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. Family with sequence similarity
19 member A5 (FAM19A5) was initially
proposed as an adipokine with anti-
atherogenic effects, butrecent studies show
minimal adipose expression and suggest it
increases in response to vascular stress.

. Lipid-based indices such as low-density
lipoprotein/apolipoprotein B (LDL/ApoB)
ratio and Castelli indices are established
predictors of atherogenic risk, yet their
correlation with FAM19A5 remains unclear.

. This study is the first to demonstrate
a strong positive correlation between
circulating FAM19A5 and LDL/ApoB ratio
in diet-induced obese rats, indicating a link
to ApoB-related atherogenesis.

. Findings support emerging evidence
that FAM19A5 is not a protective adipokine
but a potential reactive marker of vascular
stress and early atherogenic remodeling.

Abstract |
Background: Family with sequence similarity 19, member
A5 (FAMI9AS5) is a secreted protein initially proposed as
an adipokine with anti-inflammatory and anti-atherogenic
properties. However, recent evidence has challenged this
view by demonstrating minimal adipose expression and
suggesting that circulating FAM19AS5 may instead increase
in response to vascular stress and atherogenic progression. To
clarify its relevance in obesity-related dyslipidemia, this study
examined the association between circulating FAM19AS5 and
established lipid-based atherogenic indices in a diet-induced
obesity model.

Methods: This in vivo correlational study involved 14 male
Sprague—Dawley rats (n=7 per group) conducted in Padang,
Indonesia, in 2024. Rats were assigned to a control group
(American Institute of Nutrition-93 diet) or an obesity group
(high-fat and high-fructose diet) for 12 weeks. Serum FAM19A5
levels were measured by ELISA. Derived indices included the
LDL/ApoB ratio, Castelli Risk Index I and II, and the HDL-
based atherogenic index. Spearman’s correlation analysis was
used to assess the correlation (P<0.05), and all analyses were
performed using SPSS version 25 (IBM Corp., USA).

Results: FAMI9AS5 showed a strong positive correlation with
the LDL/ApoB ratio (r=0.734, P<0.050), indicating that higher
FAMI9AS levels coincide with more atherogenic ApoB-
containing lipoprotein patterns. Correlations with Castelli
Risk Index I (r=0.127, P>0.05), Castelli Risk Index II (r=0.369,
P=0.195), and the HDL-based atherogenic index (r=0.127,
P=0.666) were weak and not statistically significant.
Conclusion: Elevated circulating FAMI9AS5 may serve as a
potential biomarker reflecting ApoB-related lipid alterations
during obesity progression.

Please cite this article as: Efrida E, Adelin P, Elfi EF, Yaswir R. Circulating Family
with Sequence Similarity 19, Member A5 as a Potential Indicator of Atherogenic
Risk: Correlations with Low-Density Lipoprotein/Apolipoprotein B Ratio,
Atherogenic Index, and Castelli Indices in Diet-Induced Obesity. Iran J Med Sci.
doi: 10.30476/ijms.2026.109872.4530.

Keywords e Apolipoproteins B e Atherosclerosis e Dyslipidemia
e Family with sequence similarity 19 member A5 (FAM19A5) e
Obesity

Copyright: ©Iranian Journal of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NoDerivatives 4.0 International License. This license allows reusers to copy and distribute the material in any medium or
format in unadapted form only, and only so long as attribution is given to the creator. The license allows for commercial use.


https://orcid.org/0000-0002-6897-7921

Introduction

Obesity is a chronic metabolic disorder
characterized by excessive accumulation
of adipose tissue, leading to systemic
dysregulation of lipid and inflammatory
pathways. This condition is closely associated
with insulin resistance, oxidative stress, and
endothelial dysfunction, all of which contribute
to the early stages of atherosclerosis. In both
human and experimental models, obesity
induces an imbalance in lipid metabolism that
is characterized by elevated total cholesterol,
triglycerides, and low-density lipoprotein (LDL)
levels, along with decreased high-density
lipoprotein (HDL), thereby promoting lipid
deposition within arterial walls. Over time, these
changes initiate vascular inflammation, smooth
muscle proliferation, and plaque formation,
thereby  forming the  pathophysiological
continuum between metabolic syndrome and
cardiovascular disease." 2

