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ABSTRACT

Background:

Metabolic Syndrome (MetS) is a cluster of condisionincluding obesity,
hypertension, dyslipidaemia, and hyperglycaemizkeld to cardiovascular diseases
and type 2 diabetes. Melatonin, a hormone reguyasiieep, has antioxidant and
metabolic regulatory properties. Urinary melatorievels are a non-invasive
biomarker for melatonin production. This study expHd the relationship between
urinary melatonin levels and MetS in an Indian gapan with high MetS prevalence

and limited melatonin research.

Methods:

A cross-sectional study was conducted at a terttarg hospital in Belagavi, India
(2023-2024). It included 120 MetS patients (NCERPAT criteria). Assessments
included urinary melatonin, blood glucose, lipidofiles, blood pressure, and

anthropometrics. Data were analyzed using SPSRaudtware.

Results:

Among 120 participants (mean age: 58.23 £ 12.6 years; 68.33% male), 74.17% fell
into obesity classes 1 and 2, 85.83% were hypeviensl.67% had low HDL, and
85% were diabetic. Abnormal urinary melatonin levelere found in 41.8%.
Hypertension was higher in the abnormal melatonioug (93.88%) vs. normal
(80.28%) (p = 0.0358). No significant correlatiomsre found between melatonin and

other MetS components (p > 0.05).
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Conclusion:

Abnormal urinary melatonin levels were linked topbBytension but not other MetS
components. The lack of significant correlationsateen urine melatonin levels and
other variables suggests that melatonin levels moaye strongly influenced by these
factors. However, the association with hypertensieeds further investigation to
understand the underlying mechanisms and potenialications for cardiovascular

health
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I ntroduction

INTRODUCTION

Metabolic syndrome (MetS) term was first given i87% by Haller and
Hanefeld. MetS includes obesity, increased bloodsgure (BP), dyslipidaemia,
hyperglycaemia and decreased levels of high defipityprotein (HDL) cholesterol.
The combination of all these risk factors contré@sutto cardiovascular diseases
(CVD), type 2 diabetes , and other complicatioRe ktroke and non-alcoholic fatty
liver disease!>? NCEP ATP Il defines MetS as when an individualetseat least
three of these five criteria: a waist circumfereéenore than 40 inches and of 35
inches for men and women, respectively, BP of ntbem 130/85 mmHg, fasting
triglyceride levels of more than 150 mg/dL, HDL tsierol levels below 40 mg/dL
or 50 mg/dL for men and women respectively, antirfgsblood sugar levels greater
than 100 mg/dL. New criteria was published by In&tional Diabetes Foundation
(IDF) for MetS in 2005, which was similar to the HE ATP Il criteria, consider that
the presence of obesity as important parameter diagnosis, though Insulin

Resistance (IR) is not a mandatory requirenfefit.

The global prevalence of MetS is 25% as givenl I°! A meta-analysis
was conducted in 2022 according to which prevalariddetS is ranging from 12.5%
to 31.4%. In the Eastern Mediterranean Region hadAtmericans the prevalence was
higher which showed a positive correlation with@umtry’s income level. Among
individual components of MetS, the global prevaem@s highest for ethnic-specific
central obesity at 45.1%, followed by elevated Hlgwessure at 42.6%. Low HDL
cholesterol levels had a prevalence of 40.2%. Eselvaerum triglycerides were
observed in 28.9% of participants, and 24.5% hatinfig plasma glucose, levels of

>5.6 mmol/L®
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Systematic review and meta-analysis conducted ridiah population has
reported that the prevalence of MetS at 30%, raniom 13% in the 18-29 age
group to 50% in those aged 50-59 yéarn a study from Kanpur, the prevalence of
MetS was found to be over 408h.Another study reported a MetS prevalence of
37.65%" Studies which was conducted in South Indian pdjmriagives prevalence
rates of 22.1% to 419%7*% Similarly, a northern Indian study reported a pitence
rate of 22.37%*! Prevalence of MetS in a study which was condufitem eastern

coastal india was found to be 43.5%%.

