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ABSTRACT

Background: Metabolic syndrome (MS) is a clustering of metabolic risk factors namely
abdominal obesity, hypertension, hyperglycemia, high serum triglyceride levels and low
serum HDL. Procalcitonin is a polypeptide precursor of hormone calcitonin that is released
in response to systemic inflammation not only by neuroendocrine cells of the lungs, intestine,
and thyroid (C cells), but also by adipose tissue. Therefore, plasma procalcitonin can serve as
a potential biomarker for detection of obesity related low-grade inflammation even in the

very early stages, thereby increasing the sensitivity and specificity.

Methodology: Patients admitted with diagnosis of metabolic syndrome at RL Jalappa
Hospital and Research Centre, Kolar will be selected and results of waist circumference, SBP,
DBP, TG, cholesterol, HDL, LDL, VLDL, FBS, Plasma procalcitonin will be correlated in

two different groups separately.

Results: Mean Procalcitonin level in the case group was seen to be 1.806+1.236 ng/dl and
among the controls was seen to be 0.163+0.1613 ng/dl. This difference in the Procalcitonin
level was statistically significant (p < .001). We also found that the Procalcitonin levels had
significant association with Waist circumference, Triglycrides, HDL & FBS values with a p
value < .001. Area under the ROC for Procalcitonin as a diagnostic test was found to be 0.942
which indicates that it has an excellent prediction value (p< .001). At 0.013 cut off value, we

found that Procalcitonin has a sensitivity of 97% and a specificity of 87.9%.

Conclusion: Metabolic Syndrome, reflecting the underlying inflammatory state associated

with the condition. While current evidence suggests a positive correlation between elevated

PCT levels and MetS, integrating PCT into the diagnostic framework for MetS could improve

early detection, risk stratification, and monitoring of treatment efficacy, ultimately enhancing

R | p
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patient outcomes. However, practical challenges related to specificity, standardization, cost,

and clinical integration must be addressed to realize its full potential.

Keywords: Metabolic Syndrome, Procalcitonin, Hyperglycaemia
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INTRODUCTION

A group of metabolic diseases known as the Metabolic Syndrome increase the risk of
cardiovascular disease events and promote the development of atherosclerosis.! Other names
for metabolic syndrome include the deadly quartet, syndrome X and insulin resistance
syndrome.Metabolic syndrome is linked to numerous other systemic illnesses, including fatty
liver disease and chronic lung disease, in addition to type 2 DM and cardiovascular disease.’

Globally, The metabolic syndrome was not always prevalent but is becoming more
common and it is turning into a serious public health issue’. Numerous research
investigations have demonstrated that the frequency of Metabolic Syndrome rises with age,
necessitating its diagnosis because of a 2.5-fold rise in cardiovascular mortality and a 5-fold
increased risk of acquiring diabetes®.In a research by Kuk JL’, 55.0% of the subjects who
were elderly (over 65) had metabolic syndrome. According to WHO and NCEP °, In an
elderly population, the prevalence of metabolic syndrome varied from 11% to 43% (median
21%) and from 23% to 55% (median 31%), respectively.

Adipocytes that are viscerally obese emit proinflammatory cytokines, which results in
a continuous low-grade inflammatory state. The biology of metastatic stress syndrome
(MetS) is complex and yet poorly understood.”® Proinflammatory adipokines include resistin;
tumour necrosis factor (TNF); interleukin (IL)-1; IL-6; lipocalin-2; monocyte
chemoattractant protein-1 (MCP-1); and plasminogen activator inhibitor-1 (PAI-1). These
adipokines work together to mediate effects that include promoting insulin resistance, which
raises glucose and free fatty acid levels.” In the context of MetS, an imbalance between pro-
and anti-inflammatory adipokines increases inflammation, endothelial dysfunction and
oxidative stress."

In healthy people, the thyroid and adipose tissue create procalcitonin (PCT), a 116-

amino acid peptide that is a precursor to calcitonin. It is broken down to create calcitonin,
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which is then regulated in storage and secretion to lower serum calcium levels and preserve
calcium homeostasis.!" Less than 0.1 ng/mL is the typical PCT serum result. In critical
illness, procalcitonin may have a negative effect on the host's response to inflammation.
Assicot et al. were the first to report finding it in higher concentrations in patients suffering
from systemic illnesses.""

It has been demonstrated that procalcitonin increases the inflammatory response and
promotes the expression of CD14 on lymphocytes and CD16 on human neutrophils' surfaces
1213 procalcitonin exposure has been shown in experiments to affect hepatocyte function and
the function of the endothelium barrier '*'> Additionally, procalcitonin is shown in
experimental models of sepsis to exacerbate the severity and course of the illness te.

Although studies on the correlation between procalcitonin and metabolic syndrome
are still in progress, procalcitonin levels may be higher in those who have the condition
(Ormsbee et al., 2014). Because of the continuous low-grade inflammation linked to
metabolic syndrome, high levels of procalcitonin may be a sign of infection or inflammation,
both of which are frequently seen in patients with the illness. According to this association,
procalcitonin may be used as a potential biomarker for metabolic syndrome monitoring and

diagnosis, as well as for identifying those who are more likely to develop type 2 diabetes and

cardiovascular disease (Eisenman, 2006).
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AIMS & OBJECTIVES ‘



AIMS AND OBJECTIVES
AIM

To determine procalcitonin as an additional marker for the diagnosis of metabolic syndrome.

OBJECTIVES

1. Determine procalcitonin levels in patients with metabolic syndrome.

2. Determine procalcitonin levels in normal.

3. Compare procalcitonin levels in two groups

Page 3
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REVIEW OF LITERATURE

METABOLIC SYNDROME - AN OVERVIEW:

Urbanization, increased calorie intake, rising obesity rates, and sedentary lifestyles
are the main causes of the metabolic syndrome (MetS), which is a major and expanding
global public health and clinical concern. MetS raises the risk of cardiovascular disease
(CVD) by two times and type 2 diabetes mellitus (T2DM) by five times over the next five to
ten yearsm. Furthermore, patients with the MetS had a 2- to 4-fold increased risk of stroke, a
3- to 4-fold increased risk of myocardial infarction (MI), and a 2-fold increased likelihood of
dying from such an event compared to those without the syndrome 17. For a version of MetS
with the WHO International Classification of Disease (ICD-9) code (277.7), reimbursement
for medical services is permitted. This demonstrates how the phrase "metabolic syndrome"
has become established and included in medical jargon. MetS is regarded as a primary risk
factor for problems related to atherothrombosis. For this reason, its existence or lack should

be regarded as a long-term risk indication.
HISTORY OF METABOLIC SYNDROME:

Originally, MetS was not a diagnosis, but rather a concept '°. The Swedish physician
Kylin established the link between hypertension, hyperglycemia, and gout in 1920, which is
when the metabolic syndrome first emerged '*- After Reaven20's 1988 Banting Lecture, the
field made considerable progress. The phrase "Syndrome X" was created by him to describe
"a cluster of risk factors for diabetes and cardiovascular disease." His introduction of the idea
of insulin resistance was his principal contribution. Surprisingly, he neglected to include
visceral obesity in the definition, which was subsequently added as a critical anomaly.

Kaplan ?' coined the term "The Deadly Quartet" in 1989 to describe the syndrome including
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upper body obesity, glucose intolerance, hypertriglyceridemia, and hypertension. But in
1992, the name was changed to "The Insulin Resistance Syndrome" .. A number of
organizations have made an effort to create diagnostic standards for the MetS ** In 1998, a
World Health Organization (WHO) diabetic group made an initial attempt to define the MetS
% In response, the European Group for the Research of Insulin Resistance (EGIR) revised
the WHO criteria in 1999. The National Cholesterol Education Program Adult Treatment
Panel (NCEP/ATP) released definition *® in 2001. The definition of the syndrome was then
discussed and comments were expressed by the American Association of Clinical
Endocrinologists (AACE) in 2003 ?’. A single, unified definition was deemed desirable due
to the abundance of definitions ** In an effort to do this, the International Diabetes Federation

(IDF) suggested a revised definition of the MetS in April 2005.. 29
Definition

The metabolic syndrome (MetS) is a group of interconnected physiological,
biochemical, clinical, and metabolic factors that directly increase the risk of T2DM,

30-31 This group of

atherosclerotic cardiovascular disease (ASCVD) and all-cause mortality.
aberrant lab test results and unhealthy body measures includes glucose intolerance,

hypertension, and atherogenic dyslipidemia.

World Health Organization (WHO) diabetes team made the initial attempt to define
the metabolic syndrome in 1998 **. According to the World Health Organization's criteria,
individuals must either have type 2 diabetes, be insulin resistant as defined by the euglycemic
clamp technique, or have impaired glucose tolerance (IGT), as assessed by an oral glucose
tolerance test. The WHO definition's applicability is limited by the practical difficulties of
fulfilling the insulin criterion. In addition to insulin resistance, there are two more

prerequisites that must be met. These included obesity (characterized as an elevated waist-hip
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ratio or body mass index [BMI]), hypertension, dyslipidemia (high triglycerides or low HDL-
C), and microalbuminuria. Microalbuminuria has been questioned for being a major

component, primarily since it is uncommon in people who are not diabetic.
WHO criteria

Diabetes, inadequate glucose absorption in the lowest 25% of blood, hyperinsulinemia,
euglycemic readings, or impaired fasting glycaemic or insulin resistance plus two or more of

the subsequent

e Obesity: BMI > 30 kg/m2 or waist-to-hip ratio >0.9 (male) or >0.85 (female)

¢ Microalbuminuria: albumin excretion >20 mg/min

e Dyslipidaemia: Triglycerides>150mg/dL or HDL cholesterol: < 35 mg/dL (male) or <
39mg/dL (female)

e Hypertension: Blood pressure >140/90 mmHg and/or medication

A revision to the WHO definition was made in 1999 by the European Group for the
study of Insulin Resistance (EGIR) in response. The EGIR offered their own definition,
which relies on fasting insulin instead of the euglycemic clamp to measure insulin resistance
3 and the WHO definition was changed for good practical approach.Therefore, as serum
fasting insulin may not be a useful indicator of insulin resistance in diabetics, those with type
2 diabetes mellitus were not included. Waist circumference was used to simplify the obesity
criterion. Moreover, the metabolic syndrome was redefined without including micro-

albuminuria.

Group for the Study of Insulin Resistance in Europe, 1999

Insulin resistance:
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Hyperinsulinemia: Over 25% of fasting insulin tolerance from Non-diabetic

population adittion 2 or more of the following:-

e (Central obesity: means, waist circumference > 94 cm (male), > 80 cm (female)

e Fasting plasma glucose : > 110 mg/dL

e Dyslipidaemia: triglycerides > 150mg/dL or HDL cholesterol < 39mg/dL (male,
female)

e Hypertension: blood pressure > 140/90 mm Hg and/or medication

The definition or criterion was provided by the National Cholesterol Education Program
Adult Treatment Panel (NCEP-ATP III) in 200134.The NCEP criteria sought to identify
individuals who would benefit from clinical lifestyle intervention to reduce their long-term
risk of cardiovascular diseases. Although metabolic risk factors were shown to be clustered,
pathogenesis-related results were not revealed. NCEP adopted a less glucose-centric strategy
by giving equal weight to each element of the metabolic syndrome. The waist circumference
cut off points were significantly higher than those found in the EGIR criteria because they
were derived from the 1998 National Institutes of Health obesity clinical recommendations
(1998), which identified the upper quartile of the US population. An modified NCEP-ATP III
criteria was announced in 2005 by the American Heart Association (AHA) and the National
Heart Lung and Blood Institute (NHLBI). *** The majority of the NCEP ATP III criteria were
maintained in this definition, while a lower threshold for higher fasting glucose was
suggested (the 2001 definition classified fasting plasma glucose as elevated if it was greater
than 110 mg/dL (6.1 mmol/L). According to the most recent definition of impaired fasting
glucose (IFG) published by the American Diabetes Association in 2004, this was changed to

>100 mg/dL (5.6 mmol/L). Because it is useful and simple to use, the NCEP definition is
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among the most widely used MS definitions. However, as it excludes the measurement of

insulin while fasting, accounting for insulin resistance may not be successful.

