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Abstract
Background Familial Partial Lipodystrophy (FPLD) is a disease with wide clinical and genetic variation, with seven 
different subtypes described. Until genetic testing becomes feasible in clinical practice, non-invasive tools are used 
to evaluate body composition in lipodystrophic patients. This study aimed to analyze the different anthropometric 
parameters used for screening and diagnosis of FPLD, such as thigh skinfold thickness (TS), Köb index (Köbi), 
leg fat percentage (LFP), fat mass ratio (FMR) and leg-to-total fat mass ratio in grams (LTR), by dual-energy X-ray 
absorptiometry, focusing on determining cutoff points for TS and LFP within a Brazilian population.

Methods Thirty-seven patients with FPLD and seventy-four healthy controls matched for body mass index, sex and 
age were studied. Data were collected through medical record review after signing informed consent. All participants 
had body fat distribution evaluated by skinfolds and DXA measures. Fasting blood samples were collected to evaluate 
glycemic and lipid profiles. Genetic studies were carried out on all patients. Two groups were categorized based on 
genetic testing and/or anthropometric characteristics: FPLD+ (positive genetic test) and FPLD1 (negative genetic 
testing, but positive clinical/anthropometric criteria for FPLD).

Results Eighteen (48.6%) patients were classified as FPLD+, and 19 (51.4%) as FPLD1. Unlike what is described in the 
literature, the LMNA variant in codon 582 was the most common. Among the main diagnostic parameters of FPLD, 
a statistical difference was observed between the groups for, Köbi, TS, LFP, FMR, and LTR. A cutoff point of 20 mm for 
TS in FPLD women was found, which is lower than the value classically described in the literature for the diagnosis of 
FPLD. Additionally, an LFP < 29.6% appears to be a useful tool to aid in the diagnosis of these women.

Conclusion Combining anthropometric measurements to assess body fat distribution can lead to a more accurate 
diagnosis of FPLD. This study suggests new cutoff points for thigh skinfold and leg fat percentage in women with 
suspected FPLD in Brazil. Further studies are needed to confirm these findings.
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Background
Familial Partial Lipodystrophy (FPLD) is a disease with 
broad clinical and genetic variation [1, 2]. Seven differ-
ent subtypes of FPLD have been described. However, the 
genetic inheritance of FPLD type 1 (FPLD1), or Köbber-
ling syndrome, has not yet been identified [3]. Guíllin and 
colleagues proposed a measure to assist in the diagnosis 
of patients with FPLD1, known as the Köb index (Köbi), 
which is calculated by the ratio of subscapular (SS) and 
calf skinfold (CS) thickness. According to this study, a 
Köbi > 3.477 is highly suggestive of this syndrome, with 
a sensitivity of 89% and specificity of 84% [4]. The other 
subtypes range from 2 to 7 and have specific genetic vari-
ants: LMNA, PPARG, PLIN1, CIDEC, LIPE, and CAV1, 
respectively [3–5]. The subtypes of FPLD have in com-
mon the selective loss of adipose tissue, most commonly 
in the lower limbs [3, 6–8].

The diagnosis of FPLD is challenging due to its clini-
cal and phenotypic variability, with atypical and typical 
forms described in the literature [2, 9]. Although its diag-
nosis is essentially clinical, non-invasive tools are used 
to evaluate body composition in lipodystrophic patients 
[10]. These include skinfold thickness measurement, bio-
impedance analysis, magnetic resonance imaging (MRI), 
computerized tomography scan (CT) and dual-energy 
X-ray absorptiometry (DXA). Among these methods, 
thigh skinfold thickness (TS), central-to-peripheral mass 
ratio (or fat mass ratio [FMR]) by DXA, and Leg-to-total 
fat mass ratio in grams (LTR) by DXA are commonly 
used for FPLD diagnosis due to their ease of use and 
availability (3,5,10,11). The diagnosis of FPLD can be sup-
ported by the following criteria: TS < 22 mm for women 
and < 10 mm for men (3,11), FMR > 1.2 [3, 11], LTR < 25% 
[10], and Köbi > 3.477 [4].

