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Abstract

Objective: The global increase in the prevalence of metabolic syndrome represents a significant
public health concern. Rare biallelic pathogenic variants in ZMPSTE24 have been identified as the
cause of mandibuloacral dysplasia type B, i.e. a lipodystrophy syndrome associated with metabolic
complications. The role of monoallelic pathogenic variants in ZMPSTE24 concerning metabolic
syndrome remains uncertain.

Design: Case report and systematic review of literature.

Methods: We investigated a Wallisian family with FPLD and metabolic syndrome via whole-
exome sequencing. We performed functional analyses of an identified rare ZMPSTE?24 variant. To
broadly assess the effect of heterozygous pathogenic. ZMPSTE24 variants on FPLD-associated
phenotypes, and metabolic syndrome, we used the Human Gene Mutation Database [HGMD] and
200K exome data from UK Biobank.

Results: We investigated a Wallisian-family where a 40-year-old female with metabolic syndrome
was found to carry a rare heterozygous missense variant in ZMPSTE?24. Functional assays showed
a decreased prelamin .to lamin“/A maturation and accelerated senescence. In silico analysis
demonstrated thatthis variant might disrupt the lamin A binding site. We then analyzed the impact
of monoallelic pathogenic ZMPSTE?24 variants on metabolic traits using data from the HGMD and
the UK Biobank. InHGMD, ZMPSTE24 variants carriers presented with dyslipidemia and hepatic
steatosis. In the UK Biobank, monoallelic pathogenic variants were associated with an increased
risk of hypertriglyceridemia, with a trend toward metabolic syndrome.

Conclusions: This study underscores the association of ZMPSTE24 rare variants with metabolic

disorders and emphasizes the need for further research to clarify their clinical implications.
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Significance statement: We identified a heterozygous likely pathogenic ZMPSTE24 variant in a
Wallisian family with obesity, metabolic syndrome, and suspected familial partial lipodystrophy
(FPLD). Functional studies confirmed its deleterious cellular effects, impacting senescence and
nuclear morphology. Using large databases, including UK Biobank and the Human Gene Mutation
Database, we demonstrated a significant association between heterozygous pathogenic variants
in ZMPSTE?24 and an elevated risk of hypertriglyceridemia, along with a trending association with
an increased risk of  metabolic  syndrome. These  results « ‘suggested that
monoallelic ZMPSTE24 deficiency may represent an oligogenic, rather than a monogenic, form of
FPLD. Given the challenges in diagnosing FPLD, we highlight the importance of identifying it in
patients with metabolic syndrome, especially those with hypertriglyceridemia and other potential

FPLD-related complications.
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Introduction

The metabolic syndrome is a constellation of potent cardiovascular risk factors and currently
represents a significant major global health concern, with increasing prevalence rates although
varying according to the diagnostic criteria employed, gender, and ethnicity (1). The metabolic
prevalence is 43% of South Asian American males (2) but “only” 21% of the Australian‘population
().

The definition of metabolic syndrome has evolved over time. The International Diabetes
Federation's global consensus definition incorporates biological markers glycated hemoglobin Alc
(HbA1c), fasting plasma glucose (FPG), triglyceride (TG), and high-density lipoprotein (HDL)-
cholesterol, with clinical features waist circumference and blood pressure (1, 3). Metabolic
dysfunction-associated fatty liver disease (MAFLD), chronic proinflammatory and prothrombotic
states, and sleep apnea, have also been.also recognized as integral components of metabolic
syndrome (3). The pathogenesis of*metabolic syndrome is complex, and insulin resistance and
abnormal fat distribution have been:identified as primary driving factors (1). Moreover, a genetic
predisposition has beendidentified as a key factor for its development, with a significant heritability
of the traits linked to metabolic syndrome, regardless of the subject's sex and age (4, 5). Several
monogenic _causes of metabolic syndrome associated with obesity have been identified including
monoallelic pathogenic variants in DYRK1B (6, 7), MRAP2 (8), and CELA2A (9). It has been also
demonstrated that lipodystrophy is highly prevalent among patients with metabolic syndrome (10,
11).