Melatonin is a hormone secreted by pineal glandprimarily known for
regulating the sleep-wake cy¢t?. It also maintains metabolic health by acting as an
antioxidant and anti-inflammatory agétft. Melatonin enhances insulin sensitivity,
improves glucose metabolism, and modulates lipidfilps by decreasing
triglycerides and cholesterol levél8. These effects, combined with its antioxidant
properties, help protect cells from oxidative damamd promote overall metabolic
balancé’® Low melatonin levels are also linked to poor plegiality, which may
contribute to components of MetS. Sleep disturbandbat causes disruption in the

circadian rhythm, can lead to ,an imbalance in bwtsm "%

Urinary melatonin has emerged as a reliable andimaasive biomarker for
assessing systemic melatonin levels, providingghtsi into individual melatonin
production and circadian rhythm integrify. Investigating melatonin levels in
patients with MetS can shed light on the pathopitggical mechanisms underlying
this condition, as disruptions in melatonin seomtmay be linked to metabolic
abnormalities'®?? These urinary levels can effectively serve folyedetection, risk
stratification, and monitoring of the progressiohMetS. By assessing melatonin

levels, healthcare professionals can evaluate rtigact of various interventions—
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such as lifestyle modifications and pharmacologicstments—on metabolic health,

optimising treatment strategies and improving patgitcomes.

Most studies exploring the link between melatomd #etS have focused on
deranged melatonin levels as a marker for the dpwetnt of the syndrome,
primarily in animal models, including rats. Thedadses typically assess melatonin
concentrations in serum and plasma rather thare.ufimere is limited study of
melatonin in the context of MetS, especially iniémdcohorts. While much of the
existing literature on melatonin's role in MetS Hhasen conducted in Western
populations, there is limited research on this dopithin the Indian demographic.
Given the unique genetic predispositions, dietawctices, and high prevalence of

MetS risk factors in India, conducting this studyan Indian population is necessary.

This study investigated the relationship betweenany melatonin levels and
the clinical manifestations of MetS in patientsaatIndian tertiary care hospital. By
focusing on this specific cohort, the research watald the potential of urinary
melatonin as a biomarker for MetS and its assodia@mplications. The findings
aimed to enhance understanding of melatonin'sinotee pathophysiology of MetS,
informing the development of targeted interventiohdditionally, the study sought to
contribute to culturally appropriate prevention aneltment strategies for MetS in
India, where the condition is highly prevalent. itbiately, this research aimed to
improve public health efforts and clinical pracicey advancing knowledge of

melatonin's role in metabolic health within theiamdpopulation.
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Aims & Objectives

AIMS AND OBJECTIVES

To establish whether deranged melatonin levelnsaeker for development of

Metabolic Syndrome.

Page 4



Review of literature

REVIEW OF LITERATURE

The concept of MetS was first introduced by GerBigaven (1988), who
termed it "syndrome X" to describe a constellat@incardiovascular risk factors
occurring simultaneously in the same individiaf! The condition was referred to by
various names, including "the deadly quartet’ byplda and "a silent killer" by
Foster?*?! Given that IR was identified as the underlying hophysiological
mechanism, Haffner et al. gave the term "IR syndrbnThe term "MetS" has
become the most widely accepted for the aggregafionetabolic abnormalities. Dr.
Vague's early observations identified that cenfadldominal) obesity, particularly in
the upper body, was associated with a greater nupfbaetabolic disturbances. The
defining metabolic abnormalities of MetS include, liRnpaired glucose tolerance,

central obesity, dyslipidaemia, and hyperten&oft!

The World Health Organization (WHO) diabetes cotagidn group

established the first internationally acceptednit€in of MetS in 1998

Diagnostic criteria for MetS: MetS is defined and diagnosed according to several

international organisations, each having its owtega.

World Health Organization Criteria (1998)%™: A diagnosis requires the presence
of T2DM, FBG above 100 mg/dL, or impaired glucosketance (IGT), along with at

least two of the following conditions:
« A WHR >0.9 for men or 0.85 for women or BMI over B§fm2,

« Triglyceride levels> 150 mg/dL /or HDL cholesterol < 40 mg/dL for memda

< 50 mg/dL for women.

« BP>140/90 mmHg.
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« Urinary albumin excretion of at least 2@/min or an albumin-to-creatinine

ratio of 30 mg/g or greater.

European Group for the Study of IR Criteria (1999f%%! IR is identified when
insulin levels > the 75th percentile among non-eia@ individuals and is

accompanied by at least two of the conditions:

« Waist circumference 94 cm (men) ok 80 cm (women).

Triglycerides> 150 mg/dL or HDL < 39 mg/dL (both men & women).
« BP>140/90 mmHg or on antihypertensives.

+ FBG>110 mg/dL.