ATP II1, 2001

Three or more of the following

* Central obesity: means, waist circumference: > 102 cm (male), > 88 cm (female)
» Fasting plasma glucose: > 110 mg/dL.

* Hypertriglyceridemia: triglycerides > 150mg/dL

* Hypertension: Blood pressure > 135/85 mm Hg or on medication

* Low HDL cholesterol: <40mg/dL (male), < 50 mg/dL (female)

The American Association of Clinical Endocrinologists (AACE) then provided comments on
the description of the metabolic syndrome in 2003. A single, unified definition was suggested
to be desirable by the abundance of definitions. The International Diabetes Federation (IDF)
revised the definition of the metabolic syndrome in April 2005 with the hopes of

accomplishing this. ** >

IDF Criteria:

Abdominal Circumference + 2 criteria

* Abdominal circumference: > 80cm
» Triglycerides: > 150mg/dl
* HDL- Cholesterol: < 50mg/dl (male, female)
* Blood pressure
SBP: >130mmHg

DBP: >85mmHg
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* Use of antihypertensive medication

» Fasting Blood Glucose: >100mg/dl or use of hypoglycaemic drug Risk Factors

TABLE 1: Criteria for Metabolic Syndrome

Clinical WHO EGIR ATP 111 (2005) AACE IDF (2005)
measure (1998) (2003)
Insulin IGT,IFG,T2 | Hyperinsulinemia | 3 or more of the | IGT, IFG | NONE
resistance | DM or top 25%  of | Following plus
lowered fasting any of the
insulin insulin tolerance following
sensitivity | from non-diabetic
plusany 2 | population
of the | Plus 2 or more of
following the
following
Body BMI  >30 | WC Waist wcC AC
weight kg/m2 or >94 cm (male) circumference >102cm > 80cm
W:H>0-9 >8ocm (female) > 80cm in | (male)
(male) or females, >88 cm
> 0-85 > 90cm males. (female)
(female)
Lipids TG TG>150mg/dL or | TG >150mg/dl | TG1>50mg/d | TG
>150mg/dL | HDL-C: or specific | L >150mg/dl
or <39mg/dL medication or HDL-C: HDL- C
HDL-C: < | (male, female) HDL<50mg/dl | <40mg/dL <50mg/dl
35mg/dL for women and | (male)
(male) or <40mg/dl  for | <50mg/dL
<39mg/dL men or specific | (female)
(female) medication
Blood >140/90 >140/90 mm Hg | systolic ~ blood | >135/85 mm | SBP>130m
pressure mm Hg and/or medication | pressure Hg or mHg
and/or >130mmhg  or | medication DBP>85m
medication diastolic mHg
>85mmhg or Use of
specific antihyperte
medication nsive
medication
Glucose IGT,IFG,T2 | IGT,IFG Fasting plasma | IGT,IFG but | FBS>100m
DM glucose  level | not diabetes | g/dl
>100mg/dl  or or use of
specific hypoglycae
medication  or mic drug
previously Risk
diagnosed type Factors
2 diabetes.
Others Microalbum
inuria
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EPIDEMIOLOGY:

Depending on the definition and population under study, there are variations in the
prevalence of MetS by age, ethnicity, and sex. Factors such as an individual's diet, level of
physical activity, genetic makeup, and extent of malnutrition all influence the frequency of
the disorder and its constituent parts. Because so many confounding factors may have an
impact, generalizations about the prevalence of sex differences may be deceptive. To make
matters more complicated, a diagnosis of the syndrome can be made at any time if three out
of five symptoms are met. Therefore, any of the 16 risk factor combinations may be used to
make a diagnosis, and prevalence data do not differentiate between these subtypes, which
may also differ by sex and population. However, a recent analysis of the Third National
Health and Nutrition Survey (NHANES III, 1998-1994, NCEP criteria) in the US found that
abdominal obesity was the most common MetS feature in women, but men's risk factor

35,36

combinations were more variable This national representative survey was conducted.

The most common cluster among younger women (16.7%) included elevated WC,
low HDL cholesterol, and elevated triglycerides (TG). For younger boys (18.0%), increased
TG, low HDL cholesterol, and hypertension were the most often occurring combinations. It's
interesting to note that in this cohort of older individuals (65 years and above), the gender
difference in subtype distribution was nearly abolished, meaning that older men and women
equally shared the most prevalent subtype—having all five traits. These results demonstrate
that the condition varies with age, sex, and subtype. The information at hand makes it
difficult to determine which criteria—the simple existence or absence of the syndrome, the
entirety of risk factors, or a specific mix of risk factors—better captures the essence of
cardiac metabolic risk. Further investigation®’ not with standing the continuous growth in

obesity rates, recent data from the NHANES 1999-2006 indicate that 68 million US
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individuals (overall prevalence 34.2%) currently suffer from the illness. Both men and
women are equally likely to be obese (age-adjusted prevalence: 34.9% and 33.3%,

respectively) >*

The estimates of prevalence differ according to the standards applied in defining
MetS. According to the IDF definition, the prevalence of MetS was 37.4%, the ATP III
criterion was ** 7%, and the ATP III/AHA/NHLBI criteria was 41.6%, according to a national
survey conducted in Iran in 2007. In Tunisia, a different Middle Eastern nation, the frequency
was 24.3% according to ATP III standards and 45.5% according to IDF criteria. However, the
frequency was significantly higher in women than in men in all of the Middle Eastern

countries. >’

In India, the prevalence of the metabolic syndrome as determined by the Adult
Treatment Panel III (NCEP, ATP III), the National Cholesterol Education Programme, and
other criteria varies from 11 to 41%. Although studies indicate that Asian Indians residing in
India have a high frequency of the metabolic syndrome, there are no genuinely representative

data available from all regions of India **

Based on the modified ATP III, International Diabetes Federation, and Japanese
criteria, middle-aged and senior males did not differ in the three criteria, however the
prevalence of MetS was almost three times higher in old women than in middle-aged women.
The International Diabetes Federation and modified ATP III criteria showed a significantly
higher prevalence of MetS in women than did the Japanese criteria. Among the risk factors,
as people aged, the prevalence of high fasting glucose and high blood pressure increased in
both genders, whereas the prevalence of central obesity and dyslipidemia increased
exclusively in women. There was greater risk clustering in older subjects compared to

middle-aged subjects among the MetS participants who met the modified ATP III criteria,
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particularly in women. In both sexes, blood pressure went up, triglycerides went down, and
in older males, non-high-density lipoprotein cholesterol went down. In older men, the

prevalence of dyslipidemia declined *"

Numerous investigations have demonstrated that insulin resistance has a significant
hereditary component. Obesity is one of the main causes of insulin resistance. Asian Indians
are rarely extremely obese, yet even when they are, they still have insulin resistance. Asian
Indians need higher insulin dosages to keep their normoglycemic levels stable. Asian Indians
are more likely to develop hyperinsulinemia, upper body adiposity, and a high body fat
percentage as early signs of insulin resistance. Compared to other ethnic groups, Indians had
larger waist-to-hip ratios (W: H) for every BMIL. 2 despite the fact that body mass index

(BMI), a measure of obesity, is lower among Indians.
RISK FACTORS:

Risk factors for the development of MetS:

* Positive family history

* Smoking

* Low socioeconomic status

* Increasing age

*  Obesity

* Low cardiorespiratory fitness

* Physical inactivity

» Excessive alcohol consumption

* Use of antiretroviral drugs in human immunodeficiency virus (HIV) infection
* Excessive television-watching

*  Western dietary patterns

* Atypical antipsychotic drug use (e.g., clozapine etc)

Genetic factors *°.

AETIOLOGY:
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The aetiology of metabolic syndrome involves interactions between sedentary lifestyle, poor
food, genes, and numerous other risk factors (Figure 1). Over the past few decades, the
obesity and metabolic syndrome epidemic has been fueled by an abundance of food, pre-
packaged fast food with high calorie density, and everyday gadgets that limit physical
activity. Obesity and the metabolic syndrome are on the rise, which is problematic because
they increase the risk of type 2 diabetes, cardiovascular disease (CVD), coronary heart
disease (CHD), and premature death. Diabetes affects over 200 million people globally, and

by 2030, the prevalence is expected to quadruple. 4

Fig 1: Predictors, Components and Consequences of MetS.

Low fitncss
Sedentary lifestyle
Unhcalthy nutrition

Low sociocconomic status

Gienctic predisposition
Low birth weight
Advanced age

Central
adiposity

Insulin

resistance

Endothelial
dysfunction

Type 2
Diabetes ‘ >

Atherosclerotic
vascular discase

Sedentary Lifestyle

Physical inactivity is the most important predictor of cardiovascular events and the death that
is linked to them. Sedentary lifestyles are linked to many metabolic syndrome components,
such as reduced HDL cholesterol, increased subcutaneous adipose tissue (primarily central),
and a tendency toward elevated triglycerides, hypertension, and elevated blood glucose in

genetically susceptible individuals. More than four hours a day spent in these activities
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doubles the risk of having metabolic syndrome ** as compared to less than an hour a day

spent watching TV, watching videos, or using a computer.