The most prevalent monogenic form of lipodystrophy is familial partial lipodystrophy, Dunnigan
type (FPLD2), an autosomal dominant disorder caused by heterozygous pathogenic variants in
LMNA, which encodes Prelamin A. Prelamin A undergoes transformation into mature lamin A

through the action of ZMPSTE?24, i.e. a unique metalloprotease. ZMPSTE24 is known to remove
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a farnesyl group by cleaving the C-terminal amino acids of prelamin A. Billalelic pathogenic
variants in ZMPSTE24 cause dysfunctional metalloprotease production, resulting in a total
lipoatrophy with accumulation of prelamin A (12, 13, 14) (#OMIM * 606480). The question of
whether heterozygous pathogenic ZMPSTE?24 variants contribute to a subtype of FPLD associated
with severe metabolic syndrome remains elusive (10, 15).

We explored a Wallis island family with Polynesian origin affected by metabolic disorders with
some traits of FPLD. We identified three carriers of a heterozygous ZMPSTE24 variant that was
found likely pathogenic according to in vitro assays. We then conducted a large-scale genomic
study, focusing on rare, pathogenic or likely pathogenic (P/LP) ZMPSTE?24 variants in the literature

and UK Biobank, to unravel their influence on various metabolic traits.

Materials and Methods

Study participants. We collected.clinical datafrom the medical records of a Polynesian family,
with a focus on diabetes and.its treatment, hypertriglyceridemia, body mass index (BMI), adipose
tissue distribution, and”cardiovascular history. In accordance with French laws, we obtained
consent from bothpatients and their relatives. Prior to the collection and use of patient photographs
for research_andpublication purposes, written informed consent was obtained in accordance with
ethical_guidelines and the Declaration of Helsinki.

We also conducted a thorough literature review and collected clinical and genetic details from the
Human Gene Mutation Database (HGMD Pro 2022 v4) for individuals carrying a heterozygous,
P/LP ZMPSTE?24 variant.

Subsequently, we extracted metabolic syndrome-associated traits, encompassing abdominal
obesity, hyperglycemia, elevated triglycerides, and reduced high-density lipoprotein (HDL)-

cholesterol levels, from 200K participants of UK Biobank. Additionally, we collected information
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on overweight or obesity status, cardiovascular disorders, and hepatic steatosis. UK Biobank has
approval from the North West Multi-centre Research Ethics Committee (MREC) as a Research
Tissue Bank (RTB) approval. This analysis was conducted through research application #67575.
Inaccordance with guidelines established by the centers for disease control and prevention, obesity
was characterized by a BMI equal to or exceeding 30 kg/m?, whereas overweight.was defined by a
BMI ranging from 25 kg/m? to 30 kg/m? for adults.

The reference values for the lipid profile are as follows: TG < 1.70 mmol/L; for Low-Density
Lipoprotein (LDL)- cholesterol, thresholds were adjusted according to cardiovascular risk based
on the ESC September 2019 guidelines: low risk < 3 mmol/L, moderate risk < 2.6 mmol/L, high
risk < 1.80 mmol/L, very high risk < 1.40 mmol/L, and.<2mmol/L if atherosclerosis was present.
We applied metabolic syndrome criteria to define abdominal obesity, hypertriglyceridemia, low
HDL, and high blood pressure (3). Metabolic syndrome was characterized by abdominal obesity
accompanied by two or more of the-following: hypertriglyceridemia, low HDL, hyperglycemia,
and high systolic and/or diastolic ‘blood pressure (3). According to the international diabetes
federation consensus worldwide definition, abdominal obesity in males corresponded to a waist
circumference >94 cm (except > 90 cm forindividuals of South-East Asian, South Asian, Japanese,
and ethnic South-and Central American origin), and in females, a waist circumference > 80 cm (1,
3, 16)..Diabetes was indicated by HbA 1c> 48 mmol/L or a random glucose measurement > 11.1
mmol/L (17). The American Diabetes Association (ADA) categorizes pre-diabetes with HbAlc
levels ranging from 39 to 46 mmol/mol or FPG levels between 5.6 mmol/L and 6.9 mmol/L (17).
High triglycerides were defined by a triglyceride value > 1.70 mmol/L (1, 3). Low HDL levels
were defined as < 1.03 mmol/L for men or < 1.29 mmol/L for women (1, 3). High blood pressure

was characterized by systolic blood pressure > 130 mmHg or diastolic blood pressure > 85 mmHg

