fat, mainly from the ex-
tremities [10, 43, 44], our data suggest that adipocytes from
the nonlipodystrophic regions in patients with FPLD3 may be
more dysfunctional than those from patients with FPLD2.
Okuno et al [45] reported that troglitazone administration for
15 days normalized mild hyperglycemia and marked hyperinsu-
linemia in the obese Zucker rats and increased the number of
small adipocytes by about 4-fold in both retroperitoneal and
subcutaneous adipose tissues, which could be responsible for
improved insulin sensitivity. These observations suggest that pa-
tients with FPLD3 with PPARG variants may have a reduced

number of small, insulin-sensitive adipocytes with preservation
of large adipocytes, and this could be another underlying mech-
anism explaining less severe lipodystrophy despite more insulin
resistance in FPLD3 patients compared with patients with
FPLD2.

While the precise molecular mechanisms by which LMNA
and PPARG variants cause loss of extremity fat are not clearly
elucidated, they appear to be strikingly different. For example,
LMNA encodes nuclear lamina proteins, lamins A and C,
which are widely expressed including in the adipose tissue
[46, 47]. Lamins A and C not only interact with the proteins
embedded in the inner nuclear membrane but also can directly
interact with chromatin [3]. It is believed that LMNA patho-
genic variants cause loss of subcutaneous fat from the extrem-
ities as a result of nuclear dysfunction resulting in early
senescence or apoptosis of adipocytes in these regions
[46, 47]. However, why body fat from the face, neck, intra-
abdominal region remains well preserved in patients with
FPLD?2 is not clear. In fact, there is excess fat accumulation

Table 5. Comparison of anthropometric parameters and body fat distribution in subjects with familial partial lipodystrophy, FPLD3 and FPLD2

FPLD3 FPLD2

n Value n Value P value P value adjusted for sex and age
Thigh skinfold (mm)” 14 11.3 (4-28.5) 96 5.8 (3-35) .001 .0006
Subscapular skinfold (mm)” 16 27.5 (11-55) 101 17.5 (7-48) .001 .006
Suprailiac skinfold (mm)* 14 16 (7-45.5) 103 9.3 (4-40) .001 .0003
Triceps skinfold (mm)“ 16 7.5 (4-23.8) 107 5.5 (3-28.5) .01 .004
Biceps skinfold (mm)” 16 6.8 (3-23) 107 4.3 (2-33) .001 .002
Calf skinfold (mm)? 16 6 (4-17.5) 104 4 (2-24.5) .01 .002
Abdomen skinfold (mm)” 15 24.5 (13-50.0) 104 15.0 (4-60.3) .001 .0004
Chest skinfold (mm)* 9 10.5 (5.5-19.5) 94 9.0 (4-46) 39 57
Axillary skinfold (mm) 9 20.0 (10-29) 91 12 (5-41) 048 11
Upper limb fat (%)b 18 27.3+5.4 96 21.1+7.8 .002 .002
Lower limb fat (%)h 18 20.5+5.6 96 15.8+6.1 .003 .004
Truncal fat (%)” 18 28.9+6.0 97 26.6+7.0 .18 18
Total fat (%)° 19 26.0+4.6 98 22.3+6.1 013 01
Lower limb fat/truncal fat ratio® 18 0.73+0.21 96 0.60+0.20 .02 .013

“Data skewed and are shown as median (minimum and maximum values).
Data shown as mean + SD; from dual-energy X-ray absorptiometry.
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Figure 2. Skinfold thickness measurements in subjects with FPLD3 and
subjects with FPLD2. (A) Subscapular skinfold thickness (mm)
measurements, (B) triceps skinfold thickness (mm) measurements, and
(C) thigh skinfold thickness (mm) measurements. Numbers of subjects
for whom the value of the variable was available are shown below the
x-axis. The gray box shows 25th and 75th percentiles with median
shown as a horizontal line. The whiskers denote 5th and 95th
percentiles. Individual values below the 5th and above the 95th
percentile are shown. P values are shown above the box plots.

in these nonlipodystrophic regions in many patients with
FPLD2. For example, patients with FPLD2 have been re-
ported to have increased intra-abdominal fat accumulation
on magnetic resonance imaging [43] and autopsy [48, 49]. It
is likely that these fat depots are not adversely affected meta-
bolically and participate efficiently in triglyceride storage and
release, similar to normal healthy adipose tissue.

On the other hand, PPAR, is the master ligand-dependent
nuclear transcription factor involved in adipogenesis
[50, 51]. PPARG encodes 2 isoforms by alternative splicing,
PPAR,1 and PPAR,2. While PPAR,2 is expressed exclusively
in adipocytes, PPAR,1 is expressed ubiquitously [50, 51].
PPAR, also plays a role in lipid storage in adipocytes. We hy-
pothesize that PPARG pathogenic variants causing FPLD3 re-
sult in loss of subcutaneous fat from the extremities but also
induce a generalized metabolic dysfunction in the remaining,
well-preserved, adipose tissue depots, such as those inside
the abdomen. This metabolic dysfunction may affect lipogen-
esis and triglyceride storage as well as lipolysis from the adipo-
cytes. Some of the pathogenic variants in PPARG, but not all,
have been documented to be dominant negative [14, 52-54],
thus affecting negatively the function of the wild-type
expressed protein. Therefore, it is likely that these dominant
negative variants may cause worse adipocyte dysfunction
but only mild to moderate loss of adipocyte mass. In contrast,
LMNA variants may simply affect adipocytes by
haploinsufficiency.

Another potential factor contributing to worse metabolic
disease despite greater preservation of adipose tissue in
FPLD3 vs FPLD2 relates to ease of clinical recognition.
Underdiagnosis of FPLD2 has been well documented [55].
As the loss of subcutaneous fat from the extremities in
FPLD3 is more subtle than that seen in FPLD2, it is likely
that an even a lower proportion of patients with FPLD3 are
diagnosed compared with FPLD2. Thus, it is possible that
the more severe metabolic disease observed in FPLD3 in this
study is due to greater recognition and referral of patients
with FPLD3 who have severe metabolic disease to the tertiary
referral centers [44].

Thus, future molecular and metabolic studies of nonlipody-
strophic adipose tissue from patients with FPLD2 and FPLD3
may provide clues to their dysfunction. Our data suggest that
beyond loss of adipose tissue, dysfunction of adipocytes also
can contribute to metabolic abnormalities in patients with
lipodystrophies.
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