To calculate FMR and LTR, more in-depth knowledge 
of FPLD is needed since it is mandatory to identify which 
measurements from the DXA report should be used in 
each index. The leg fat percentage (LFP), a straightfor-
ward measurement, evaluates the adipose tissue propor-
tion in the lower limbs. A recent study examining DXA 
parameters for diagnosing FPLD in women determined 
that LFP is the optimal objective anthropometric mea-
sure for diagnosis [10].

This study aimed to analyze the different anthropomet-
ric parameters used for screening and diagnosis of FPLD, 
focusing on determining cutoff points for TS and LFP 
within a Brazilian population.

Patients and methods
Study population
In this cross-sectional study, we identified 37 patients 
with previous FPLD diagnosis, clinical or genotypic, who 
were followed at the Endocrinology outpatient clinic of 

the Federal University of Ceará (Fortaleza, Brazil). This 
clinic is a reference in FPLD care in northeast Brazil.

The exclusion criteria were as follows: age under 18 
years, male sex, acquired lipodystrophies, congenital gen-
eralized lipodystrophy (CGL), severe renal or hepatic dis-
eases, depression and alcoholism.

Two groups were categorized based on genetic testing 
and/or anthropometric characteristics. FPLD + patients 
were those with a positive genetic variant for FPLD-
related genes. Those who met clinical and anthropomet-
ric criteria for FPLD but had negative genotyping were 
classified as FPLD1.

FPLD1 and participants had at least three of the fol-
lowing: loss of adipose tissue affecting the lower limbs 
post-puberty, noticeable veins and muscularity (essential 
criteria), acanthosis nigricans, polycystic ovarian syn-
drome (PCOS), type 2 diabetes (T2D) or impaired fasting 
glucose (IFG), hypertriglyceridemia or low high-density-
lipoprotein (HDL) cholesterol. The diagnostic criteria for 
PCOS were oligomenorrhea and hirsutism without any 
other known cause.

For comparison of anthropometric data, a control 
group with 74 healthy volunteers matched for age, sex, 
and body mass index (BMI) in a 2:1 ratio was selected. 
This group was recruited from outpatient clinics and 
hospital employees and was not related to the patients. 
This study was conducted in accordance with the ethi-
cal guidelines of the Helsinki Declaration and received 
approval from the Ethics Committee. Patients provided 
informed consent, and data were collected through med-
ical record review after obtaining consent.

Anthropometrical parameters
The subsequent criteria were used to support FPLD 
diagnosis: TS < 22  mm, FMR > 1.2, LTR < 25% and/or 
Köbi > 3.477.

Laboratorial parameters
All patients underwent molecular analysis through a 
genetic panel for lipodystrophies and pancreatitis as 
an outpatient routine. The genes assessed in this panel 
are ABCA1, AGPAT2, AKT2, APOA5, APOC2, BSCL2, 
CAV1, CAVIN1, CFTR, CIDEC, CTRC, CYP27A1, GPI-
HBP1, LIPA, LIPE, LMF1, LMNA, LMNB2, LPL, MFN2, 
PLIN1, POLD1, PPARG, PRSS1, PSMB8, SMPD1, 
SPINK1 and ZMPSTE24.

For the purpose of diagnosing FPLD, variants in the 
genes LMNA, PPARG, PLIN1, CIDEC, LIPE, and CAV1 
were taken into consideration. Adhering to the guidelines 
outlined by the American College of Medical Genetics 
and Genomics and the Association for Molecular Pathol-
ogy, genetic variations in LIPE and CIDEC genes are 
deemed pathogenic exclusively in the homozygous state 
due to their autosomal recessive inheritance. Conversely, 
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the remaining genetic variants are classified as patho-
genic in both homozygous and heterozygous presenta-
tions, as their inheritance follows an autosomal dominant 
pattern.