@3).
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Exome sequencing and analysis of siblings. We performed whole-exome sequencing in the index
case of the Wallisian family using Twist Bioscience in combination with Illumina sequencing on
the NovaSeq6000 System. Reads were aligned to the human genome (GRCh38). The index case's
initial analysis involved 69 genes responsible for monogenic diabetes, 128 genes for monogenic
obesity, 28 genes for monogenic lipodystrophy and 73 genes for lipid disorders (Supplementary
Table 1). We then performed Sanger sequencing targeting the variant encoding p.(Leu438Phe) in
ZMPSTE24 (NM_005857.5) across the extended family, including both parents, sister, and son.
Primer sequences and PCR conditions are available upon request.

Functional in vitro analysis. The functional analyses were conducted as previously described,
encompassing cellular culture and transfection, immunofluorescence imaging and analysis,
senescence-associated beta-galactosidase assay, and cellular BrdU labeling (10, 15). Further details
can be found in the Supplementary Methods.

Analyses of variants’ pathogenicity.. To assess the pathogenicity of the variants throughout the
manuscript, we used the standardsand guidelines of the American College of Medical Genetics
and Genomics (ACMG) (18).

Association between monoallelic P/LP ZMPSTE24 variants and metabolic traits in UK
Biobank. We. utilized exome data (200K) in pVCF format to identify monoallelic, P/LP
ZMPSTE24 variants. As detailed in a previous study (19), we employed the MiST method (20) to
comprehensively evaluate the impact of monoallelic P/LP ZMPSTE24 variants on multiple
metabolic traits. These traits included obesity, high systolic or diastolic blood pressure,
hyperglycemia, hypertriglyceridemia, low HDL-cholesterol and metabolic syndrome. In brief, the
monoallelic, P/LP ZMPSTE?24 variants detected in UK Biobank were treated as a singular cluster
for analysis. We did not identify biallelic, P/LP ZMPSTE24 variants in UK Biobank. Via the MiST

method, we generated S(m) to quantify the mean effect (w) of the variant cluster. We only showed
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the p-values of the mean effects () in the present study. These analyses were adjusted for age, sex,
and ancestry, represented by the first five genetic principal components available.

Results

Clinical features in a family harboring a P/LP ZMPSTE?24 variant

We studied a female patient (referred to as the proband, Patient 111.1; Table 1 and Figure 1) and
her four siblings from a nonconsanguineous family originating from Wallis. Three of them
presented with obesity and nonautoimmune diabetes (Table 1). Three family:-members, including
the proband (Patients I11.1, 11.13, and 11.14; Table 1), fulfilled the criteria for metabolic syndrome.
The proband, i.e. a 40-year-old female (Patient I11.1; Table 1, Supplementary Table 2 and
Supplementary Figure 1), was further evaluated for metabolic traits. Abdominal ultrasound
revealed hepatic steatosis. She was initially treated with-metformin and a glucagon-like peptide-1
receptor agonist (GLP1-RA), but later required basal insulin due to poor glycemic control (Table
1 and Supplementary Table 2). Dyslipidemia was managed with 40 mg/day of statin. Physical
examination revealed facial and cervical fat accumulation without subcutaneous fat lipoatrophy in
the abdominal or leg areas (Table 1, Supplementary Table 2 and Supplentary Figure 1). The
patient presented<with a metabolic syndrome characterized by early-onset insulin resistance
beginning at the age of 15, without associated obesity at that time. Following a marked increase in
HbAlc to 155.8 mmol/mol at age 42, due to discontinuation of her diabetes treatment, further
assessments were conducted. Adiponectin and leptin levels were low (Supplementary Table 2).
Due to her low leptin levels and lack of satiety, recombinant leptin therapy was recommended but
not prescribed yet.