PATHOPHYSIOLOGY:

MetS is a long-term, low-grade inflammatory state brought on by a complicated interaction

between environmental and genetic variables. The syndrome is characterized by a number of

variables, including hereditary predisposition, high blood pressure, hypercoagulable

condition, visceral obesity, insulin resistance, atherogenic dyslipidemia, endothelial

dysfunction, and chronic stress. (Fig 2)

Fig 2 Diagrammatic representation of MetS.
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Abdominal Obesity: The "obesity epidemic" is mostly brought on by a rise in the
intake of low-cost, high-calorie meals and a decline in physical activity. Through adipocyte
hypertrophy and hyperplasia, adipose tissue can respond quickly and dynamically to changes
in dietary excess™. It is a heterogeneous collection of immune cells, endothelium, stromal
preadipocytes, and adipocytes. Obesity-related reduced blood supply to adipocytes and
increased adipocyte growth can lead to hypoxia®® A theory suggests that hypoxia triggers
necrosis and macrophage infiltration into adipose tissue, which in turn causes an excess of
physiologically active metabolites called adipocytokines, such as glycerol, Free fatty acids
(FFA), plasminogen activator inhibitor-1 (PAI-1), C-reactive protein (CRP), proinflammatory
mediators (interleukin-6 (IL-6) and tumor necrosis factor alpha (TNFa)*” This causes a
localized inflammation in the adipose tissue, which spreads to the entire system and is linked
to the emergence of comorbidities connected to obesity **- It is believed that a number of
mechanisms, including insulin sensitivity, oxidant stress, energy metabolism, blood
coagulation, and inflammatory response, accelerate atherosclerosis, plaque rupture, and
atherothrombosis. To mediate these activities, adipocytokines integrate autocrine, paracrine,
and endocrine signals. This indicates that adipose tissue is a distinct endocrine organ that is
specialized in the storage and mobilization of lipids and also produces a broad range of

. 48,4950
cytokines. ™"

FFA: Subcutaneous adipocytes in the upper body create the majority of circulating
free fatty acids (FFA). The amount of fat within the abdomen has been positively correlated
with splanchnic FFA levels, which may play a role in the liver fat deposition that is
commonly seen in abdominal obesity > Furthermore, a chronic exposure to elevated FFA in
the pancreas affects pancreatic 3 cell function, whereas an acute exposure to elevated FFA in
skeletal muscle inhibits insulin-mediated glucose uptake and causes insulin resistance

Fibrinogen and PAI-1 production are elevated by FFAs >*
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TNF a: It functions as a paracrine mediator in adipocytes and seems to have a local effect on
adipocytes' insulin sensitivity * Research indicates that TNF-o inhibits the insulin receptor
substrate 1 signaling pathway > which in turn enhances insulin resistance by inducing
apoptosis in adipocytes ©* > An atherogenic dyslipidemia would be caused by the paracrine
effect, which would further tend to increase the FFA release °* Body weight, white
cholesterol, and triglycerides (TGs) are all favorably correlated with plasma TNF-a. On the

other hand, HDL-C (high density lipoprotein) and plasma TNF-a are negatively correlated.

CRP: Elevated CRP levels are associated with increased WC, insulin resistance, BMI, and
hyperglycemia®, and they rise in direct proportion to the number of components of the MetS.
It is more likely to be elevated in obese insulin-resistant individuals than in obese insulin-
sensitive persons®’. Additionally, it has been demonstrated that CRP levels, regardless of the
degree or existence of MetS in an individual, independently predicted the occurrence of
future CVD events®'. Since the MetS has been linked to an elevated risk of future CVD
events, levels of CRP may be a substantial independent predictor of adverse outcomes in the

MetS.%*

IL-6: In humans, adipose tissue and skeletal muscle both release it ®Tt works as an anti-
inflammatory as well as an inflammatory marker. Additionally expressed in the brain's many
areas, including the hypothalamus, where it regulates energy intake and appetite, is the IL-6
receptor ®* Tt is a systemic adipokine that affects insulin sensitivity and plays a significant
role in determining the amount of CRP ® produced by the liver. It is possible for IL-6 to
inhibit lipoprotein lipase function. It has been demonstrated to have a negative correlation
with HDL-C ®’ and a favorable relationship between fasting insulin, BMI, and the onset of

T2DM %
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PAI-1: This serine protease inhibitor is produced by vascular endothelium®’, platelets, and
intra-abdominal adipocytes. Because it inhibits the tissue plasminogen activator (tPA) ®,
atherothrombosis and decreased fibrinolysis are believed to be its indicators. Plasma PAI-1
levels are higher in inflammatory conditions®® and people with abdominal obesity ®, which

increases the risk of intravascular thrombus and adverse cardiovascular outcomes. '

Adiponectin: It controls body weight and food intake, improves insulin sensitivity, controls
lipid and glucose metabolism, and guards against long-term inflammation """ It suppresses the
pace at which the liver produces glucose on its own and hepatic gluconeogenic enzymes. It
improves fatty acid oxidation and muscle glucose transport > Its complex anti-atherogenic
properties include suppression of endothelial activation, decreased macrophage to foam cell
conversion, and suppression of smooth muscle proliferation and arterial remodelling, which
are hallmarks of the mature atherosclerotic plaque development > .Adiponectin has an
inverse correlation with low density lipoprotein cholesterol (LDL-C), TGs and blood
pressure, among other CVD risk factors’ . Furthermore, adiponectin has been demonstrated
by Pischon et al. to be a potent inverse independent risk factor for CVD ™ Moreover,
Fumeron et al. came to the conclusion that, regardless of fat content, hypoadiponectinemia is
linked to insulin resistance, hyperinsulinemia, and the potential to develop type 2 diabetes "
An anti-inflammatory molecule called adiponectin is negatively correlated with blood
pressure, body weight, WC, TGs, insulin resistance (HOMA-Homeostasis Model
Assessment), fasting insulin, and BMI. Adiponectin and HDL-C54, on the other hand,
correlate favorably. TNF a ’® lowers its expressions and secretions, potentially by stimulating
the synthesis of IL-6, which also prevents the secretion of adiponectin ”’. Adiponectin is
perceived as “protective” due to its antagonistic action against TNF a as well as its inverse

correlation with MetS ’® characteristics action "
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Leptin: It is an adipokine that controls appetite and energy intake > When obesity develops,
leptin levels in the plasma rise, and when weight is lost, they fall. The brain stem and the
hypothalamus contain the majority of leptin receptors. Signals from these receptors regulate
neuroendocrine function, energy expenditure, and satiety. Leptin resistance, or high levels of
leptin that do not control hunger, is present in the majority of overweight and obese people.
One basic pathophysiology in obesity is likely to be leptin resistance ** Leptin affects hunger
and metabolism in addition to raising blood pressure in the hypothalamus via stimulating the
sympathetic nervous system (SNS) A significant portion of the elevation in renal
sympathetic tone seen in obese human participants is said to be explained by high levels of
leptin in the blood ** Leptin * causes an increase in blood pressure and renal sympathetic
activity, which is mediated by the ventromedial and dorsomedial hypothalamus. Leptin is a
nitric oxide (NO) dependent vasodilator that also increases peripheral vascular resistance and
sympathetic nerve activity . Plasma leptin levels and obesity are correlated, and

hyperleptinemia is actually considered a different risk factor for cardiovascular disease. *>

Insulin Resistance (IR): Normal body weight, absence of visceral or abdominal obesity,
moderate physical activity, and low-saturated-fat diet are characteristics of the insulin-
sensitive phenotype®®. Insulin-resistant individuals exhibit impaired glucose metabolism or
tolerance, as evidenced by abnormal responses to glucose challenges, elevated fasting
glucose levels and/or overt hyperglycemia, or decreased insulin action following intravenous
insulin administration (euglycemic clamp technique) with decreased insulin-mediated
glucose clearance and/or reductions in the suppression of endogenous glucose production. It's
characterized as a pathophysiological state wherein normal insulin concentrations are
insufficient to trigger a typical insulin response in peripheral target tissues like the liver,
muscle and adipose. In order to combat hyperglycemia in insulin-resistant people, pancreatic

beta cells release extra insulin in this situation (hyperinsulinemia). While hyperinsulinemia
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may make up for insulin resistance to certain of the physiological effects of insulin, such as
the preservation of normoglycemia, it can also cause an excess of insulin activity in certain
normally sensitive tissues. An concentration on some of insulin's effects combined with

resistance to other actions of the hormone results in the clinical symptoms of MetS ¥’

Hyperglycemia and overt T2DM®® are caused by the pancreatic beta cells' gradual incapacity
to generate enough insulin to reverse the tissue insulin resistance that is getting worse.
Physiological insulin signaling occurs after ligand-activated tyrosine kinase-mediated
binding of insulin to the insulin receptor. Insulin binding results in the tyrosine
phosphorylation of downstream substrates and the activation of two parallel pathways: the
phosphoinositide 3-kinase (PI3K) pathway and the mitogen-activated protein (MAP) kinase
pathway. The MAP kinase pathway is unaffected by insulin resistance, whereas the PI3K-Akt
pathway is disturbed. This throws off the balance between these two parallel pathways.
Endothelial dysfunction results from a decrease in endothelial NO production brought on by
inhibition of the PI3K-Akt pathway. Furthermore, there is a decrease in GLUT4
translocation, which lowers the quantity of glucose absorbed by skeletal muscle and fat. On
the other hand, since the MAP kinase pathway remains intact, endothelin-1 (ET-1) synthesis,
the expression of vascular cell adhesion molecules, and the stimulation of mitosis in vascular
smooth muscle cells all persist. These are some of the ways that vascular anomalies that
increase the risk of atherosclerosis are caused by insulin resistance. Insulin-resistant people
often have an aberrant fat distribution with a predominance of upper body fat, even though
they do not necessarily need to be clinically obese. Regardless of the proportional
contributions of visceral fat and abdominal subcutaneous fat to insulin resistance, a pattern of
trunk (upper body) obesity correlates more strongly with insulin resistance and the MetS than

does lower body obesity .
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Dyslipidaemia: The range of qualitative lipid abnormalities that define this dyslipidemia is
indicative of disruptions in the biochemical activity, metabolism, and structure of both
antiatherogenic HDL-C and atherogenic lipoproteins’. These abnormalities include low
levels of HDL-C, elevated TGs, elevated levels of small particles of LDL, and elevated
lipoproteins containing apolipoprotein B (apoB). An atherogenic dyslipidemia is caused by
insulin resistance in multiple ways. First, because insulin generally inhibits lipolysis in
adipocytes, a disruption in insulin signaling causes lipolysis to rise, which raises FFA levels.
FFAs serve as a substrate for the liver's production of TGs. When apoB is generated, more
very low density lipoprotein (VLDL) particles are created, the primary lipoprotein of VLDL
particles, is stabilized by FFAs. Second, insulin resistance directly raises the synthesis of
VLDL since insulin typically destroys apoB through PI3K-dependent pathways. Third,
lipoprotein lipase, a key modulator of VLDL clearance and the rate-limiting enzyme, is
regulated by insulin. Thus, both an increase in VLDL synthesis and a decrease in VLDL
clearance lead to hypertriglyceridemia in insulin resistance. Remaining lipoproteins and tiny
dense LDL are produced during the metabolism of VLDL, and both can encourage the
development of atheromas. To create particles of TG-enriched HDL and cholesteryl ester-
enriched VLDL, the cholesterol ester transport protein (CETP) transports the TGs from
VLDL to HDL in exchange for cholesteryl esters. Furthermore, TG-enriched HDL is rapidly
eliminated from the circulation due to its superior substrate status for hepatic lipase, which
means that fewer HDL particles are available to participate in the vasculature's reverse
cholesterol transport. As a result, insulin-resistant patients' livers have high FFA flow,
increased TG synthesis and storage, and excess TG secreted as VLDL *” The prevailing
belief is that elevated liver VLDL secretion is the primary cause of the dyslipidemia linked to

insulin resistance °'. These abnormalities strengthen the proinflammatory character of
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macrovascular atherosclerotic disease by being intimately linked to elevated oxidative stress

and endothelial dysfunction.