The American Diabetes Association diagnostic stan-
dards for T2D and IFG were used. Dyslipidemia was 
diagnosed using triglycerides ≥ 150  mg/dL and/or HDL-
cholesterol levels < 50 mg/dL. Fasting blood samples were 
collected to evaluate glycemic and lipid profiles.

Body composition evaluation
Body evaluation by skinfolds and DXA is routinely per-
formed by two experienced nutritionists from the clinic. 
Fasting weight, height, and skinfold thickness of the 
TS, SS and CS were measured with a calibrated Lange® 
caliper. BMI was calculated by dividing weight (kg) by 
height squared (m2). Whole-body, truncal, upper limb, 
and lower limb fat mass were measured using DXA scan 
(GE Healthcare, model Lunar Prodigy Advance, soft-
ware enCORE version 17), following the manufacturer’s 
recommendations for positioning, scan protocols, and 
analysis.

Statistical analysis
Statistical analysis was performed using RStudio version 
22.07.1 and Microsoft Excel 2016. Unpaired t tests were 

used for parametric variables, Kruskal-Wallis and then 
Mann–Whitney tests were used for nonparametric vari-
ables. A significance level of 5% was adopted. The sensi-
tivity and specificity of TS and LFP in patients with FPLD 
were calculated using receiver operating characteristic 
curve (ROC) analysis.

Results
Of the 37 identified patients, 18 (48.6%) were classified 
as FPLD + and 19 (51.4%) as FPLD1. The median age and 
follow-up time of the entire group were 44 and 2 years, 
respectively.

The anthropometric characteristics of each group are 
detailed in Table  1. The clinical characteristics of each 
participant are shown in Tables 2 and 3 of this article. 
When analyzing only regarding the medians of the 
anthropometric parameters defining lipodystrophy for all 
patients, we noted Köbi 4.66 (0.84-14; ± 6.33), TS 11 mm 
(5–55; ± 8.5), FMR 1.46 (1.07–2.16; ± 0.3), LTR 0.22 
(10.3–29.3; ± 0.05), and LFP 25% (10.4–48,7; ±8,3).

The FPLD + group (N = 18) includes individuals from 
11 different families, all of whom are native to the state 
of Ceará. The average follow-up time was 5.2 years, 
with a median age of 45 years. Three patients reported 
familial consanguinity, and one was an adopted daugh-
ter. Fifteen patients (83.3%) had Dunnigan Syndrome 

Table 1 Comparison of anthropometric and dual-energy X-ray absorptiometry measurements between different types of familial 
partial lipodystrophy and healthy controls

Groups
Variables N Total1 Control N = 741 FPLD+, N = 181 FPLD1, N = 191 p value2 Control 

vs. 
FPLD+

Control 
vs. 
FPLD1

FPLD + vs. 
FPLD1

Age (yo) 111 44 ± 12 (44) 43 ± 12
(43)

45 ± 15
(42)

50 ± 8
(52)

0.053 0.6 0.1 0.056

BMI (kg/m2) 111 27.2 ± 4.5 
(26.5)

26.8 ± 4.4 (26.4) 26.1 ± 4.3 (25.3) 29.5 ± 4.7 (28.8) ** 0.8 0.056 0.068

SS (mm) 111 29 ± 11 (28) 26 ± 9
(19)

31.8 ± 15 (31) 37 ± 12 (39) * 0.3 * 0.4

CS (mm) 63 14 ± 8 (11) 20 ± 9
(19)

3 ± 4
(6)

13 ± 6
(13)

* * ** *

Köbi 63 3.35 ± 2.88 
(2.35)

1.49 ± 1.25 (1.12) 6.12 ± 3.4 (5.75) 3.28 ± 1.73 (3.14) * * * **

TS (mm) 111 27 ± 14 (27) 33 ± 11
(33)

8.2 ± 3
(8)

20 ± 12 (17) * * * *

WFP (%) 111 37 ± 8 (38) 40 ± 6
(40)

29 ± 8
(31)

37 ± 7
(38)

* * 0.3 **

LFP (%) 111 35 ± 10 (35) 39 ± 7
(38)

22 ± 7
(20)

30 ± 7
(28)

