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Cardiometabolic diseases are among the main leading causes of morbidity and mortality over the world. The
coexistence of a bundle of metabolic risk factors in an individual has prompted Reaven to consider it as a syndrome,
called “X syndrome”. The term has later evolved and the health condition is today called “cardiometabolics syndrome”
(CMS). Significant progress in the understanding of the pathophysiology of the CMS has been made during the past
years. Being able to adequately assess cardiometabolic risk (CMR) is crucial for proper diagnosis, prevention, and
better management of CMS, as this could be helpful to slow down its progression and complications. This could also be
useful in the preclinical and clinical evaluation of potential treatment strategies. Several methods have been developed
to assess the risk of developing cardiometabolic diseases in chronic and clinical setting. However, these methods shaw
limitations when applying to short and experimental settings involving rodents. Therefore, this commentary aims at
redefining and highlighting the main risk factors to be reconsidered in cardiometabolic syndrome definition; and
proposing a comprehensive estimation method for the evaluation of the CMR in rodents. This is relevant for an
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appraopriate utilization of the term CMS and a deep evaluation of therapeutic targets in experimental settings.

1. Background

The interaction between metabolic and cardiovascular diseases
has been intensively studied both in clinical and basic research
settings since 1988. In this course, the term used to describe the
cluster of metabolic and cardiovascular diseases occurring
simultaneously in a patient has evolved. Indeed, this was first
referred to as “syndrome X" by Reaven [{]. and was subsequently
renamed to "metabolic syndrome”, as the association between
insulin resistance, dyslipidemia, high blood pressure and obesity
became more evident [2-0]. In the last decades, the term
“metabolic  syndrome” was re-adapted to “cardiometabolic
syndrome” (CMS) due to the significant contribution of metabolic
dysfunctions to the risk of developing cardiovascular diseases
(CVDs) and the similarities in their etiology and pathophysiologic
mechanisms [B-7].

Assessing the cardiometabolic risk (CMR) is crucial in determining
the risk of developing cardiovascular and other metabolic events
and to initiate appropriate treatment [8-9). Many calculator
systems have been developed for this purpose. However, they are
mostly relevant in clinical settings while having several limitations
in the context of animal experiments. as some of the parameters
cannot be measured in short-term experiments. Facing these
limitations, it is therefore necessary to develop more
comprehensive methods of CMR estimation in experimental animals
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such as rodents. Beforehand, it is important to agree on the
terminology and the key characteristics of the disease. Hence, this
commentary aims to discuss the use of the term CMS and propose
a calculation method to score the pathology status in rodents. The
ultimate objective is to establish disease states in animal models
relevant to clinical conditions, with a reconsideration of key
parameters to use when grading the pathology in experimental
settings.

2. Cardiometabolic Syndrome and Cardiometabolic Risk
Scoring

Cardiometabolic syndrome (CMS) is defined as a cluster of several
metabolic abnormalities such as insulin resistance, impaired
glucose metabolism, atherogenic dyslipidemia, high blood pressure,
and visceral obesity concurrently occurring in an individual [10].
Recent advancements in the understanding of CMS development
have |ed to the consideration of additional bio-clinical parameters
such as inflammation and microalbuminuria [l1-12], thereby,
progressively integrating renal diseases into the concept of CMS.
Clinically, CMS and metabolic syndrome are synonyms, and they
are diagnosed upon simultaneous appearance of three or more of
the following traits: high waist circumference, high triglyceridemia,
reduced HDL-cholesterol, increased blood pressure, and elevated
fasting blood sugar. Although we agree that this definition is
relevant for the metabolic syndrome. we however, have some
reserve as far as CMS is concerned. We strongly suggest
increased blood pressure and insulin resistance to be compulsory
for the definition of CMS because they could be considered as “the
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locomative” of the CMS onset and “the driver” of its complications.
Indeed, insulin resistance plays a pivotal role in the
pathophysiologic mechanisms of the metabolic dysrequlations
occurring during the development of the CMS [13), and is highly
associated to it either as a cause or a consequence [l4]). In
addition, hypertension ger seis a high-risk factor for the incidence
of insulin resistance and type 2 diabetes [1a], as well as a primary
risk factor for all other cardiovascular diseases [I6-17]. In all
cases, these two metabolic dysfunctions might therefore create
and sustain a vicious cycle that can lead to the development of the
CMS in human or in animal models [18]. Thus, considering arterial
hypertension and insulin resistance as mandatory risk factors
makes the difference between metabolic syndrome and CMS.
Nevertheless, it should be acknowledged that other disorders
associated with CMS are susceptible to occur independently of
insulin resistance and hypertension, and should therefore be
included in the CMR estimation.

Cardiometabolic risk (CMR) is another piece of the puzzle that
leads to the onset of CMS [B]. As such, CMR should be considered
as a process and CMS as a state of the disease. In this line, CMS
would be defined using the obvious incidence and potential
manifestation while CMR should be estimated or calculated.
Resides, the CMR estimation may also be useful to grade the CMS.
Therefore, in accordance with Reaven's statement (referring to
Syndrome X), we suggest that CMS should not be defined by the
presence of a specific number of related abnormalities, because
focusing only on the occurrence of limited number of risk factors
could lead to a misuse of the term, even if insulin resistance and
high blood pressure are considered. This suggestion is supported
by the fact that: i) the impact of a given parameter on the
development of CMS becomes more important as a single risk
factor is obviously present, thus, letting borderline value maore
harmful. Secondly, ii) the overlaps of a cluster of “almost normal”
risk factors in the same patient can be a favorable ground for the
development of the complications of cardiometabolic diseases.
increasing the risk of morbidity and mortality. Therefore, an
adequate estimation of the CMR should integrate as many CMS risk
factors as possible. The accurate assessment of the CMR will be
necessary for the early diagnosis, prevention, and better
management of CMS in order to prevent its progression and
complications; and would be useful for the development and
discovery of new potential targets inexperimental settings.