NCEP: ATPIII Criteria (2001) ?®: Presence of at least three of these criteria

confirms diagnosis:

Waist circumference > 102 cm (men) or > 88 cm (wone

Triglycerides> 150 mg/dL.

HDL < 40 mg/dL (men) or < 50 mg/dL (women).

- BP>130/85 mmHg.

FBG> 110 mg/dL; revised te 100 mg/dL (ADA, 2003).

530

American Association of Clinical Endocrinology Criteria (20035 A diagnosis

requires the presence of IGT along with at leastdfthe following conditions:

+  BMI > 25 kg/m?2.
+ Triglycerides> 150 mg/dL and/or HDL < 40 mg/dL (men) or < 50 mg/d
(women).

+ BP>130/85 mmHg.
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International Diabetes Federation (IDF) Criteria (2005§°°": A diagnosis requires
central obesity, determined by waist circumfereateng with at least two of the

following criteria:

Triglyceride levels of 150 mg/dL or higher.

HDL cholesterol levels below 40 mg/dL in men andote 50 mg/dL in

women.

Blood pressure readings of 130/85 mmHg or greater.

Fasting glucose levels of 100 mg/dL or higher.

American Heart Association/National Heart, Lung, am Blood Institute

(AHA/NHLBI) Criteria (2004) BY: At least three of the conditions to be present:

* Waist circumference 102 cm (men) ok 88 cm (women).
» Triglycerides> 150 mg/dL.

* HDL <40 mg/dL (men) or < 50 mg/dL (women).
 BP>130/85 mmHg.

« FBG>100 mg/dL.
Prevalence of MetS

A study by Krishnamoorthy et al. estimated the plernce of MetS it revealed
a pooled prevalence of MetS in India at 30%. Urlpapulations had a higher
prevalence (32%) compared to tribal (28%) and rp@bulations (22%). Gender-
wise, females exhibited a higher prevalence (35&thmared to males (26%). This
study highlights that nearly one in three adultdndia are affected by MetS, with

variations observed based on demographic and gefuigréactord”’
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A study by Ramachandran et al. included 475 paditis aged 20-75 years.
The study found that 41.1% of participants had M&®% had increased WC, 46%
had high TG, 65.5% had low HDL, 55.4 % had hypesi@m and 26.7% had elevated
FPG. Prevalence of MetS was higher in women tham (@#&.5% vs. 36.4%, p=0.03),

and prevalence increased with &gk.

A study by Khan et al. among 420 participants reggbthat 172 individuals
(40.9%) were diagnosed with MetS, with females (b@&mpared to males (26.2%).
The prevalence was higher in > 50 years (31.9%)érylycaemia was the most
common abnormality, present in 29.2% of the totapbylation, with females
exhibiting higher rates of hyperglycaemia, obesatyy elevated triglycerides. Among
those diagnosed with MetS, hyperglycaemia was tbst prevalent factor (71.5%),

while males had higher rates of hypertension andH®L levels®

A study conducted by Sinha et al. in Kanpur rembttes prevalence of MetS
as 38%. It was more prevalent in older populati60.3 + 8.4 years) and females

(35.24%)2!

A study in Chandigarh, India by Ravikiran et altedenined the prevalence
and risk factors for MetS among 2,225 participamtge results showed a prevalence
of 35.8%, 45.3%, and 39.5% based on NCEP ATP lddifred NCEP ATP IIl, IDF
criteria respectively. Central obesity was commoroag females, while elevated BP

was more common in malé&d!

A study by Wasir et al. in North India among 2050bjscts reported
prevalence of MetS as 49.2%. It also identifiedighhprevalence of other MetS

components, such as hypertension, high BMI, hyigéyrteridemia, and low HDL-C,
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even in those without abdominal obesity. The sttmlynd that more cases can be

detected by making WC a non-obligatory criteriod arcluding BM

22

Risk Factors for MetS

A. Modifiable Risk Factors

Factors that can be altered through changes ipédhgon’s lifestyle, medical

interventions, or by taking other preventive measur

1. Obesity and Central Adiposity: The excessive accumulation of visceral fat is

linked to the onset of IR, inflammation, and thesmgulation of adipokines,
all of which contribute to various metabolic abnatities®®! Central obesity
exacerbates lipid dysregulation, characterisechbyeased TG levels, reduced
HDL cholesterol, increased BP and impaired gludoterance. Visceral fat is
not merely a passive storage depot but an actideaime organ. It releases
free fatty acids and inflammatory cytokines that désrupt insulin signalling

pathways, thereby increasing the risk of cardiovsaiseasé’’!