Inthis index case (Patient 111.1), we identified a heterozygous variant in ZMPSTE24 (NM_00587.5:
€.1312C>T / p.(Leud38Phe)) through whole-exome sequencing. No other putative variants of

interest were identified in genes causing monogenic forms of diabetes, obesity, lipodystrophy or
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lipid disorders (Supplementary Table 1). Sanger sequencing subsequently confirmed the presence
of the ZMPSTE?24 variant in the index case and revealed that both her father (Patient 11.13) and one
of her sisters (Patient I11.6) were also carriers (Table 1 and Figure 1). Each carrier displayed
insulin resistance, nonautoimmune diabetes, obesity and metabolic syndrome (Table 1 and Figure
1). The adipose marker measurements could not be conducted. Furthermore, genetic testing could
not be performed for all family members.

This ZMPSTE?24 variant encoding p.(Leu438Phe) has previously been suggested to be disease-
causing in a male patient from Wallis who presented with a similar“phenotype, including severe
metabolic syndrome and ectopic fat accumulation (10). We employed a combination of functional
tests toanalyze thein vitro effect of the variant in the patient's fibroblasts (10, 15) (Supplementary
Figure 2). Cellular senescence, assessed by measuring beta-galactosidase levels in fibroblasts from
index case I11.1, was significantly higher than.in controls (Figure 2A). These results were
comparable to those found in a _patient from the previous study (10), who carried the same
ZMPSTE?24 variant and who also presented with metabolic syndrome (Figure 2A). Moreover,
fibroblast cells from the‘proband exhibited reduced replication capacity when compared to controls
(Figure 2B). Using siRNAs targeting prelamin A, we also found a significant reduction in prelamin
A accumulationin the index case (Figure 2C), resulting in marked decrease in nuclear
abnormalities compared to the patient’s cells transfected with siRNA negative control (Figure 2D).
Interestingly, the deleterious impact of the ZMPSTE24 variant was also suggested by in silico
software programs (REVEL score of 0.87) (21). Indeed, this variant was located within the
peptidase M48 and CAAX prenyl protease 1 protein domains, involved in a lamin A binding site,
in a conserved region (data not shown). Therefore, using the ACMG criteria, the ZMPSTE24

variant was characterized as likely pathogenic.
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Impact of monoallelic P/LP ZMPSTE?24 variants on metabolic traits in different studies

We analyzed the impact of heterozygous, P/LP ZMPSTE24 variants on the development of
impaired metabolic traits in the literature and UK Biobank. In HGMD (HGMD Pro 2022 v4), we
identified 37 P/LP ZMPSTE24 variants, including four variants only in a heterozygous. state
(Supplementary Table 3). Heterozygous carriers of ¢.1085dup / p.Leu362PhefsTerl9, c.1204-
1G>A, ¢.1204-5 1210del or ¢.1312C>T / p.(Leu438Phe) (all defined.as P/LP variant) had
dyslipidemia (10, 22, 23). Additionally, the heterozygous variant encoding;p.(Leu438Phe) was
identified in two twins with MAFLD (24).

Among the 200,585 exome samples of UK Biobank, we identified 16 heterozygous P/LP
ZMPSTE?24 variants carried by 34 individuals (Supplementary Table 4). When applying the MiST
method adjusted for age, sex, BMI, and ancestry, we found an association between monoallelic,
P/LP ZMPSTE24 variants and a higher risk of hypertriglyceridemia (36% in non-carriers vs. 59%
in carriers; OR = 2.3 [1.1; 4.7]; p-=-0.017) with a trend for metabolic syndrome (32% in non-
carriers vs. 47% in carriers; .OR =1.8/[0.89; 3.5]; p = 0.097) (Figure 3). Additionally, we also
observed a similar trend for metabolic disorders (including high blood pressure, hyperglycemia,
low HDL-cholesterol, obesity) in carriers of monoallelic P/LP ZMPSTE?24 variants compared to

non-carriers (Figure 3).