Hypertension: Obesity, glucose intolerance, and dyslipidemia are the three metabolic
disorders most commonly linked to essential hypertension “* *** Studies show that via
upregulating the expression of AT II, AT1 receptor, and angiotensinogen, hyperglycemia and
hyperinsulinemia activate the Renin-Angiotensin System (RAS). Individuals with insulin
resistance may develop hypertension as a result of these combined variables **. Furthermore,
evidence exists that insulin resistance and hyperinsulinemia activate the sympathetic nervous
system, which subsequently prompts the heart to elevate cardiac output, the kidneys to
improve sodium reabsorption, and the arteries to constrict in response, resulting in
hypertension **. More recently, it has been discovered that adipocytes also produce
aldosterone in response to ATII *°. In this way, the adipocyte can be compared to a miniature

renin-angiotensin-aldosterone system.

Genetics: Significant differences in beginning age and susceptibility amongst people with
comparable risk profiles indicate a significant interaction between hereditary and
environmental factors °°. It is acknowledged that some individuals with high levels of
metabolic risk factors and insulin resistance can be found in people who do not meet typical
definitions of obesity. Examples include people with one parent and a first- or second-degree
relative who also has diabetes °’; many people of South Asian heritage also have this
condition *. In obese/insulin-resistant people, there are significant individual differences as
well as ethnic variations in the clinical pattern of metabolic risk factors ** Each metabolic
risk factor most certainly has some genetic control over how it expresses itself, which affects
how it reacts to various environmental stimuli. For instance, a number of polymorphisms in

genes influencing lipoprotein metabolism are linked to the deterioration of dyslipidemia in
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obese individuals100. In a similar vein, insulin resistance plus a hereditary propensity for
impaired insulin production can cause abnormally high plasma glucose levels '°' . Neel's'®
thrifty genotype theory from 1962 states that if an organism could optimize its capacity to
store excess energy, it would increase its chances of surviving in a hostile environment with
erratic food supplies. Thus, under such conditions, genetic selection would favor the
genotypes that conserve energy. But when nutrition improved, the specific genetic differences
that had been advantageous during starvation would no longer be so. According to this
theory, MetS is predisposed by common genetic variations of thrifty genes. Hales and Barker

presented a second frugal phenotypic theory in 1992 '

This theory suggests that infants who
suffered from intrauterine starvation may have become "thrifty" by lowering their energy
consumption in response to inadequate nutrition. When people receive inadequate nutrition as
children or adults, these metabolic adaptations help them; but, when people consume more
food, these adaptations lose their benefits and raise the chance of developing Metabolic
Syndrome (MetS) in the future. The reported links between low birth weight and the

development of insulin resistance and type 2 diabetes in a number of populations '** provide

evidence in favor of this theory.

Endothelium Purpose: It is typified by decreased arterial compliance, accelerated
atherosclerosis, and poor endothelium-dependent vasodilatation '. Adipokines, oxidative
stress, advanced glycation products, FFAs, inflammatory cytokines, and hyperglycemia are
just a few of the factors that hinder the endothelium's ability to perform its normal defensive
and physiological roles. According to Hansson, immune cells are involved in every stage of
the atherosclerotic processl%; additionally, endothelial dysfunction and a proatherogenic
vascular bed'"” are caused by an increase in reactive oxygen species and a decrease in NO, a

crucial regulator of endothelial homeostasis.
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Hypercoagulable State: Proinflammatory states are indicated by circulating cytokines and
acute-phase reactants (e.g., CRP). Furthermore, endothelial dysfunction, platelet abrasions,
and a rise in fibrinogen, factor VII, factor VIII, and the antifibrinolytic factor (PAI-1) are all
signs of a prothrombotic state. A fibrinogen, an acute-phase reactant protein similar to CRP,
has been demonstrated by Grundy SM'® to increase in response to a high-cytokine condition.
This suggests that there may be a metabolic connection between the prothrombotic and

proinflammatory states.

Diet: According to a study by Aljada et al.'®”

a high dietary fat intake is linked to oxidative
stress and the activation of nuclear factor kappa-beta (NFxB), a transcription factor that
promotes inflammation. On the other hand, even when a diet high in fat contains the same

. . . . . . 110.
number of calories, one high in fruits and fiber cannot cause inflammation

Long-Term Stress and the Action of Glucocorticoids (GC): Individuals who are
genetically predisposed to persistently oversecrete stress mediators such as cortisol may
experience favorable environmental conditions leading to inadequate growth hormone
synthesis, hypogonadism, and visceral fat storage'''. GCs promote preadipocyte
differentiation into adipocytes, which may lead to an increase in body fat mass, block
adipocytes' uptake of amino acids stimulated by insulin, increase lipolysis or lipid oxidation,
which causes peripheral insulin resistance'®, and stimulate the hepatic gluconeogenic
pathway. They also increase lipoprotein secretion and the activities of enzymes involved in

fatty acid synthesis''?

. The frequency of MetS features, total urine GC metabolites, and
plasma cortisol levels were found to be strongly correlated in these patients. A positive

connection was noted in these patients between the ''*, as well as the secretion rate and

peripheral clearance of cortisol.These hormonal changes may cause sarcopenia, increased
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visceral adiposity, and reactive insulin hypersecretion, which can result in dyslipidemia,

hypertension, and T2DM '

Controlling Metabolic Syndrome:

Life style changes:

The underlying cause of the Metabolic syndrome is obesity. Therefore, the main strategy for
treating the illness is weight loss. Controlling obesity by non-pharmacologic lifestyle

management is crucial.

Numerous studies show that cutting back on calories to < 500-1000 kcal below daily
requirements will help obese patients lose up to 0.5 kilograms/week. Exercise has numerous
long-term advantages, even if it only slightly improves the success of calorie intake programs
when combined with exercise. The majority of the component risk factors and the metabolic
syndrome will be reduced with reaching the target weight loss by lifestyle modifications to

lower BMI to less than 23 (for Asians) or 25 (for Caucasians).

Weight control and diet modifications:

Based on the information now available, patients with metabolic syndrome should begin their

treatment with targeted weight reduction and increased physical activity.

According to current dietary guidelines, a balanced meal should contain 45-60% of calories

from carbs, 20 to 35% from lipids, and 10-35% from protein te.

Low consumption of
cholesterol, trans fats, and saturated fats, along with low-glycaemic index meals, are the

usual dietary guidelines. Animal protein may not be as useful as soy protein.
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Physical activity:

Engaging in physical activity is linked to effective weight loss, and these therapeutic lifestyle
modifications can cut the risk of early-onset diabetes in people with metabolic syndrome in
half. It lowers the risk of cardiovascular disease overall. Recommendations for physical
activity should include realistic, consistent, and moderate exercise programs that last at least

30 to 60 minutes each day. Exercise increases the benefits. Frequent exercise also enhances

vascular health and endothelial function.'

17

Thus, it is evident that controlling the IR situation that characterizes the metabolic syndrome

requires a comprehensive strategy that includes weight loss, consistent exercise, and yoga."'

7

Table 2: Treatment goals and clinical recommendations for the management of

metabolic syndrome117

Target

Goal

Recommendations

Abdominal obesity:

10% weight reduction in
first yearand  continued
weight reduction there after.

Healthy Diet and improved regular
physical activity.

Physical inactivity

Daily physical activity.

30-60 minutes of exercise daily.

Atherogenic food

Limit intake to saturated
fats, trans fats.

Total lipids 25-35% of total
calories, Saturated fats less than
7% of calories.

Smoking

Complete stop

Complete stop

High LDL cholesterol

LDL cholesterol
<100mg/dl (moderate) and
<70mg /dl inhigh-risk
patients.

Lifestyle modifications and
cholesterollowering drugs to
achieve targets.

Low HDL cholesterol

Inadequate data.

Lifestyle changes and HDL-
raising drugs.

Fasting glucose less than
90mg/dl.HBA1C<7.0% for
diabetics.

High blood pressure In diabetes and CKD Lifestyle therapy and
<130/80mmHg. antihypertensive medications.
Elevated glucose Control and maintenance of | Lifestyle therapy and

hypoglycemicdrugs if required.
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PHARMACOTHERAPY:

Adjuvant pharmaceutical therapy, in conjunction with lifestyle adjustments, is an
essential part of managing patients with metabolic syndrome, particularly those with a
BMI more than 30 kg/m2 or a BMI more than 27 kg/m2 who also have obesity-

related disorders and do not meet therapeutic goals ''® The drugs that are used are
1. Centrally working anorexiants (appetite suppressants) — Sibutramine
2. Endocannabinoids - Rimonabant
3. Peripherally acting drugs — Orlistat
Sibutramine and Orlistat:

By modifying these neurotransmitters in the central nervous system(CNS),
sibutramine, a selective serotonin and norepinephrine reuptake inhibitor, reduces appetite and
promotes fullness without making people feel deprived. According to Krejs, weight loss and
weight maintenance produced by sibutramine result in clinically significant decreases in risk
variables linked to the metabolic syndrome ''® Glycosylated hemoglobin (Hb Alc), uric acid

concentrations, visceral fat and lipid levels all decrease during medication treatment.

Orlistat substantially inhibits the function of pancreatic, stomach, and carboxyl ester lipases,
which are necessary for the breakdown of dietary fat into fatty acids and monoacylglycerols.
When taken at a dose of 120 mg tid, orlistat slows the digestion and absorption of about 30%
of dietary fat.It was determined that orlistat might successfully control co-morbidities
associated with obesity, including IR and atherosclerosis risk. But the main issue with these
anti-obesity medications that are now on the market is that they have a high rate of side

effects that make it difficult to build tolerance and adhere to a long-term regimen.117
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Antagonists of the cannabinoid-1 receptor (CB1):

A novel class of medications known as cannabinoid type 1 receptor (CBI) antagonists
includes rimonabant. CB1 receptors are widely distributed throughout the brain ''® It has
been shown that high-risk patients with atherogenic dyslipidemia who are overweight or

obese may benefit from this new class of medications.

Reduction in body weight in the overweight group combined with a commensurate decrease
in waist circumference and improvement in metabolic profile as evidenced by a decrease in

fasting insulin, glucose, and CRP '

and an increase in plasma adiponectin levels.
Depression, anxiety, and nausea were the most frequent side effects that resulted in the

medicine being discontinued.
Surgical approach of obesity:

Patients with a BMI >40 kg/m2 or those whose BMI >35 kg/m?2 is linked to a major medical
condition may be candidates for surgery. Many industrialized nations treat severe obesity
with liposuction or bariatric surgery. Despite a considerable reduction in weight, a
randomized trial on liposuction revealed no effect on the lipid profile or other metabolic

I 116
syndrome indicators.

Among patients with diabetes mellitus and hypertension, it causes a 25-30% reduction in
weight and a quick return to normalcy in blood pressure and glucose handling ** '**
However, there are no long-term data available, and new reports of significant procedure-

related mortality and morbidity, particularly in the elderly, have brought up serious safety

concerns.