In experimental studies, high-fat and high-
cholesterol diets have been widely used to
model these pathophysiological mechanisms
in Rattus norvegicus. Kelle and colleagues
demonstrated that lipid-rich diets significantly
increase total cholesterol and LDL-C levels while
reducing HDL-C, resulting in a marked rise in the
atherogenic index.®* The atherogenic index and
related lipid ratios, such as the Castelli Risk Index
| (total cholesterol/HDL), Castelli Risk Index I
(LDL/HDL), and LDL/ApoB ratio, are widely used
as reliable indicators of the balance between
atherogenic and anti-atherogenic lipoproteins.
These indices are widely recognized as simple
yet powerful predictors of cardiovascular risk,
both in human populations and in diet-induced
obese animal models.* 5

Among these, the LDL/ApoB ratio reflects
the amount of cholesterol carried per ApoB-
containing lipoprotein particle, reflecting LDL
particle size and atherogenicity. A lower LDL/
ApoB ratio indicates a predominance of small,
dense LDL particles that are more susceptible to
oxidation and uptake by macrophages, leading
to foam cell formation and plaque progression.
Conversely, higher LDL/ApoB ratios generally
suggest larger, less atherogenic LDL particles.
However, the exact pattern may vary depending
on metabolic status and adipokine balance,
warranting deeper exploration in the context of
obesity-associated atherogenesis.®-°

Adipokines play a central role in linking
adipose tissue dysfunction to vascular pathology.
Adiponectin, one of the best-characterized
adipokines, exhibits anti-inflammatory and anti-
atherogenic effects. In human studies, Efrida and
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colleagues found that adiponectin levels were
negatively correlated with Castelli Risk Index
Il (r=—0.502; P<0.001) among individuals with
vitamin D deficiency and elevated cardiovascular
risk, emphasizing the significance of lipid ratios
as markers of plasma atherogenicity.> However,
not all adipokines share this protective function.
FAM19A5, once proposed as an adipocyte-
derived protective factor, has recently been
reclassified as a neurokine rather than a true
adipokine.'o-13

Kwak and colleagues provided compelling
evidence that FAM19A5 expression in adipose
tissue is negligible and that its protein levels
are below detectable limits, in contrast to high
expression in the central nervous system.
Moreover, FAM19A5 does not interact with
sphingosine-1-phosphate receptor 2 (S1PR2)
and therefore lacks the vascular signaling
activity previously attributed to it. These findings
suggest that circulating FAM19A5 may reflect
vascular injury or metabolic stress rather than
adipose-derived protection. In this regard, its
correlation with atherogenic indices could reveal
whether FAM19A5 is associated with vascular
injury as a compensatory response or with
atherogenic progression.'0-12. 14. 15

Therefore, this study aimed to investigate the
correlation between circulating FAM19A5 levels
and lipid-based atherogenic indices, including
LDL/ApoBratio, CastelliRisk Index I, Castelli Risk
Index I, and HDL-based atherogenic index in a
diet-induced obese rat model. We hypothesized
that circulating FAM19A5 levels would show a
positive correlation with atherogenic indices,
suggesting that FAM19A5 may reflect obesity-
associated atherosclerosis changes rather than
exerting a protective adipokine function.

To date, the biological role of FAM19A5
in metabolic and vascular disorders remains
controversial. While an earlier study proposed
FAM19A5 as a protective adipokine, recent
evidence suggests a more complex role related
to vascular stress responses."" The present
study provides novel insight by demonstrating
a significant association between circulating
FAM19A5 and the LDL/ApoB ratio, a marker of
ApoB-containing lipoprotein remodeling, in a
diet-induced obesity model. Thisfinding suggests
that FAM19A5 reflects early atherogenic lipid
alterations rather than exerting direct protective
metabolic effects.

Materials and Methods

Research Design and Experimental Animals
The study was conducted in 2024 at the
Laboratory of Universitas Baiturrahmah and
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Universitas Andalas, located in Padang,
Indonesia. This research was conducted as an
in vivo experimental study using a post-test-only
control group design. A total of fourteen male
Rattus norvegicus (Sprague—Dawley strain)
were randomly assigned to two groups (n=7 per
group): a control group receiving the standard
AIN-93 diet, and an obesity model group
receiving a high-fat and high-fructose (HFHF)
diet for twelve weeks (figure 1).