10
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Discussion

We identified in three relatives of a large Polynesian family a heterozygous likely pathogenic
variant encoding p.(Leu438Phe) in ZMPSTE24. The index case displayed major metabolic
syndrome features and abnormal fat distribution, but without overt lipoatrophy. These findings are
consistent with a previous report of a patient carrying the same ZMPSTE24 variant (10). This
patient also exhibited metabolic syndrome and ectopic fat accumulation indicative of
lipodystrophy, along with commonly associated complications (11, 25, 26). The challenge of
assessing adipose tissue distribution is particularly pronounced-in populations with a high
prevalence of obesity, such as the Polynesian population.(70.4% in Wallis and Futuna) (27). The
subtlety of fat reduction in FPLD might contribute to its underdiagnosis, as suggested by several
studies (28). BMI, which is usually within the normal-range, particularly in the most common
monogenic form of FPLD, proves to be.an unreliable indicator in patients suffering from obesity
(11). As mentioned above, certain-genes are well-known to be implicated in the development of
FPLD when mutated (e.g., LMNA, PPARG, AKT2, and PLIN1). However, there are also genes
involved in polygenic forms, such'as FPLD1 (Kobberling syndrome) (29). Here, we may question
whether heterozygous.variants in ZMPSTE24 could be associated with the emergence of an
intermediate, “oligogenic form of FPLD (30). Despite severe obesity, one carrier of the
p.(Leu438Phe) variant showed low leptin levels, while another exhibited leptin levels in the low-
normal range (31, 32); together with the observed magnitude of the odds ratio (OR) for metabolic
syndrome in the UK Biobank, these findings would support a potential causal role for heterozygous
P/LP ZMPSTE?24 variants in oligogenic FPLD.

Indeed, leptin deficiency has been a hallmark of certain forms of lipodystrophy, where recombinant
leptin therapy was shown to alleviate complications (33). The atypical fat distribution, combined

with metabolic syndrome and low leptin levels, strengthens the case for considering these patients

11
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as having an oligogenic form of FPLD (10, 30). Supporting this hypothesis, P/LP variants in LMNA
and disruptions in prelamin-A processing are known to alter nuclear envelope proteins, leading to
lipodystrophic syndromes (34). In the two monoallelic carriers of the ZMPSTE24 variant,
abnormalities in nuclear architecture were observed in skin fibroblasts (13, 14, 35, 36). The
ZMPSTE?24 variant encoding p.(Leu438Phe) has been shown in two studies to reduce enzymatic
activity within the zinc metalloprotease domain (22, 37). This reduction likely impairs proper
prelamin A cleavage, resulting in the accumulation of farnesylated prelamin A. A previous study
examining prelamin A processing through an ELISA-based method-revealed a significant reduction
(>50%) in mature lamin A production in a patient carrying the p.(Leu438Phe) variant (22).
Additionally, a subsequent study using yeast models expressing this variant identified a partial
residual metalloprotease activity of 6% (37). This may result from the larger Phe residue altering
prelamin A's orientation and hindering its.proper cleavage. Our study is limited by the absence of
functional analyses on the adipocytes of the carriers. Indeed, proteomic studies on Zmpste24-
knockout mice adipose tissue'have demonstrated enhanced lipolysis, fatty acid biogenesis, and [3-
oxidation (38, 39). Furthermore; a slight reduction in adipose tissue storage has been observed in
adipocyte-specific: Zmpste24-knockout mice (38, 39). Therefore, functional studies on patient’s
adipocytes would provide valuable insights into the influence of this variant on adipocyte
differentiation and lipogenesis.