Individual risk factor modification:
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The American Heart Association (AHA) and the National Heart, Lung, and Blood Institute*
have released a new scientific statement that highlights the importance of treating each
individual risk factor in metabolic syndrome and suggests a multimodal therapeutic

approach.
LIPID control:

Atherogenic dyslipidemia'?' is the term used to characterize the lipid abnormalities
associated with the metabolic syndrome. Even in cases of metabolic syndrome, the ATP-III
guidelines stress that the main goal of lipid therapy is LDL reduction, with low HDL and TGs
acting as secondary targets “® It is well known that statins are effective at lowering LDL
cholesterol levels. According to studies, statins seem tocontrol the LDL sub-fraction profile,
either by reducing small dense LDL or by reducing all LDL subclasses while shifting the
distribution of LDL particles.The objective is less than 100 mg/dl for persons at moderate
risk and less than 70 mg/dl for subjects at high risk. Patients with the metabolic syndrome
typically require medication therapy'*' in order to reach the appropriate LDL values, which
are difficult to attain with diet or exercise therapy alone. Medications for dyslipidemia

include

1. Cholesterol absorption inhibitors — Ezetimibe

2. HMG-CoA reductase inhibitors

3. Fibrates and Nicotinic acid (Niacin)

4. Bile acid sequestrants ( Resins)

5. Omega 3 Fatty acids (Fish oils)

6. For dyslipidaemias, combination therapy has been recommended to reach goal
levels of LDL and other lipids. Studies have shown that ezetimibeis a new

cholesterol-lowering drug that works just as well either taken alone or in
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combination with any statin at a dose of 10 mg per day. For instance, ezetimibe +
10 mg of atorvastatin was equally efficacious as atorvastatin plus 80 mg.
Additionally, this combination increased HDL cholesterol and reduced TGs and
apolipoprotein B (ApoB) more effectively than statins alone. Statins can also be
used to safely increase target levels of HDL cholesterol, TGs, and non-HDL

cholesterol when paired with a fibrate, particularly fenofibrate, and niacin.*®
Fibrates:

Fibrates are helpful in treating metabolic syndrome dyslipidemia and atherogenic
dyslipidemia. They work especially well when combined with statins to lower TGs and LDL
cholesterol. However, combined therapy carries a slight but elevated risk of myopathy and
rhabdomyolysis. It is necessary to monitor and provide counseling to patients who are being
treated with these two drugs. The ATP-III has recommended using a statin in addition to

fenofibrate because of the incredibly low risk of myopathy.''”2°

The hypolipidemic activity is mediated by fibric acid, synthetic ligand of the nuclear
receptor PPARYy that stimulates fatty acid oxidation. PPARy enhances endothelial function

and directly inhibits atherogenic processes on the vessel wall.
Niacin:

Niacin decreases non-HDL cholesterol while increasing HDL cholesterol. Individuals taking
nicotinic acid for diabetes, poor glucose tolerance, or impaired fasting glucose levels should
be closely watched for signs of worsening hyperglycemia. Niacin dosage reductions lessen
this danger. For patients with metabolic syndrome, the combination of a statin and a low dose

.. . . 122
of niacin is a very appealing option.
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Adverse effects related to dermatology, such as flushing, pruritus, and rash, are frequent.
Research has indicated that niacin at low doses can be beneficial in treating both metabolic

syndrome and mixed dyslipidemia.'"”
Omega-3 fatty acids:

Following myocardial infarction, studies have demonstrated that taking fish oils
(decohexaenoic acid and eicosapentaenoic acid) in levels of 3-4 gm daily can prevent
cardiovascular events. Patients with diabetes mellitus and metabolic syndrome who require
further triglyceride lowering have been treated with fish oils. Three grams of fish oil has been
demonstrated to significantly lower small dense LDL, postprandial lipemia, and TGs by 20%

. . 30,117
in these patients.™™

HDL cholesterol modulation:

Several methods of raising HDL cholesterol are being studied. These comprise acetyl
coenzyme A-cholesterol acyltransferase inhibitors, raising ApoAl, and cholesterol ester

transfer protein (CETP) inhibitors (Torcetra.pib).123

Hypertension:

Modifying one's lifestyle is crucial to lowering high blood pressure. The objective is
to lower it as much as possible, ideally to less than 130/85 mm Hg or even less than 120/80
mm Hg. Similar to the Dietary Management to Stop Hypertension (DASH) diet, lifestyle
therapies include things like weight loss, higher consumption of fresh fruits and vegetables,
enhanced physical activity, reduced alcohol intake, and sodium limitation. '**

Antihypertensive medication therapy are typically required to prevent long-term harmful

effects if lifestyle interventions are insufficient in controlling hypertension.
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Both beta-blockers and thiazide diuretics have been clearly shown to have a diabetogenic
effect, and as of right now, these medications may not be the first choice for patients with
metabolic syndrome'!”. Patients with metabolic syndrome are better off using ARBs and ACE

inhibitors as antihypertensives.
ACE inhibitors:

More and more experts support ACE inhibitors as the initial line of treatment for the
metabolic syndrome, especially when type 2 diabetes or renal impairment are present. By
blocking the renin-angiotensin system, ACE inhibitors and angiotensin receptor blockers
(ARBs) has been shown in large-scale randomized clinical trials to lower the risk of diabetes.

ACE inhibitors and ARBs reduced the incidence of diabetes by 14% and 25%, respectively.

A good control in glucose tolerance and insulin sensitivity could be a possible cause. Insulin
sensitivity is increased when angiotensin II blocks the post-receptor insulin signaling
pathway. These medications also lessen inflammation. These medications also lessen
oxidative stress and boost endothelial function, which would increase skeletal muscle's
consumption of glucose because of enhanced flow and higher delivery. When ACE inhibitors
are poorly tolerated, ARBs can be administered; they also have similar positive benefits on

preventing diabetes.'”
IGT, or impaired glucose tolerance, and insulin resistance:

Many of the problems linked to insulin resistance can be corrected by lowering elevated
insulin levels through medication and lifestyle modifications. The risk of IGT turning into
type 2 diabetes can be decreased by pharmacological interventions including medications

such as metformin or thiazolidinediones.
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Agonists for PPAR-a and PPAR-y:

Insulin sensitivity is increased by thiazolidinedione medications such as pioglitazone,
rosiglitazone, and troglitazone. Pioglitazone has been demonstrated to lower blood pressure,
blood glucose, TGs, urine albumin/creatinine ratio, and other metabolic syndrome-related

126
parameters.

Proinflammatory and thrombotic state:

The only long-term strategy for primary prophylaxis that combats the thrombotic
condition is low dose aspirin, i.e. 75—-150 mg taken daily, or other anti-platelet medications.
For people with existing cardiovascular disease, aspirin is generally advised. Aspirin at a
dose of 75-150 mg per day is an appealing therapeutic option to reduce vascular events in
individuals with metabolic syndrome who are at high risk of cardiovascular events in the
future. Not to be overlooked is the fact that suppression of the renin-angiotensin system also
lowers levels of PAI-1 and inflammatory cytokines, which may lower the risk of elevated

thrombotic events in patients with metabolic syndrome. > 1262 127

CRP readings more than 3 mg/dl are indicative of a need for lifestyle modifications.
Numerous drugs used to address other metabolic risk factors in the metabolic syndrome have
been shown to reduce CRP levels These medications include fibrates, ACE inhibitors or
ARBs, thiazolidinediones, statins, and nicotinic acid; however, isolated, routine use of these
medications to lower inflammatory markers has not yet been shown to enhance clinical

results.'"’
Polypill Therapy method:

A polypharmacy approach has been proposed by Wald and Law to avoid

cardiovascular disease ' Based on available clinical data, a combination "polypill"
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containing low dosages of folic acid, statin, aspirin, and There are three antihypertensives

that have been suggested: ACE inhibitors, beta-blockers, and thiazides.

This combination emphasizes the clinical significance of the metabolic syndrome and
the necessity for multiple therapies in the prevention of CVD. The polypill idea is appealing
and appears to hold a lot of promise for managing metabolic syndrome and lowering the

burden of CVD, particularly in secondary and high-risk primary prevention.

These drug combinations—two, three, and four—are currently accessible in India;
nevertheless, adequately constructed multivariate randomized clinical trials are necessary to

117.

address concerns over long-term safety and benefits It shouldn't cause a doctor to lose

focus on how crucial risk factor level management.
PROCALCITONIN

PCT is a peptide having a molecular weight of 14.5 kDa and 116 amino acids. It is composed
of three parts: the amino terminus (57 amino acids), the carboxyl-terminus peptide 1 (CCP-
1), also known as katacalcin, which comprises 21 amino acids, and immature calcitonin (33
amino acids) (Figure 1).128Its production is regulated by the calcitonin 1 gene (CALC-1) on
chromosome 11. Proteases cleave the product of this gene, prePCT, which is then converted
into the mature calcitonin molecule. The thyroid C-cell and, to a lesser extent, other
neuroendocrine cells are the only cells generally capable of translating and transcribed the
CALC-1 gene. However, in response to bacterial infection, production is stimulated in all
parenchymal tissues through the action of the cytokines interleukin-6 (IL-6), interleukin-1f
(IL-B), and tumour necrosis factor-a (TNF -0).'*® There is an accumulation of PCT in these
other tissues because they are unable to split PCT into its mature form, calcitonin.'” On the

other hand, interferon-y, which is mainly released in reaction to viral infection, reduces the
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generation of PCT-"*° Because of this feature, PCT is a more accurate indicator of bacterial

infection.

Figure 3. Schematic representation of the PCT molecule and the peptide that makes it

131

up.
PCT
N-Procalcitonin (57 A4) 1’“"“‘(‘;’3' &‘;i”""i CCP-1 (21 AA)
v W CT:CCP-1
N-Procalcitonin (57 A&) 'mm‘g; ;gnom CCP-1(21 AA)
s N\
M“‘z’;;ﬁ*)”’“ CCP-1(21 A&)

When individuals with extra-thyroid disorders had high levels of calcitonin-like
immunoreactivity in their blood in 1993, PCT was 1% identified as a sign of bacterial
infection.'** Scientists assessed the serum levels of procalcitonin in 79 children with bacterial
and viral illnesses using a monoclonal immunoradiometric test for calcitonin precursors.
Furthermore, they noted that, irrespective of PCT levels, all participants' calcitonin levels
were normal and that PCT levels dropped quickly following antibiotic therapy. Patients with
severe invasive bacterial infections had serum PCT levels between 6 and 53 ng/mL, which
was significantly higher than those with mild local bacterial infections or viral infections (0.1
to 1.5 ng/mL). They came to the conclusion that serum concentrations are connected with the

degree of microbial invasion and that PCT levels are elevated in bacterially septic situations.
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PCT'S CLINICAL USEFULNESS IN CONTAMINOUS DISEASES:

The clinical assessment of PCT levels is still ongoing. PCT levels are currently used for four
common purposes. Initially, the FDA approved the current immunoassay ' to determine the
probability of death in critically unwell septic patients. Second, PCT levels have been utilized

134,135

to direct empirical antibiotic therapy in patients who have acute exacerbations of

sepsis, CAP, and chronic bronchitis. Third, PCT levels can help assess the efficacy of the
patient's empirical antibiotic therapy in conjunction with standard clinical markers 134
Ultimately, the most practical usage is to use successive PCT values to assess when
antibacterial medication is no longer necessary **!*"

Relationship between the severity of sepsis and PCT:

In the diagnosis of sepsis, PCT has been shown to be more clinically relevant and superior to
other laboratory tests and often obtained clinical factors. It is also connected with the degree
and severity of microbial invasion **. Animal studies provide compelling evidence that PCT
is pathophysiologically involved in the formation of severe sepsis and related mortality, in
contrast to other diagnostic biomarkers such as CRP. The course of PCT predicts the
probability of mortality in critically ill patients with infections and in patients with ventilator-
associated pneumonia, and it correlates with the breadth and severity of infection. These
findings have prognostic implications. Moreover, the generation of PCT appears to be
unaffected by nonsteroidal and steroidal anti-inflammatory medications, unlike other
indicators such as CRP '**'°.