3. Existing cardiometabolic risk scoring systems
In the last decade, many calculator systems have been developed
to assess the CMR, among which:

e  The Framingham risk score (FRS). a gender-specific
algorithm estimating the |0-year cardiovascular risk of an
individual [19].

e The Metabolic Syndrome Severity Score (MetSSS)
gutomatically quantifies and compares the cumulative amount of
risk derived from the presence of risk factors responsible for
metabolic syndrome [20).

e  The Continuous Metabolic Syndrome Score calculated
using individual measures corrected to the accepted international

standards (siMSS) that allow the estimation of individual CMR, even
when the reference data for a population is not available [21].

e  The Psychosis Metabolic Risk Calculator (PsyMetRiC), an

age-appropriate algorithm used to predict the risk of incident
metabolic syndrome in young people with psychasis [22].
These existing calculator systems demonstrate that CMR
estimation has been thoroughly examined and improved aver time,
aiming as much as possible to integrate various key parameters or
to target the worrying aspects of CMS. However, as mentioned
above, they are only applied clinically. Moreover, some of the
parameters included in these calculator systems cannot be
measured in animal models or during short-term experiments.

4. Estimation of the risk of cardiometabolic disease
development in rodents

We have now developed a comprehensive calculation method for
the assessment of CMR experimentally in rodents. This method
relies on the fundamental pillars of the CMS that can be evaluated
using the following parameters in animal models: dyslipidemia
(triglycerides (TG) and high-density lipoprotein-chalesteral (HDL-
C)). hypertension (systolic blood pressure (SBP) and diastolic
blood pressure (DBP)). glucose metabalism disorder (fasting
plasma glucose (FPG) and insulin resistance (IR)). obesity
(adiposity index (Al)). and age (in months). The selection of these
parameters is based on criteria set by international organizations
such as the International Diabetes Federation (IDF) [23], National
Cholesterol Education Program  Adult Treatment Panel |l
(NCEP/ATP Ill) [24]. National Institutes of Health National Heart,
Lung, and Blood Institute (NHLBI)/ American Heart Association
(AHA) [25] and the World Health Organization (WHO) [2E]. as well
as the state of the art in the pathophysiology of the CMS.

Insulin sensitivity/resistance can be evaluated either by direct
testing /77 viva (using methods like the hyperinsulinemic-euglycemic
glucose clamp, the insulin tolerance test (ITT), insulin suppression
test) or by using surrogate indexes (such as the Homeostasis
Model Assessment (HOMA) or the Quantitative Insulin Sensitivity
Check Index (QUICKI)) [27-28]. The two main methods of assessing
insulin resistance chosen for this CMR score formula are the
HOMA-IR index and the [TT. The ITT has the advantage of being
feasible in an environment where the assessment of insulin is
challenging.

Taken together, we propose the following formula as calculator
equation for the estimation of the CMR score in rodents:

R-CMRS = (TG=SBPxDBPxFPGxAl=IR=Age) /(HDL-C x 1000)
R-CMRS:  Rodents-LardioMetabolic  Fisk Score (Arbitrary  Unit) TG
Triacylglycerol (3/1) SBP- Systolic Blood Pressure (mHy), DBP- Diastolic
Blood Pressure (mHy), FPG:- Fasting Flasma Glucose (g/1) Al Adjposity
Index  (Arbitrary  Umit) IR- Insulin Resistance (estimated by the
measurement of HOMA-IR- Homeostasis Mode! Assessment of Insulin
Resistance (Arbitrary Unit) or ITT: Insulin Tolerance Test expressed as
A value) HOL-C- High-Density Ljpoprotein-Lholesteral (3/1) Age
(Manths)

Considering CMS criteria established by the above-mentioned
international organizations, CMS risk factors can be summarized
with their respective ranges as follow:
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- Dyslipidemia: TG: 2 150 mg/dI, HDL-C: < 35-40 mg/dI,

- Hypertension: SBP: > 130 mmHg, DBP: > BammHg,

- Dbesity or Adiposity Index (Al) in rodents: 4.36 (4.17-4.33) for
lean, 0.96 (5.69-6.28) for overweight and 8.78 (7.03-10.02) for
obese animals [239].

Dysglycemia (or high fasting glucose level): FPG: 2100 mg/d.
Insulln Resistance: HOMA-IR (ranging between 0.7 and 2.0 with
values between [0.5-14 considered as healthy (optimal), 1.5-19 as
early insulin resistance and values > 7 as significant insulin
resistance; adapted from Matthew et al., 1985 [30]) or ITT (with a
Kirr values > 2.0% per minute considered as normo-sensitive and
values <1.a% per minute considered as abnormal) (27, 31-32).
From the proposed Rodents-CardioMetabalic Risk Score (R-CMRS),
we further suggest a scale range estimated from the previous CMS
established risk factors values, which could be used as a R-CMRS
severity classification (Table ).

Table I: Classification of the R-CMRS according to the severity

Risk level R-CMRS range

Low (Normal) <01

Intermediated (Moderate) 0.1-0.35

High (Severe) 0.35-

Very High (Highly Severe) 2|
Conclusion

Cardiometabolic syndrome (CMS) is a damaging health threat. and
its main leading risk factors include insulin resistance and high
blood pressure among others. The proposed R-CMRS and the
associated severity classification range are therefore, not only
useful for a suitable evaluation of the severity of experimentally
induced CMS model in rodents but also to investigate the
therapeutic activity of potential drugs or molecules to mitigate the
development and progression of this condition.
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