. Dietary Habits: The consumption of out-of-home meals and enemrgysd
fast foods®! along with snacks containing highly processed messturated
and trans-fatty acids, refined carbohydrates, amiusn, has been linked to
postprandial metabolic  disturband®. These disturbances include
dyslipidaemia, subclinical inflammation, and oxigatstress. They contribute
to elevated fasting insulin levels, a key driverRf ultimately increasing the

risk of developing MetS in adult¥:*®!

. Sedentary Lifestyle Physical inactivity, commonly characterised by the

absence of moderate or vigorous physical actiityalong with sedentary
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behaviouLf‘O], has been identified as a risk factor for MetScaxding to a

study, individuals with MetS spend more sedentamet(67%) than those
without MetS (62%), with difference being statistlg significant. They also
have longer sedentary bouts (18 min) than thoskowitMetS (17 min) and
took fewer breaks from sedentary behaviour (P 4)0.0he study concluded
that even after controlling for factors such as, agx, alcohol consumption,
smoking, BMI, diabetes, heart disease, and physamivity, a higher

percentage of sedentary time and fewer sedentagkbrwere significantly

associated with a greater likelihood of M&tS.

. Smoking: Cigarette smokers face a increased risk of dewsjoMetS due to

the direct and indirect effects of smoking on itsigthostic components.
Studies indicate that smoking adversely impactsitypeelated measures, BP,
blood glucose levels, and lipid profilé8. A meta-analysis by Sun et al. found
that smokers are 1.26 times more likely to devétgiS compared to non-
smokers, with the risk increasing further to 1.420ag heavy smokers

(defined as those smoking 20 cigarettes per G3y).

. Sleep Disorders Several studies have investigated the relatignbletween
sleep disorders and MetS. A study reported a sagmif association between
insomnia and MetS. Zou et al. conducted a stuweden among 830 adults
between 50-64 years. The findings revealed tht ddcsleep independently
increased the risk of MetS (OR = 1.97). When pthesnpared adults with
insomnia and without, they found that individualghsinsomnia had lower
HDL cholesterol levels and higher TG levEf$In another study among larger
sample size with age 35 years and above conduct&diwanese, they found

that even after controlling sleep duration insomsyemptoms significantly
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increased the likelihood of meeting each MetS gdteincluding high WC,
low HDL cholesterol, increased LDL cholesterol, Ti®vels, and fasting

plasma glucosé**®!
B. Non-Modifiable Risk Factors

Non-modifiable factors are intrinsic characteristihat cannot be altered but help

predict the risk of MetS.

1. Genetics and Family History A history of T2DM in the family,
hypertension, or dyslipidaemia increases suscéiptitp MetS. Families with
a positive history of MetS have shown a signifibahigher susceptibility to
developing MetS compared to families without a drgtof the condition
(42.63%)*®! Chiu et al. investigated the link between histofgiabetes in the
family and MetS in a cohort of 5000 participantsnirthe Taiwan Biobank.
They conducted the regression analysis and fouatl fhrticipants with a
sibling FH of diabetes, parental FH of diabetesl aimultaneous sibling and
parental FH of diabetes had significantly highedodf MetS, i.e 1.8, 1,7, 2.9

(p =<0.001)*"!

2. Age: Age is contributing factor for MetS, as physidlaj changes such as
decreased metabolic rate and increased body fatr agith ageing. These
changes often lead to IR, hypertension, and dyklginia. Additionally,
lifestyle factors, including reduced physical aityivand dietary shifts, further
heighten the risk. A study conducted in Bangladesported that the
prevalence of MetS and its components increasett wge. Regression
analysis demonstrated association between advaage@nd a higher risk of

MetS in both students and academic staff (p < 08/5)
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3. Ethnicity: Among women, the highest prevalence of MetS wamd in
Asians (41.2%), while the lowest was in Black/Afiicwomen (26.7%§% A
review reported that abdominal obesity is partidularevalent among South
Asians. It highlighted that even with similar BMéviels and lower average
waist circumference compared to Caucasians, Sostané still experience

higher body fat, abdominal adiposity, and cardicuter risk>"