PCT to direct antibiotic treatment for upper respiratory tract infections

PCT levels can be utilized as a surrogate biomarker to direct antibiotic therapy in individual
individuals because they rise during bacterial infection and fall after recovery '*"'** For the

purpose of accurately diagnosing both CAP and non-CAP lower respiratory tract infections

(RTIs), highly sensitive PCT assays are required '*. A lower number of patients were started
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on empirical antibacterials as a result of two low PCT readings during the first four to six
hours after hospital admission. An excellent negative predictive value for bacterial infection
is found in low PCT levels during the first four hours of inpatient care.'*

PCT for guidance on antibiotics in other infections:

According to certain proposals, PCT is a potentially useful marker for accurately
differentiating bacterial infections from other infections, such as suspected bloodstream
infections, arthritis, surgical fever, fungal infections, and neutropenic fever '**. Crucially, all
published studies were observational, Apart from respiratory tract infections, meningitis, and
sepsis in the critical care unit, it remains uncertain if PCT may be utilized safely for antibiotic
recommendations in other contexts. '** PCT might not be sensitive enough for everyday
clinical use in certain infections. PCT levels may stay low in people with subacute
endocarditis and cannot be utilized to distinguish between infected and uninfected
individuals. Similar to this, PCT levels may stay low in individuals infected with viruses or
Mycoplasma, but PCT clearly increases when infected with other uncommon bacteria like
Legionella pneumophila. On the other hand, significant initial PCT levels were discovered in
individuals who experienced hypothermia following cardiac arrest, regardless of any
underlying infection. The diagnostic potential for early antibiotic stewardship in these high-
risk individuals was limited due to the nonspecific increase in PCT, which appeared more
like an inflammatory reaction than a genuine infection '**.

LIMITATIONS OF PCT

The use of PCT as a sepsis and infection marker has several drawbacks. In cases of extreme
stress, such as following major surgery or trauma, or in patients experiencing cardiac shock,
nonspecific increases in PCT levels may occur in the absence of a bacterial infection **!**
This explains why medical patients benefit more from PCT's ability to distinguish between

sterile inflammation and sepsis than surgical patients do. There are several known causes of
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nonbacterial systemic inflammation, such as heat shock, acute graft-versus-host disease, and
stress during neonatal birth, granulocyte transfusions, antilymphocyte globulin or anti-CD3
antibody injection, cytokine or related antibody therapy (IL-2 or TNF-a) 135, and other
immunotherapy modalities. Additionally, a number of autoimmune diseases, such as
Kawasaki disease, various types of vasculitis, and paraneoplastic syndromes, have been
connected to elevated PCT levels.'*'.

The Metabolic Syndome and Procalcitonin has been linked to several metabolic syndrome
components. Procalcitonin levels have been shown to be correlated with obesity, insulin

146,147 o
’ Procalcitonin has also been

resistance, and every aspect of the metabolic syndrome
connected to cardiovascular events, atherosclerosis, and inflammation—all of which are
strongly associated with metabolic syndrome '**'** Studies have demonstrated a correlation
between obesity, insulin resistance, and metabolic syndrome "*° and procalcitonin expression
in adipose tissue. In the general population, elevated plasma procalcitonin levels within the
normal range have been linked to metabolic syndrome, obesity, and insulin resistance '*"
Procalcitonin may also be a risk factor for cardiovascular events because it has been shown to
be a marker for inflammation linked to atherosclerosis and metabolic syndrome '**
Moreover, it has been linked to metabolic problems *° and has been found to be a marker for
low-grade inflammation associated with obesity. Procalcitonin's correlation with a number of
clinical characteristics and biomarkers suggestive of metabolic dysfunction '*? lends
credence to the relationship between the protein and metabolic syndrome.

All of these studies' data point to a strong correlation between procalcitonin and metabolic
syndrome. Procalcitonin levels have been repeatedly linked to cardiovascular events,
inflammation, atherosclerosis, obesity, insulin resistance, and other major elements or

outcomes of metabolic syndrome. One fascinating area of investigation is the relationship

between procalcitonin and metabolic syndrome. A precursor hormone called procalcitonin is
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raised in response to sepsis, bacterial infections, and systemic inflammation. On the other
hand, heart disease, stroke, and type 2 diabetes are more common among those with the
metabolic syndrome, a collection of conditions that includes obesity, hypertension,
hyperglycemia, and abnormal cholesterol levels.

Studies have shown a possible connection between procalcitonin levels, inflammation, and
elements of the metabolic syndrome, even though a direct causal linkage between
procalcitonin and the syndrome has not been proven. Procalcitonin is a sign of inflammation,
and chronic low-grade inflammation is thought to play a major role in the development of
metabolic syndrome.According to certain research, people with metabolic syndrome—
especially those who also have other inflammatory diseases like obesity or type 2 diabetes—
had higher procalcitonin levels. Nevertheless, further research is needed to determine the
precise nature of this connection and its therapeutic significance.

It is noteworthy that procalcitonin is principally employed in clinical settings as a marker of
sepsis and bacterial infection. Further research is necessary to properly understand the
relationship and any potential consequences it may have for the diagnosis, prognosis, and
treatment of metabolic syndrome and related disorders, even though its association with the

syndrome is an intriguing topic of inquiry.
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MATERIALS AND METHODS

Data source: Out patients and In patients of RL JALAPPA HOSPITAL, KOLAR.
Study design: A Prospective - Case Control Study.
Study period: September 2022 — December 2023

Method of collection of data: Patients admitted with diagnosis of metabolic syndrome at

RL Jalappa Hospital and Research Centre, Kolar will be selected in a randomized manner.

Inclusion Criteria:

e Patients aged > 18 years with Metabolic Syndrome enrolled as cases after voluntary
informed consent.

e Increased waist circumference (South Asian cut off > 90 cm for men and > 80 cm for
women) plus any two of the following, per NCEP guidelines: Systolic/diastolic blood
pressure > 130 or 85 mm Hg; diabetes therapy or fasting plasma glucose >100 mg/dl;
HDL cholesterol < 40 mg/dl in men and < 50 mg/dl in women or treatment for HDL;

hypertension treatment or systolic/diastolic blood pressure > 150 mg/dl;".

Exclusion Criteria:
e Patients who are on lipid lowering drugs.
e S. Creatinine more than 1.2 mg/dl.

e Patients with any evidence of infections.

Methodology:
=  Patients will be selected as per the inclusion and exclusion criteria.
= They will be explained about the procedure and their consent will be taken and they

will be subjected to blood investigations.
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= (Clinical, laboratory and sociodemographic data will be elicited and collected in a

predefined proforma

1. Socio demographic details

o Age
e Sex
2.Clinical data
e Height
e  Weight
e Waist circumference

e C(Clinical examination

3. Investigations

e Plasma procalcitonin

e Complete lipid profile,

e fasting blood glucose

e Parameters like age and gender were matched.

e Results of waist circumference, Systolic BP, DBP, TG, cholesterol, HDL, LDL,
VLDL, FBS, Plasma procalcitonin will be correlated in two different groups

separately.

Individuals who meet the metabolic syndrome criteria are placed in the cases group; those
who do not meet the criteria are placed in the control group. The fully automated PCT
sensitive KRYPTOR Random Access Analyzerl4 (BRAHMS PCT sensitive LIA;
Hennigsdorf, Germany) was used to assess plasma procalcitonin (PCT).The required
volume of blood sample was 50 ul, which was obtained in EDTA aliquots and incubated
for 19 minutes. It has a measurement range of 0.02 to 5000 ng/ml.With a 95% probability,

the functional assay sensitivity was 0.06 ng/ml, which is the lowest analyte concentration
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that can be measured with an inter-assay CV <20. With a 95% probability, its analytical
sensitivity, or the detection limit determined by utilizing the imprecision profile, is 0.019
ng/mlOver the complete PCT concentration range, the intra-assay and inter-assay
coefficients of variation (CV) are 2-3The antibodies used in this experiment do not react
with human calcitonin (up to 2.5 ng/ml), human katacalcin (up to 10 ng/ml), or human a-

and B-CGRP (up to 4 ug/ml).. This test method has already been explained.

Statistical analysis :
e For categorical variables: Descriptive statistics  presented as frequency and
percentage, and for continuous variables, as mean and SD.
e The relationship between different MS components and plasma PCTvalues.
e Compare plasma PCT levels in patients versus controls, the Mann-Whitney test was

used

e “pvalue” <0.05 from two-sided tests was taken as statistically significant.

A Microsoft Excel data sheet will be used to record the data, and SPSS version 22 software

will be used for analysis. Frequencies and proportions were used to depict categorical data.

Statistical software: MS Excel, SPSS version 26.0 (IBM SPSS Statistics, Somers NY, USA)

was used to analyze data.

Sample size:

Sample size was estimated by using the difference in Mean procalcitonin between
cases and controls repair from the study Divya bajpai et. al. as 0.55 + 0.60 ng/ml and 0.00

+0.00 ng/ml .
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Using the formula below and the Med Calc sample size program, a sample size of 14 was
obtained in each group using these values at the 95% Confidence Limit and 90% Power. With
10% nonresponse sample size of 14+ 1.4 = 16 minimum subjects will be included in each

group.
Sample size estimation formula:

N =2 SD*(Zu»+ Zg)*

d2
e Where Z,, is the critical point of the Normal distribution at 4, (e.g. for a confidence

level of 95%, a is 0.05 and the critical value is 1.96).

e Zgis the critical value of the Normal distribution at 3 (e.g. for a power of 90%, B is

0.1 and the critical value is 1.28),

e SD is the standard deviation from previous study population variance, and
e d s the difference between two mean

N =33 in each group
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RESULTS

TABLE 3: AGE DISTRIBUTION AMONG STUDY SUBJECTS

AGE (YEARYS) Mean SD
CASES 54.76 12.510
GROUP
CONTROLS 48.27 14.719
P VALUE 0.058

The mean age of our study participants was 54.76+12.51 years and 48.27+14.72 years in the
case & control group respectively. The small difference in the mean ages between the two

groups was not statistically significant and hence they were comparable (p = .058).

FIGURE 4: AGE DISTRIBUTION AMONG STUDY SUBJECTS
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TABLE 4: GENDER DISTRIBUTION AMONG STUDY SUBJECTS

GROUP
GENDER Total P VALUE
CASES CONTROLS
N 15 20 35
MALE
% 45.5% 60.6% 53.0%
N 18 13 31
FEMALE 0.218

% 54.5% 39.4% 47.0%

N 33 33 66

Total
% 100.0% 100.0% 100.0%

The case group had 45.5% males and 54.5% females while the control group had 60.6%
males and 39.4% females. The two groups were still comparable as the difference in gender

distribution between the two groups was not statistically significant (p = .218).

FIGURE 5: GENDER DISTRIBUTION AMONG STUDY SUBJECTS
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TABLE 6: WAIST CIRCUMFERENCE AMONG STUDY SUBJECTS

WAIST CIRCUMFERENCE (c¢m) Mean SD
CASES 98.88 8.728
GROUP
CONTROLS 75.24 5.374
P VALUE <0.001

The mean waist circumference was seen to be 98.88+8.728 cm among the cases while the
same was seen to be 75.24+5.374 cm among the controls. The difference in waist

circumference noted between the two groups was seen to be statistically significant (p <

.001).