* * * **

TFP (%) 111 40 ± 8 (41) 41 ± 7
(41)

34 ± 9
(37)

42 ± 8
(42)

** * 0.9 **

FMR 111 1.21 ± 0.3 
(1.13)

1.06 ± 0.22 (1.02) 1.6 ± 0.32 (1.63) 1.45 ± 0.69 (1.35) * * * 0.3

LTR 111 0.3 ± 0.1 (0.31) 0.98 ± 0.13 (1) 0.20 ± 0.04 (0.21) 0.22 ± 0.05 (0.23) * * * 0.4
1 Mean ± Standard Deviation (Median); n (%). 2 Kruskal-Wallis Test; Fisher’s Exact Test. * p < 0.001. ** p < 0.05

Notes: BMI, body mass index; CS, calf skinfold; FMR, fat mass ratio; Köbi, Köb index; LFP, leg fat percentage; LTR, leg-to-trunk ratio; N/A, not available; SS, subscapular 
skinfold; TFP, trunk fat percentage; TS, thickness skinfold; yo, years old; WFP, whole fat percentage
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(FPLD2), belonging to nine different families. The mean 
age was 40.6 years, and the mean follow-up time was 5.3 
years. Among FPLD2 patients, twelve (80%) had LMNA 
p.(Arg582Cys) variant, while three (20%) harbored the 
LMNA p.(Arg482Trp) variant. Two sisters (Cases C1 and 
C2, Table 2), born to consanguineous parents, had homo-
zygous LMNA p.(Arg582Cys) variant, presenting with the 
generalized phenotype. These two cases were previously 
reported in the literature [12]. Three women belonging to 
two lineages carried PPARG p.(Leu298Profs*41) variant. 
It was not possible to analyze FPLD + subgroups sepa-
rately due to the small sample of patients with PPARG 
gene variants. In this group, only two women carrying 
the LMNA p.(Arg582Cys) variant did not satisfy the FMR 
criteria (Cases C1 and G3, Table 2); notably, one of these 
individuals presented the variant in a homozygous state. 
Both TS and FMR were frequently identified as diagnos-
tic criteria in the FPLD + group, with all FPLD + patients 
meeting the criteria when TS was employed.

Seventeen (89.5%) of the FPLD1 group had obesity or 
overweight. FMR was ≥ 1.2 in all individuals of the group. 
Eight FPLD1 patients had a Köbi > 3.477, of whom seven 
had TS < 22  mm, and only one patient, with a BMI of 
37.6 kg/m2, had a TS of 23.5 mm. The remaining patients 
in the group did not show positivity for Köbi. The median 
BMI for all groups remained within the overweight 
range (p 0.04). The leanest individuals belonged to the 
FPLD + group.

A significant p value was observed in the analysis 
between all groups for Köbi, TS, LFP, FMR, and LTR 
(p < 0.001). When comparing controls versus FPLD + and 
controls versus FPLD1 for the same parameters men-
tioned above, p < 0.001 was found to all comparisons.

When correlating the diagnostic criteria among FPLD 
groups, we found statistically significant differences in 
the comparison for Köbi (p 0.016). However, when ana-
lyzing the components of this index, there was a signifi-
cant difference between these two groups only for CS 
(p < 0.001). Regarding TS, the FPLD + group was differ-
ent from FPLD1, with a p value of < 0.001 for both com-
parisons. The parameters that showed similarity between 
FPLD subtypes were LTR and FMR.

Lipoatrophy of the lower limbs is a prominent feature 
observed during the evaluation of FPLD. TS represents 
one of the main parameters for the diagnostic support of 
lipodystrophic syndromes. Based on its relevance in the 
literature, we analyzed a cutoff point of TS in the sample. 
The cutoff point by Youden’s criterion with the best bal-
ance was 20 mm, with a sensitivity of 81%, specificity of 
93.2%, and area under the curve (AUC) of 0.89 (Fig. 1). 
Furthermore, LFP cutoff point was also evaluated as a 
diagnostic tool for FPLD and it was 29.6% (sensitivity 
72.9%, specificity of 95.9% and AUC 0.895) (Fig.  2). For 

this particular group of women, the median age, TS, and 
LFP were 42 years, 11 mm, and 25%, respectively.