Fourteen male Sprague Dawley rats were
randomly assigned to a control group receiving
an AIN-93 diet and an obese group receiving
an HFHF diet for 12 weeks. Body weight was
measured weekly, followed by euthanasia,
sample collection, and biochemical analyses.
The HFHF diet was formulated as a modification
of the Western diet by supplementing with
solid fructose (100 g/Kg) and trans-fat (200 g/
Kg), according to the composition described
by Ble-Castillo and colleagues. The Western
diet is known to accelerate the development
of atherosclerosis in rodents, as it mimics the
typical dietary pattern of Western populations,

consisting of approximately 21% fat and 0.15%
cholesterol.'® 17 High-fat diets (HFDs), including
the Western diet, have been extensively
reported to induce obesity in Sprague—Dawley
rats in numerous studies.’® ' The control group
in this study was maintained on the standard
AIN-93 diet. Proximate analysis of the HFHF
diet showed a crude fat content of 10.42%,
compared to 2.13% in the AIN-93 control diet.
The composition of the diets provided to the
control and obesity model groups is presented
in table 1.

All rats were acclimatized for one week
before the intervention. The control group
received the AIN-93 diet for twelve weeks, while
the obesity model group was fed the HFHF
diet for the same duration to induce obesity.
Body weight was recorded weekly throughout
the study period. Obesity status was assessed
using the Lee index, calculated as the cube root
of body weight (g) divided by the naso—anal
length (mm). Rats with a Lee index value greater
than 300 were classified as obese, as previously
validated in experimental rodent models.?°

14 Male Sprague Dawley

1

AIN-93 diet
12 weeks

High-Fat and high-fructose diet
12 weeks

Control group
(0=7)

Obese group
(=7)

4

Weekly body weight measurement

!

Euthanasia

i

Sample collection

1

Biochemical analyses
* Lee index
» Lipid profile
* Apolipoprotein B
* FAM19AS

1

Statistical analysis

Figure 1: A schematic diagram illustrating the experimental study design is presented. AIN-93: American Institute of Nutrition-93;

FAM19A5: Family with sequence similarity 19 member A5
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Table 1: Composition of experimental animal diet ingredients

Ingredients AIN-93 diet HFHF diet
1 Kg 1 Kg
Cornstarch 619.4 419.4
Casein 140 140
Sucrose 100 -
Corn oil 40 40
Alpha cellulose 50 50
Mineral mix 35 35
Vitamin mix 10 10
DL-methionine 3 3
Choline chloride 2,5 2,5
Fructose - 100
Trans oil - 200

AIN-93: American institute of nutrition-93; HFHF: High-fat and high-fructose

At the end of the twelfth week, rats were euthanized
under anesthesia. Initial anesthesia was induced
usinginhalational ether, followed by deep anesthesia
with ketamine (75-100 mg/Kg, intraperitoneally).
Death was confirmed prior to tissue collection. All
procedures were performed in accordance with
institutional guidelines and international standards
for the care and use of laboratory animals.

Ethical Statement

Allexperimental procedures involving animals
were reviewed and approved by the Research
Ethics Committee of the Faculty of Medicine,
Universitas Andalas, Indonesia (Approval No:
435/UN.16.2/KEP-FK/2024), dated August
14, 2024. The procedures were conducted in
accordance with institutional guidelines and
international standards for the care and use of
laboratory animals.?’

Biochemical Analysis

Blood samples were collected via cardiac
puncture, allowed to clot, and centrifuged at
3000 rpm for 10 minutes to obtain serum. Serum
levels of total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C)
were analyzed using enzymatic colorimetric
methods  (DiaSys® Diagnostics, Germany).
Apolipoprotein B (ApoB) was quantified using a rat-
specific ELISA kit (MyBioSource®, USA). Circulating
FAM19A5 concentrations were determined using
a rat FAM19A5 ELISA kit (BT Lab E3485Ra,
China), following the manufacturer’s instructions.
All assays were performed in duplicate, and mean
values were used for statistical analysis.