FIGURE 7: WAIST CIRCUMFERENCE AMONG STUDY SUBJECTS
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TABLE 7: Lipid Profile AMONG STUDY SUBJECTS

Lipid Profile Mean SD P VALUE
TRIGLYCERIDES CASES 160.18 19.651
<0.001
[mg/dl] CONTROLS 137.70 7.122
CASES 38.33 6.213
HDL [mg/dl] <0.001
CONTROLS 4891 6.535

In our study result, we found statistically significant differences in the lipid profile of cases &
controls (p < .001). The mean Triglyceride value & the mean HDL value was seen to be
160.18+19.651 mg/dl and 38.33+6.213 mg/dl respectively. The mean Triglyceride value &

the mean HDL value was seen to be 137.7+7.122 mg/dl and 48.91+6.535 mg/dl respectively.

FIGURE 8: Lipid Profile AMONG STUDY SUBJECTS
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TABLE 8: FBS AMONG STUDY SUBJECTS

FBS [mg/dl] Mean SD
CASES 129.55 17.090
GROUP
CONTROLS 83.09 8.095
P VALUE <0.001

The mean FBS value among the cases was 129.55+17.09 mg/dl and the same among controls

was 83.09£8.095 mg/dl. The difference seen between the groups with respect to FBS values

was found to be statistically significant (p <.001).

FIGURE 9: FBS AMONG STUDY SUBJECTS
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TABLE 9: PROCALCITONIN AMONG STUDY SUBJECTS

PROCALCITONIN [ng/dl] Mean SD
CASES 1.806 1.236
GROUP
CONTROLS 0.163 0.163
P VALUE <0.001

The mean Procalcitonin level in the case group was seen to be 1.806+1.236 ng/dl and among

the controls was seen to be 0.163+0.1613 ng/dl. This difference in the Procalcitonin level was

statistically significant (p <.001).

FIGURE 10: PROCALCITONIN AMONG STUDY SUBJECTS
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TABLE 10: ASSOCIATION OF PROCALCITONIN WITH LABORATORY

PARAMETERS
PROCALCITONIN
[ng/dl]
WAIST CIRCUMFERENCE | Pearson Correlation 0.632
[CM] P VALUE <0.001
Pearson Correlation 0.460
TRIGLYCERIDES [mg/dl]
P VALUE <0.001
Pearson Correlation -0.715
HDL [mg/dl]
P VALUE <0.001
Pearson Correlation 0.861
FBS [mg/dl]
P VALUE <0.001

This result shows that the Procalcitonin levels have significant association with Waist

circumference, Triglycrides, HDL & FBS values in our study with a p value <.001.

FIGURE 11: ASSOCIATION OF PROCALCITONIN WITH LABORATORY
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ROC Curve
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Area Under the Curve - PROCALCITONIN [ng/ml]

Asymptotic 95% CI
Area Std. Error P Value
Lower Bound | Upper Bound
0.942 0.032 <0.001 0.880 1.000
Cut-off Sensitivity Specificity
0.013 97% 87.9%
0.018 97% 84.8%
0.027 97% 75.8%
0.037 97% 72.7%
0.043 97% 66.7%
0.048 97% 63.6%
0.06 97% 60.6%

Area under the ROC for Procalcitonin as a diagnostic test was found to be 0.942 which
indicates that it has an excellent prediction value (p<.001). At 0.013 cut off value, we found

that Procalcitonin has a sensitivity of 97% and a specificity of 87.9%.
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DISCUSSION

The thyroid gland produces procalcitonin (PCT), a precursor of the hormone calcitonin,
which is involved in maintaining calcium homeostasis. Normal physiological conditions
result in extremely low blood PCT levels. However, in response to a systemic bacterial
infection or inflammatory stimuli, PCT levels can rise significantly. This characteristic has

made PCT a valuable biomarker in diagnosing bacterial infections and sepsis.

Chronic low-grade inflammation is a common complication of Metabolic Syndrome (MetS).
Insulin resistance and other metabolic disorders are facilitated by the secretion of
inflammatory cytokines by adipose tissue, especially visceral fat, which include TNF-a, IL-6,
and CRP (C-reactive protein). Procalcitonin, being an inflammatory marker, reflects this
underlying inflammation. Elevated PCT levels have been observed in patients with
conditions characterized by systemic inflammation, such as infections and sepsis, but also in

non-infectious inflammatory states like MetS.

In this study we tried to determine if Procalcitonin can act as an additional marker for the
diagnosis for Metabolic Syndrome. Our study population was divided into two groups: cases
of MetS & controls. The two groups were comparable with respect to their age and gender
distribution. The mean age of our study participants was 54.76+12.51 years and 48.27+14.72
years in the case & control group respectively. The case group had 45.5% males and 54.5%

females while the control group had 60.6% males and 39.4% females.

The mean waist circumference was seen to be 98.88£8.728 cm among the cases while the
same was seen to be 75.24+5.374 cm among the controls. Hence, the waist circumference, on

an average, was significantly higher among patients with MetS (p<.001).
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In our study result, we found statistically significant differences in the lipid profile of cases &
controls (p < .001). The mean Triglyceride value & the mean HDL value was seen to be
160.18+19.651 mg/dl and 38.33+6.213 mg/dl respectively. The mean Triglyceride value &
the mean HDL value was seen to be 137.7+7.122 mg/dl and 48.91+6.535 mg/dl respectively.

Thus, we found higher Triglyceride values & lower HDL values in patients of MetS.

Patients with MetS were seen to have significantly higher FBS values when compared to
controls (p < .001). The mean FBS value among the cases was 129.55+17.09 mg/dl and the

same among controls was 83.09£8.095 mg/dl.

In our study, the mean Procalcitonin level in the case group was seen to be 1.806+1.236 ng/dl
and among the controls was seen to be 0.163+0.1613 ng/dl. This difference in the
Procalcitonin level was statistically significant (p < .001). We also found that the
Procalcitonin levels had significant association with Waist circumference, Triglycrides, HDL

& FBS values with a p value <.001.

Area under the ROC for Procalcitonin as a diagnostic test was found to be 0.942 which
indicates that it has an excellent prediction value (p< .001). At 0.013 cut off value, we found

that Procalcitonin has a sensitivity of 97% and a specificity of 87.9%.

Abbasi et al. found in one of the earliest investigations on this subject that the metabolic
syndrome, insulin resistance, and obesity are associated with plasma procalcitonin (2010) *°.
631 (19.7%) and 616 (16.9%) of the 3197 men and 3638 women in their study, respectively,
had metabolic syndrome. Participants with elevated procalcitonin levels were seen to be
older, more obese, and more likely to meet metabolic syndrome criteria. They also had

reduced insulin sensitivity, decreased creatinine clearance, greater urine albumin excretion,

and elevated hs-CRP. Procalcitonin levels were seen to progressively rise as waist
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circumference and BMI values increased. Insulin resistance (HOMA-IR and fasting insulin)
and components of the metabolic syndrome (waist circumference, systolic and diastolic
blood pressure, triglycerides, HDL cholesterol, glucose) were found to be substantially linked

with procalcitonin levels.

They came to the conclusion that higher-than-normal plasma procalcitonin levels are linked
to higher obesity metrics, elements of the metabolic syndrome, and an increased chance of
developing insulin resistance and the metabolic syndrome. Plasma procalcitonin may be a
novel marker for persistent low-grade inflammation, adipocyte dysfunction, or both, as

relationships are not entirely dependent on BMI.

In contrast to healthy controls, Bajpai et al. (2018) assessed the relationship between insulin
resistance and plasma Procalcitonin (PCT) and the metabolic syndrome's four main
components—abdominal obesity, dyslipidemia, hypertension, and hyperglycemia '>* Plasma
procalcitonin levels in 53 metabolic syndrome patients (n = 53) were significantly higher
(mean 0.55 + 0.60 nano gram/ml, median 0.156 ng/ml) than in 26 healthy controls (p <
0.001). PCT showed a significant inverse relationship with S.HDL (p<0.05), and a strong
positive correlation with the levels of Insulin Resistance (p<0.01), Waist Circumference, S.
Triglycerides, and S. VLDL (p<0.05). PCT was significantly higher in patients with
microalbuminuria (n=18/53, z = - 7.265) and cardiovascular difficulties (n=16/53, z=-7.137)
compared to cases without problems. This study indicated that elevated levels of plasma
procalcitonin within the normal range are linked to insulin resistance and elements of the
metabolic syndrome, including hypertriglyceridemia, abdominal obesity, low HDL, high

VLDL, and hyperglycemia. As such, it may be a useful biomarker.

In order to test procalcitonin's promise as an inflammatory biomarker for the identification of

low-grade inflammation associated with obesity '** Kassas et al. published a study in 2018
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that examined the protein's role as an inflammatory marker in a group of Egyptian children
with simple obesity. This case-control study comprised fifty obese and thirty-five normal
weight children and adolescents, ages five to fifteen. Obese patients had higher serum PCT
levels, total cholesterol level, triglycerides, LDL-c, hyperglycemia, and Hs-CRP (high
sensitivity-CRP) than did the control group. According to correlation analysis, procalcitonin
significantly positively correlated with insulin (P = 0.00), insulin resistance (HOMA-IR) (P =
0.000), triglycerides (P = 0.00), total cholesterol (P = 0.04), Hs-CRP (P = 0.02), and BMI z-
score (P = 0.02) in the obese group. They came to the conclusion that measurements of
adiposity, Hs-CRP, and insulin resistance were strongly correlated with elevated serum
procalcitonin concentrations. This suggests that PCT may be a useful biomarker for chronic

low-grade inflammation in children and adolescents that is linked to obesity.

1
> and

A study on the correlation between Plasma Procalcitonin and Insulin Resistance
Various Components of Metabolic Syndrome (abdominal obesity, dyslipidemia,
hypertension, and hyperglycemia) was published in 2022 by Vyas et al. Thirty healthy
controls and thirty cases of metabolic syndrome participated in this hospital-based
observational study. They found that patients' mean plasma procalcitonin levels (0.11) were
significantly higher than controls' levels (0.002 ng/ml). The case group had greater waist and
neck circumference values (102.87+5.19 and 42.03+3.08) than the control group (79.67
+7.98 and 37.10+1.35). The following indicators showed a significant (p<.05) connection
with plasma procalcitonin in the case group: waist circumference, neck circumference,
fasting blood glucose, fasting insulin level, S. triglycerides, and S. VLDL. They came to the
conclusion that higher-than-normal plasma procalcitonin levels are linked to higher obesity

metrics, elements of the metabolic syndrome, and an increased chance of developing insulin

resistance and the metabolic syndrome.
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All these study findings are in line with our study findings. They align with observational and
experimental findings suggesting that, even in the absence of sepsis or systemic infection

symptoms, plasma procalcitonin may function as an inflammatory biomarker. '>¢'*°

A recent paper discovered a correlation between the distribution of central body fat and
plasma procalcitonin in women diagnosed with polycystic ovary syndrome. We found a
strong independent connection between procalcitonin and waist circumference, which is

consistent with this.