Discussion
This is the first Brazilian study comparing different sub-
types of FPLD among themselves and with a healthy con-
trol group, having evaluated 37 patients and 74 healthy 
controls.

It is known that genetic tests are costly and have low 
availability in our setting. Therefore, anthropometric 
analyses remain the most commonly used to support 
the diagnosis of lipodystrophic syndromes, possibly due 
to their greater simplicity of execution and lower cost, 
especially the performance of skinfold thickness mea-
surements. It is important to note that FMR, LTR, and 
skinfold thickness measurements are indirect measures 
and may not be specific to FPLD and may be altered in 
other conditions that affect body fat distribution, such 
as hypercortisolism and exogenous obesity [1, 13–15]. 
Delayed diagnosis may contribute to increased comor-
bidities and complications in this population [5, 16, 17].

When analyzing the diagnostic criteria for lipodystro-
phies, lower limbs lipoatrophy is present, even indirectly, 
in several evaluative methods, such as TS, the Köbi index, 
and ratios between masses and fat percentages in DXA 
(FMR and LTR) [10, 11]. Additionally, this is a remarkable 
phenotypic change that captures the attention of health-
care professionals examining patients with suspected 
FPLD. There was a statistically significant difference in 
the comparison between FPLD + and FPLD1 for Köb 
(p = 0.016). However, when analyzing the components of 
this index, there was a significant difference for these two 
groups only for CS, which had a p value < 0.001, whereas 
the same was not observed in the comparison between 
the SS skinfolds of the groups. This finding supports the 
significance of lower limbs lipoatrophy in distinguishing 
between subtypes of FPLD lacking established genetic 
bases.

Diagnostic aid tools that rely on physical character-
istics, such as TS, may be influenced by ethnicity, and 
the same cutoff points may not be applicable to differ-
ent populations worldwide. TS is one of the most widely 
accepted and used parameters for the diagnosis of FPLD, 
probably due to its relative simplicity in execution. How-
ever, it requires a properly calibrated and scientifically 
validated skinfold caliper, as well as a professional who 
knows how to perform the technique properly. In addi-
tion, it is an operator-dependent test, and there may be 
discrepancies in measurements even among experienced 
examiners. These points may explain the statistically sig-
nificant difference found between the groups.

The LFP may be an alternative to TS for diagnos-
tic suspicion in scenarios where genetic testing is not 
feasible and the examiner lacks familiarity with other 
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anthropometric indices of DXA, such as FMR and LTR. 
Other advantages of LFP include the possibility of objec-
tive documentation, easy evaluation without the need 
for patient privacy concerns during the consultation, low 
cost and quick execution compared to MRI, and low radi-
ation dose compared to CT scan.

The available data in the current literature on TS are 
largely derived from non-Brazilian populations and sub-
sequently extrapolated for use in the evaluation of the 
Brazilian population [4, 8]. Therefore, the cutoff values 
found in FPLD women for TS and LFP in this study may 
represent more suitable parameters for the evaluation of 
female patients with lipodystrophy from Brazil.

Limitations of this research include the retrospective 
data collection, some of which were self-reported; the 
small sample size, although it should be noted that this 
is a rare disease; the exclusively northeastern and Ceará 
cohort, which may limit the generalizability of the find-
ings to other regions of Brazil; and the exclusion of the 
male and pediatric population from the study.

Conclusion
The combined use of anthropometric measurements for 
assessing body fat distribution, clinical history, and, if 
possible, genetic analysis contributes to a definitive and 
more accurate diagnosis of FPLD. A new cutoff point for 
thigh skinfold and leg fat percentage in women in this 
case series was suggested, which are 20 mm and 29,6%, 
respectively. These parameters might be deemed more 
suitable for assessing suspected FPLD women in Brazil. 
Further studies are needed to confirm these associations.
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