Calculation of Atherogenic Indices

Derived atherogenic indices were calculated
using the following formulas:
« Castelli Risk Index | (CRI-I)=Total cholesterol/
HDL-C
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* Castelli Risk Index Il (CRI-II)=LDL-C / HDL-C

* LDL/ApoB ratio=LDL-C (mg/dL)/ApoB (mg/dL)
» HDL-based atherogenic index=(Total cholesterol
-HDL)/HDL

Statistical Analysis

Statistical analyses were performed using
IBM SPSS Statistics (version 25, IBM Corp.,
USA), with a significance level set at P<0.05.
Data were expressed as meantSD. Normality
was evaluated using the Shapiro—Wilk test.
Intergroup comparisons were performed using
the independent t test for normally distributed
variables or the Mann-Whitney U test for non-
parametric data. Spearman’s correlation analysis
was used to assess the correlation between
circulating FAM19A5 and each atherogenic
index (LDL/ApoB ratio, CRI-I, CRI-Il, HDL-
based atherogenic index).

All seven rats in the HFHF group showed
significant weight gain compared to the control
group after 12 weeks of treatment. The Lee index
value of all rats in the obesity group was above
300, indicating a morphometric obesity status.
No deaths or treatment-related complications
were found during the period of dietary induction.
Comparative analysis between the control and
obesity groups is presented in table 2.

Initial and final body weights were significantly
higherin the obese group compared with controls
(table 2). Table 2 summarizes the comparison of
serum FAM19A5, lipid parameters, and derived
atherogenic indices between control and obese
rats. The mean serum FAM19A5 level was
slightly higher in the obese group than in the
control group; however, this difference was not
statistically significant. Similarly, no significant
differences were observed in serum ApoB
levels or the LDL/ApoB ratio between groups.
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Table 2: Sample characteristics of the control and model obese rat groups

Variable Control Obese P value
Initial body weight (g) 221.57+23.11 261.71£12.98 0.007
Final body weight (g) 249.29+12.46 299.14+17.66 0.002
FAM19A5 (ng/mL) 0.94+0.11 1.00£0.25 0.574
ApoB (mg/dL) 22.53+1.64 22.09+4 .11 0.814
LDL/ApoB ratio 3.10+£0.28 2.95+0.77 0.669
Castelli Risk Index | 1.30+0.10 1.94+0.13 <0.001
Castelli Risk Index Il 0.85+0.13 1.21+0.08 <0.001
HDL-based atherogenic index 0.29+0.11 0.93+0.14 <0.001

Data are presented as meant+SD. Comparisons between groups were performed using the independent samples t test or
Mann-Whitney U test as appropriate. A P value <0.05 was considered statistically significant. LDL: Low-density lipoprotein;
HDL: High-density lipoprotein; ApoB: Apolipoprotein B; FAM19A5: Family with sequence similarity 19 member A5

Table 3: Correlation between FAM19A5 and atherogenic lipid indices

Correlation r (Spearman) P value
FAM19A5 with LDL/ApoB ratio 0.734 0.025
FAM19A5 with CRI | 0.127 0.666
FAM19A5 with CRI II 0.369 0.195
FAM19A5 with HDL-based Atherogenic Index 0.127 0.666

Spearman’s rank correlation test was used. Statistical significance was set at P<0.05. LDL: Low-density lipoprotein; HDL:
High-density lipoprotein; ApoB: Apolipoprotein B; FAM19A5: Family with sequence similarity 19 member A5; CRI: Castelli

Risk Index

In contrast, lipid-derived risk indices exhibited
marked alterations. The obese group showed
significantly higher Castelli Risk Index |
(1.94+0.13 vs. 1.30+0.10; P<0.001) and Castelli
Risk Index Il (1.21£0.08 vs. 0.85+0.13; P<0.001)
compared with controls. Likewise, the HDL-
based atherogenic index increased significantly
in the obese group (P<0.001). These findings
suggest an overall shift toward an atherogenic
lipid profile in the HFHF-fed rats, despite the
absence of significant changes in ApoB or
FAM19A5 concentrations.