Ourinvestigation of the UK Biobank identified an association between heterozygous P/LP variants
inZMPSTE?24 and hypertriglyceridemia, with a modest impact on the risk of metabolic syndrome.
However, the retrospective nature of the UK Biobank data, lacking critical information such as
leptin levels and adipose distribution, limited our ability to fully elucidate the role of FPLD in the
onset of hypertriglyceridemia and metabolic syndrome across a broader population. In addition, in

the UK Biobank, we have access to a range of objective clinical data, including BMI, waist

12

Gz0z Aienige4 /z uo Jasn OpG wissul Aq €1 18508/ 1 £01BA/opuala/S60 L 0L /10p/ao1E-80uBApE/OpUS[e/WO0o dNoolwepeorR//:sdiy Woly papeojumoq



circumference, and extensive biological data (e.g., HbAlc, blood glucose levels, triglycerides,
etc.). However, the presence of cardiac and hepatic complications and the details of their treatment
are recorded at the clinician's discretion, which may not provide consistently accurate information.
Therefore, larger studies incorporating more detailed clinical data and comprehensive biological
measurements, including leptin levels, are needed to determine whether monoallelic. ZMPSTE24

variants may be implicated in an oligogenic form of partial lipodystrophy at a population level.
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Figure 1. Pedigree of a family with metabolic disorders and segregation of a heterozygous,

P/LP ZMPSTE?24 variant
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The family pedigree illustrates.the status of metabolic syndrome-related traits. Under each family
member, their genetic status is indicated, followed by their current age. Below, we have listed the
age of diabetes onset and, if.known or present, the age of obesity onset. Female participants are
represented by circles, .and male participants by squares. Miscarriages are represented by a filled -
in black circle with a diagonal line through it. A diagonal line through the symbol indicates
deceased family members. Black symbols denote patients with obesity (BMI > 30 kg/m? in adults,
and. for children, BMI > 95th percentile as per Centers for Disease Control and Prevention
standards). Individuals with diabetes are indicated in red, while those with metabolic syndrome are

surrounded by blue. A red arrow points to the index case (Patient 111.1).
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GD, Gestational diabetes; NN, non-carriers; NM, heterozygous, P/LP variant in ZMPSTE24
(NM_00587.5: ¢.1312C>T / p.(Leu438Phe)); None, no reports of obesity or diabetes or pre

diabetes; m, months; -, unavailable data; yrs, years.
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Figure 2. In vitro analyses of the variant encoding p.(Leu438Phe) in ZMPSTE24
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In Figure 2.A-D, we have depicted the child control in black, the adult control in dark gray, and
the index case (I11.1) in light gray.

A.The graph presents luminescence signal values proportionate to senescence measurements on
the Glomax® platform. The control descriptions are provided in the Supplementary Methods
section. Patient 111.1 served as the index case for the present family. B. The graph depicts
absorbance readings corresponding to BrdU incorporation during DNA synthesis in proliferating
cells, measured using Glomax®. Non parametric Mann-Whitney tests were executed to compare
senescence (A) and replication capacity (B) between patient' cells and controls. C. The graph
illustrates the percentage of cells labeled with prelamin A post transfection with siRNAs targeting
prelamin A (SIRNA LMNA) or a negative control (SIRNA control). These measurements were

captured from nuclei images using an Apotome.2 system (20x magnification). D. The graph
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exhibits the percentage of nuclear abnormalities subsequent to siRNA transfection targeting
prelamin A (SiIRNA LMNA) or a negative control (SiRNA control).