Page 55



LIMITATIONS

The limitations of our study include a small sample size, done in a single hospital setting.
PCT only acts as an additional marker for the diagnosis of metabolic syndrome, as relying
only on PCT per se is not validated as it is difficult to rule out other ongoing inflammatory
process in body and its cost effectiveness. A larger study with a higher sample size is

required to prove it's efficacy as a diagnostic marker.
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CONCLUSION



CONCLUSIONS
Procalcitonin holds promise as an additional marker for diagnosing Metabolic Syndrome,
reflecting the underlying inflammatory state associated with the condition. While current
evidence says a positive correlation between elevated PCT levels and MetS, further detailed
research is needed to fully understand its role and establish standardized guidelines for its
use. Integrating PCT into the diagnostic framework for MetS could improve early detection,
risk stratification, and monitoring of treatment efficacy, ultimately enhancing patient
outcomes. However, practical challenges related to specificity, standardization, cost, and

clinical integration must be addressed to realize its full potential.
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SUMMARY



SUMMARY

The metabolic syndrome (MetS) is a collection of conditions that increases the risk of heart
disease, stroke, and type 2 diabetes. It includes excessive blood sugar, high blood pressure,
unusually high triglyceride or cholesterol levels, and excess body fat around the waist. Early
detection of MetS is essential to avoid its serious consequences. Traditionally, diagnostic
indicators such as blood pressure, waist circumference, triglycerides, HDL cholesterol, and
fasting glucose are employed. Recently, procalcitonin (PCT) has emerged as a potential
additional marker for MetS diagnosis, offering insights into the inflammatory and metabolic
disturbances underlying the syndrome.

Several clinical studies, including ours, have investigated the relationship between PCT
levels and MetS and a consistent finding across these studies is that PCT levels tend to be
higher in individuals with MetS compared to those without it. These findings suggest that
PCT could serve as a useful additional marker for MetS, complementing traditional
diagnostic criteria. Elevated PCT levels in individuals meeting the criteria for MetS might
indicate a more pronounced inflammatory state, highlighting the need for more aggressive
management of cardiovascular risk factors. Adding PCT to the diagnostic panel for MetS
could enhance early detection and risk stratification. Patients with elevated PCT levels might
be at higher risk for cardiovascular events and diabetes, warranting more intensive lifestyle
and pharmacological interventions. PCT could also be used to monitor the efficacy of
interventions aimed at reducing inflammation and metabolic risk.

Despite the potential benefits, several challenges need to be addressed before PCT can be
widely adopted as a marker for MetS: PCT is a marker of systemic inflammation, not specific
to MetS. Elevated PCT levels can occur in various conditions, including infections and other
inflammatory diseases. Thus, it should be interpreted in the context of other clinical findings

and markers. There is a need for standardized cut-off values for PCT levels in the context of
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MetS. Establishing these thresholds will require large-scale studies across diverse
populations. Measuring PCT levels involves additional costs and laboratory resources. The
cost-effectiveness of adding PCT to routine MetS screening needs to be evaluated. Also, the
role of PCT in conjunction with other established markers of MetS needs to be clearly
defined. This includes understanding how PCT adds value beyond traditional markers and its

impact on clinical decision-making.
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ANNEXURE ‘



PATIENT INFORMATION SHEET

STUDY TITLE: “ PROCALCITONIN AS AN ADDITIONAL MARKER FOR THE
DIAGNOSIS OF METABOLIC SYNDROME, CASE-CONTROL STUDY AT A
TERITIARY CARE CENTRE , TAMAKA , KOLAR ”

STUDY SITE: R.L Jalappa Hospital and Research Centre, Tamaka, Kolar.

This is to inform you that, you require fasting blood glucose, complete lipid profile, plasma
procalcitonin to determine metabolic syndrome and its association with procalcitonin. The
above mentioned investigations are required for the making the early diagnosis of the disease
and for planning of the treatment. Patients who satisfy the diagnostic criteria of metabolic
syndrome referred to department of General Medicine at R.L Jalappa hospital and research
Centre, Tamaka, Kolar to undergo above mentioned investigations and of those patients who
meet the inclusion criteria will be taken for the study.

We are conducting this study for early diagnosis of metabolic syndrome.

If you are willing you will be enrolled in this study and we will do above mentioned
investigations.

You will receive the standard care.

This will facilitate identifying use of plasma procalcitonin in early diagnosis of metabolic
syndrome. It will also benefit other patients with similar condition in future. You are free to
opt-out of the study at any time if you are not satisfied or apprehensive to be a part of the
study. Your treatment and care will not be compromised if you refuse to be a part of the
study. The study will not add any risk or financial burden to you if you are part of the study.
All investigations cost will be beared by principal investigator. In case of any complications

during procedures patient will be treated accordingly.

Your identity and clinical details will be confidential. You will not receive any financial
benefit for being part of the study. You are free to contact Dr. Rupa Kasaraneni or any other

member of the above research team for any doubt or clarification you have.

Dr. RUPA KASARANENI
Mobile no: 9505529767
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CONSENT FORM
Title: - PROCALCITONIN AS AN ADDITIONAL MARKER IN DIAGNOSIS OF

METABOLIC SYNDROME, STUDY HELD AT TERTIARY CARE CENTRE,
TAMAKA, KOLAR

Principal investigator: Dr.RUPA KASARANENI

I, Mt/Ms/Mrs. ..ooovviniiannn.... Have been explained in my own understandable language,
that I will be included in a study which is PROCALCITONIN AS AN ADDITIONAL
MARKER IN DIAGNOSIS OF METABOLIC SYNDROME at RL Jalappa Hospital.

I have been explained that my clinical findings, investigations, findings will be assessed and
documented for study purpose.

I have been explained my participation in this study is entirely voluntary and I can withdraw
from the study any time and this will not affect my relation with my doctor or treatment for
my ailment.

I have been explained about the risk/benefit of the study.

I understand that the medical information produced by this study will become part of
institutional records and will be kept confidential by my said institute.

I agree not to restrict the use of any data or result that arise from this study provided such a
use is only for scientific purpose(s).

I have principal investigator mobile number for enquiries.

I have been informed that standard of care will be maintained throughout the treatment
period.

I, in my sound mind, give full consent to be added in the part of this study.

Investigator: Dr. RUPA KASARANENI

Phone number- 9505529767

Participant’s signature/ thumb impression

Name:

Signature/thumb impression of the witness: Date:

Name:

Relation to patient
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PROFORMA
PROCALCITONIN AS AN ADDITIONAL MARKER FOR THE
DIAGNOSIS OF METABOLIC SYNDROME, CASE-CONTROL STUDY AT
A TERTIARY CARE CENTRE, TAMAKA, KOLAR

Name:

Age:

Sex:

Occupation:

UHID number:

Phone number:

Address:

Complaints with duration:
Previous history:

Family history:

Past history:

GENERAL PHYSICAL EXAMINATION:
Built and nourishment:

Pallor/Cyanosis/Icterus/Clubbing/edema/Generalized lymphadenopathy
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VITAL DATA:
Pulse:
Temperature:
BP:

Respiration rate:

Systemic examination:

Per abdomen:

Respiratory system:

Cardio vascular system:

Central nervous system:

INVESTIGATIONS
COMPLETE LIPID PROFILE:
TRIGLYCERIDES -

HDL —

LDL -

VLDL —

TOTAL CHOLESTEROL -

FASTING BLOOD GLUCOSE -

SERUM PROCALCITONIN -
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WAIST

SNO | (255, | cenoen | SREUNEE | crpes | 0L | B0 | FeS | crrom

[ ] (M| [MG/DL] [ I I ] [NG/ML]
1 55 F 97 248 32 100/70 156 3.5
2 80 M 127 202 43 170/80 107 0.26
3 39 F 110 129 19 150/90 156 4.4
4 40 F 92 168 29 110/70 136 2.081
5 52 M 105 170 34 140/70 140 2.11
6 46 M 95 154 35 120/70 130 3.46
7 52 F 98 140 41 130/80 124 0.14
8 62 F 110 151 43 120/80 121 1.6
9 70 M 97 155 36 120/80 162 4.24
10 54 F 85 150 45 100/70 120 0.01
11 35 F 85 152 40 110/70 115 0.5
12 41 F 91 155 40 110/70 112 0.96
13 55 M 99 171 35 140/80 130 2.27
14 61 M 100 156 32 110/80 140 2.14
15 65 F 86 150 45 140/90 115 1.02
16 44 F 110 162 40 120/90 117 1.56
17 56 M 102 166 37 140/90 121 2.01
18 77 M 96 152 33 150/70 142 3.06
19 55 F 101 160 42 130/90 134 1.56
20 60 F 90 152 45 135/90 120 1.14
21 56 M 96 154 35 130/80 142 2.78
22 60 M 100 162 36 130/80 166 4.12
23 45 F 106 157 44 140/80 100 0.65
24 72 M 102 155 40 120/90 120 0.6
25 67 F 95 152 42 130/80 110 1.26
26 40 F 92 160 46 120/80 105 0.96
27 50 M 110 153 38 110/80 125 1.64
28 71 M 106 158 30 110/70 144 2.95
29 56 F 102 154 47 110/80 120 0.26
30 73 F 90 151 48 100/70 116 1.64
31 35 M 92 162 41 140/90 153 1.42
32 39 F 100 151 32 130/80 144 2.76
33 44 M 96 174 40 150/80 132 0.55
34 45 F 76 143 42 120/80 98 0.04
35 55 M 82 140 48 110/80 99 0.5
36 61 M 85 138 51 120/80 86 0.16
37 50 F 70 150 40 130/80 90 0.24
38 32 M 72 136 50 110/80 84 0.08
39 29 M 78 141 68 100/80 86 0.54
40 60 F 76 139 40 130/80 74 0.02
41 45 M 80 130 49 120/90 73 0.02
42 62 M 77 140 47 120/80 96 0.04
43 36 F 64 126 62 110/90 70 0.001
44 54 M 80 137 50 100/70 84 0.12
45 61 M 86 128 55 120/80 95 0.36
46 77 F 70 143 49 100/80 83 0.004
47 82 M 65 144 45 120/90 90 0.002
48 36 M 74 138 46 110/70 88 0.016
49 55 F 79 150 44 120/70 78 0.18
50 34 M 71 140 51 100/70 80 0.34
51 50 M 77 141 51 120/80 77 0.05
52 37 F 70 143 47 110/80 74 0.134




WAIST

sno | ASE | enber| OROUMFE | eppes | HOL | B2 | FBS oy

[ ] (M| [MG/DL] [ I I ] [NG/ML]
53 49 M 79 135 50 110/80 84 0.5
54 31 F 75 127 54 110/70 81 0.07
55 35 F 72 139 44 120/90 87 0.29
56 44 M 74 144 50 130/80 72 0.09
57 62 M 82 150 47 100/80 97 0.21
58 73 F 75 136 41 120/80 75 0.087
59 42 M 76 140 49 100/60 79 0.034
60 30 M 65 130 60 120/80 80 0.003
61 70 M 70 131 41 100/80 72 0.047
62 52 F 78 137 45 120/80 86 0.02
63 36 M 76 127 54 120/80 80 0.18
64 28 M 77 121 58 120/80 75 0.41
65 45 F 80 136 46 110/80 81 0.309
66 35 F 72 144 40 100/70 88 0.3
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