Spearman correlation analysis showed

FAM (ng)

®  [=0377022%

a strong and significant positive correlation
between circulating FAM19A5 levels and the
LDL/ApoBratio. In contrast, correlations between
FAM19A5 and other atherogenic indices such as
Castelli Risk Index |, Castelli Risk Index I, and
HDL-based Atherogenic Index were weak and
statistically non-significant (Table 3).

A significant positive correlation was
observed between circulating FAM19A5 levels
and the LDL/ApoB ratio, indicating that higher
FAM19A5 concentrations were associated
with higher LDL/ApoB ratio. The scatter plot
demonstrated this positive correlation (figure 2).

R? Linear = 0539

200 250 3.00

350 4.00 450

RAsio_LDL_ApoB

Figure 2: The correlation between circulating FAM19A5 and LDL/ApoB ratio is shown. FAM19A5: Family with sequence]

similarity 19 member A5; LDL: Low density lipoprotein; ApoB: Apolipoprotein B
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The present study successfully established
a rat model of obesity through 12 weeks of
an HFHF diet. All animals in the HFHF group
achieved a Lee index above 300, confirming
the presence of morphometric obesity. This
finding is consistent with previous studies
reporting that a combination of fat and fructose
supplementation effectively induces obesity and
metabolic alterations resembling features of
human metabolic syndrome.” The absence of
mortality or complications during the induction
period also indicates that the HFHF protocol
used was well tolerated and suitable for long-
term metabolic studies.

The significant increase in body weight and
Lee index in the obese group demonstrates that
the dietary intervention successfully promoted
adiposity. Chronic exposure to high-fat and
fructose intake leads to excessive caloric intake,
insulin resistance, and lipid dysregulation. These
changes trigger increased hepatic lipogenesis
and accumulation of triglycerides, resulting in
higher atherogenic lipid fractions. Consistent with
this, the present study found marked elevations in
Castelli Risk Index |, Castelli Risk Index Il, and the
HDL-based atherogenic index, all of which reflect
an imbalance in lipid metabolism and an increased
cardiovascular risk profile in obese rats.

Interestingly, while atherogenic indices
were significantly elevated, serum ApoB and
FAM19A5 levels did not differ significantly
between groups. This suggests that in the early
phase of diet-induced obesity, structural and
functional alterations in lipid metabolism may
precede measurable increases in circulating
ApoB or FAM19A5. ApoB concentration mainly
reflects the number of atherogenic lipoprotein
particles, and prolonged dyslipidemia is usually
required to elicit substantial changes.” & 2?2 The
modest but non-significant rise in FAM19A5
concentration in obese rats may represent an
early adaptive metabolic response rather than a
direct indicator of adiposity.

Collectively, these findings suggest that a
12-week HFHF regimen is sufficient to induce
morphometric and biochemical features of
obesity, including a significant shift toward an
atherogenic lipid profile. This supports previous
reports that the HFHF diet mimics the human
Western dietary pattern and promotes early
features of vascular risk without the need for
chemical inducers. The model is therefore
appropriate for further exploration of molecular
mediators such as FAM19A5 in obesity-related
vascular dysfunction.

The correlation analysis in this study revealed
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a strong positive association between circulating
FAM19A5 levels and the LDL/ApoB ratio. From
a mechanistic perspective, this finding suggests
that circulating FAM19A5 may be associated
with lipoprotein particle remodeling rather than
absolute lipid concentration. The LDL/ApoB ratio
reflects changes in ApoB-containing lipoprotein
characteristics, particularly the transition toward
smaller, denser LDL particles, which are generally
considered to possess greater atherogenic
potential and enhanced arterial wall penetration.

Importantly, the observed association
indicates that increased circulating FAM19A5
may arise in parallel with early structural
alterations of atherogenic lipoproteins, rather
than functioning as a protective adipokine. This
interpretation is supported by the absence of
significant differences in ApoB concentration
between groups, suggesting that qualitative
changes in lipoprotein particles precede
quantitative increases in ApoB during early diet-
induced obesity.