Statistical analysis of the impact of sSIRNA treatments and cell lines on nuclear anomalies (D) and
prelamin A labeling (C) was conducted using two-way ANOVA tests, followed by multiple
comparisons. The four graphs depict means + standard deviation (SD) derived from at least three

independent experiments, n.s, Not significant, *, p < 0.05; **, p < 0.01; *** p < 0.0001.
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Figure 3. Metabolic-related phenotypes in the carriers of heterozygous P/LP ZMPSTE?24

variants versus non-carriers from UK Biobank
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Carriers
of a heterozygous P/LP ZMPSTE24 variant are shown in light colors, while non-carriers are
depicted in dark colors. The x-axis depicts the presence of obesity, hyperglycemia, high blood
pressure, low HDL, hypertriglyceridemia, and metabolic syndrome among non-carriers and
carriers of rare, heterozygous pathogenic ZMPSTE24 variants, with the y-axis indicating their
percentages. Colors are used to represent each condition: blue for obesity, green for hyperglycemia,
red for high blood pressure, yellow for low HDL, orange for hypertriglyceridemia, and black for
metabolic syndrome. Among the 200,550 non-carriers, 45,504 were obese, whereas among the 34
carriers, obesity was present in nine individuals. The prevalence of hyperglycemia was
significantly higher among non-carriers (36,536 cases) compared to carriers (9 cases). High blood
pressure was observed in 137,599 non-carriers versus 25 carriers. Low HDL levels were found in

35,000 non-carriers compared to seven carriers. Hypertriglyceridemia was identified in 72,408
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non-carriers versus 20 carriers overall. A total of 64,260 non-carriers exhibited the presence of
metabolic syndrome, compared to 16 carriers.

HB, High blood pressure; HG, hyperglycemia; HTG, hypertriglyceridemia; LHDL, Low HDL-
cholesterol; MS, Metabolic syndrome; OB, Obesity.

Statistical analysis (MiST method): n.s, Not significant; #, p = 0.097; *, p < 0.05
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Table 1. Clinical and biological characteristics of individuals11.13,.11.24, 111.1, 111.6 and 1V.1 from the non-consanguineous,

Wallisian family

diy wouy papeojumo(

diagnosis (years)

Patients .13 .14 .1 1.6 V.1

Sex Male Female Female Female Male

Heterozygous variant |c.1312C>T; p.(Leu438Phe) NN ¢.1312C>T; p.(Leu438Phe) €.1312C>T; p.(Leu438Phe) NN

in ZMPSTE24 K
(NM_00587.5)

Diabetes Management |Metformin, OHA, GLP1-RA OHA, GLP1-RA, Insulin |Metformin, GLP1-RA, insulin Metformin, GLP1-RA, Insulin None k
Age at diabetes 59 30 35 27 NA

features

and Heart disorders

syndrome, the coronary calcium
score indicates a low risk of
coronary artery disease, and
hepatic steatosis

cardiopathy detected
(echocardiography and
electrocardiography), and
hepatic steatosis

Current BMI 33.8 kg/m?at 68 years 32.7 kg/m2at 65 years |31 kg/m2at42 years 48.6 kg/m? at 30 years 30 kg/m? at 9 years
Current Hbalc 58.5'at 68 years 97.8 at 65 years 155.8 at42 years 111 at 30 years 37 at9 years
(mmol/L)
Current waist 112 at 68 years 111 at 65 years 115 at 40 years 125 at 30 years NA
circumference (cm)
Insulin resistance: 10.5 7.6 6.3; Acanthosis nigricans Acanthosis nigricans None
fasting insulin level K
(Normal: 3-25 pU/mL)
and clinical features
Metabolic syndrome |Presence Presence Presence Presence NA
Dyslipidemia High LDL, low HDL, normal TG |High LDL, high HDL, High TG, high LDL, normal HDL|High TG, high LDL, low HDL NA

normal TG
Relevant clinical None High blood pressure Proteinuria, sleep apnea High blood pressure, no None

oSt S HHRE0S HE 0B OPtelere b O ep elotE-eatEApEopteferties-dnostepeoe;:S

GLP1-RA, glucagon-like peptide-1 receptor receptor agonist; NA, not applicable; NN, non-carriers; OHA, oral hypoglycemic agent;

SGLT2l, sodium-glucose cotransporter 2 inhibitors; TG, triglycerides; HDL.: high-density lipoprotein-cholesterol; LDL, low-density

lipoprotein-cholesterol; HbAlc, hemoglobin Alc; NA: not applicable.
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