Previous reports have described FAM19A5
as a neurokine-like protein expressed in the brain
and vascular smooth muscle, with proposed
anti-proliferative and anti-inflammatory roles." '°
However, more recent evidence has shifted this
paradigm. Kwak and colleagues demonstrated
that FAM19A5 expression did not confer vascular
protection but was instead elevated in response
to dyslipidemia and vascular inflammation.”
The present findings are consistent with those
observations, as the positive FAM19A5-LDL/
ApoB correlation supports the hypothesis that
FAM19A5 is a marker of atherogenic progression
rather than an adipokine with atheroprotective
activity.

A plausible biological mechanism underlying
this correlation involves lipid-induced oxidative
stress and inflammatory signaling within the
vascular wall, which may trigger compensatory
upregulation of FAM19A5 in non-adipose tissues
such as vascular smooth muscle or endothelial
cells. This notion is further strengthened by
the absence of detectable FAM19A5 mRNA
expression in adipose tissue in the present
model, indicating that circulating FAM19A5 is
unlikely to function as a classical adipokine.??

In contrast, no significant correlations
were observed between FAM19A5 and other
atherogenic indices such as Castelli Risk Index |,
CastelliRisk Index|l, orthe HDL-based atherogenic
index (P>0.05). This pattern reinforces the notion
that FAM19A5 is more specifically associated with
ApoB-containing lipoprotein metabolism rather
than overall cholesterol or HDL balance. Together,
these findings suggest that FAM19A5 may behave
as a vascular stress-associated molecule, whose
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elevation parallels the progression of atherogenic
lipid changes induced by HFHF diet-related
obesity.

Taken together, these findings suggest that
circulating FAM19A5 may act as a vascular
stress-associated biomarker, reflecting early
atherogenic lipid remodeling in obesity rather
than exerting direct metabolic or anti-atherogenic
effects. This interpretation aligns with recent
literature and highlights the importance of
considering FAM19A5 within the context of ApoB-
driven atherogenesis and vascular adaptation
in diet-induced obesity models. It aligns with
the recent evidence by Kwak and colleagues
(2024), which demonstrated that FAM19A5
expression increases under dyslipidemic and
proinflammatory conditions but does not prevent
vascular injury.'

The results of this study, therefore, support
the emerging hypothesis that FAM19A5 may
not function primarily as an anti-atherogenic
factor but rather as a reactive molecule
upregulated in response to lipid-induced
endothelial stress. The observed pattern
supports the notion that early vascular
dysfunction in obesity involves both metabolic
and paracrine signaling components beyond
traditional adipokines. Further studies are
warranted to explore the cellular source
of FAM19A5 and its downstream signaling
pathways in vascular tissues, particularly
in relation to ApoB-containing lipoproteins,
oxidative stress markers, and inflammatory
mediators such as TNF-a and IL-6. Although
direct clinical application of FAM19A5 cannot
be inferred from this study, the findings have
potential translational relevance by highlighting
FAM19A5 as a potential indicator of early
vascular stress and lipoprotein remodeling.
Understanding this pathway may contribute to
future clinical studies exploring biomarkers of
obesity-related atherogenic risk.

Several limitations of this study should be
acknowledged. The relatively small sample size
(n=7 per group) may limit the statistical power
and generalizability of the results, and the
correlational nature of the analysis precludes
causal inference between circulating FAM19A5
levels and ApoB-related lipid parameters.
Furthermore, the molecular mechanisms and
inflammatory pathways underlying the observed
associations were not directly investigated.
Therefore, future studies with larger sample
sizes and mechanistic approaches, including
the assessment of inflammatory and vascular
markers, are warranted to further clarify the role
of FAM19A5 in obesity-related dyslipidemia and
atherosclerosis.

Conclusion

A 12-week HFHF diet successfully induced
morphometric and biochemical features of
obesity, accompanied by a marked shift toward an
atherogeniclipid profile. Although serum FAM19A5
levels did not differ significantly between groups, a
strong positive correlation was observed between
FAM19A5 and the LDL/ApoB ratio, indicating that
higher FAM19A5 concentrations reflect increased
atherogenic particle burden. These findings
suggest that FAM19AS5 may act not as a protective
adipokine but as a potential biomarker of vascular
stress and lipid remodeling in obesity-induced
dyslipidemia. Further investigation into the tissue
origin and molecular pathways of FAM19A5 may
clarify its role in the pathogenesis of obesity-
related atherosclerosis.
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