4. Sex Differences Recently, MetS has been more prevalent in men tha
women. Estrogen and testosterone directly influegbecose and lipid
metabolism, with lower estrogen levels or a re&tincrease in testosterone
contributing to IR and a more atherogenic lipidfjeo Hypertension remains
a key risk factor for MetS in both sexes, althoutghprevalence increases
more rapidly in women with age. Menopause and piyc ovary syndrome
(PCOS) are also significant contributors to theedigwment of MetS due to

the effects of sex hormonBd.
C. Hormonal Influences in MetS:

Hormonal dysregulation significantly contributes MetS (MetS), affecting
IR, lipid metabolism, and fat distribution. IR protes hyperinsulinemia, glucose
intolerance, and increased visceral fat. Adipokiniés leptin and adiponectin
influence appetite and metabolism, with leptin stsice and low adiponectin levels
worsening IR and inflammation. Sex hormones alsay ph role: oestrogen in
premenopausal women helps regulate fat distributivhile its decline after
menopause shifts fat to the abdomen, increasingMisk. Elevated androgens in
women with conditions like PCOS are linked to obesand IR, while low

testosterone in men contributes to visceral fatro@ic stress increases cortisol,
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promoting abdominal fat and glucose issues. Hypoillism and growth hormone

deficiencies are also associated with MetS, cautirily to weight gain and I1R?
Pathophysiology of MetS

MetS develops from interactions between genetigirenmental, and lifestyle
factors, like poor diet and inactivity. Excessiaaric intake, particularly leading to
abdominal fat accumulation, is a key trigger fortSIg>** The primary contributors
to MetS include IR, chronic inflammation, and nehoomonal disturbances, which

ultimately increase the risk for CVD and T2DM.

Insulin Resistance: IR impairs glucose and lipidabelism. In adipose tissue,
IR prevents fat breakdown, leading to elevated fatty acids (FFAS) in circulation.
These FFAs interfere with insulin signalling, dexsimg glucose uptake in muscles
and stimulating glucose production in the liver.e®¥ime, this results in beta-cell
dysfunction and increased risk for MetS, contribgtio hypertension, dyslipidaemia,

and atherosclerosi® >

~ T cal i 4 physical
DGenetics QT 2" Dacrivty
Visceral Adiposity Y
/‘ Adipo vn s: i Glucose uptake
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i
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Figure 1: Pathophysiology of Met&®!
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Adipose Tissue: Adipose tissue also acts as anceindoorgan releasing
hormones leptin and adiponectin. In obesity, lepésistance disrupts metabolism,
while low adiponectin levels are associated with dRd inflammation. Elevated
chemerin levels also correlate with MetS. In olyesihd IR, the renin angiotensin
system is activated and contributes to oxidativesst endothelial dysfunction, and

vascular damage, exacerbating MEtS”

Chronic Inflammation: Chronic inflammation is caitto MetS. Elevated
inflammatory markers like IL-6, TNE and CRP are linked to IR and increased
cardiovascular risk. IL-6 and TNHrom adipose tissue impair insulin signalling and
increase FFAs, worsening metabolic dysfunctidnAdditionally, the activation of
Toll-like receptors (TLRs) in response to fatty deciand oxidised LDL triggers
inflammation, contributing to MetS. Gut microbiatessturbances also appear to play a
role by increasing intestinal permeability, allogriendotoxins to activate TLR4 and

further promote inflammatiof§?!
Role of Melatonin in MetS

a. Melatonin Physiology and Production of Melatonin Melatonin is a hormone
predominantly synthesised in the pineal gland.pitsduction is regulated by the
body’s circadian rhythms, with synthesis being atated by darkness and suppressed
by light exposuré®® The amino acid tryptophan is converted into seviatavhich is
subsequently converted into melatonin through deseof enzymatic reactions
involving tryptophan hydroxylase, aromatic L-amiagid decarboxylase, and N-
acetyltransferase. The rhythmic production of nuelat follows the light-dark cycle,
peaking during the night and reaching its lowestele during daylight hours.

Melatonin also functions as an antioxidant by remgvree radicals and protecting
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cells from oxidative damage. This dual functionneélatonin, regulating sleep and

offering antioxidant defence, is crucial for maintag overall homeostasi¥’

Pinealocytes

Tryptophan
1 TPH

5 OH-tryptophan
l AADC

Serotonin

NAT l
AYAcetylserotonin
1 | Hiomr
Melatonin

20--N0CO0>®v

Norepinephrine release
—> increased NAT activity

< Capillary and cerebrospinal
Pineal gland . ¥luid release g

- Circadian clock modulation
- Sleep regulation

- Antioxidative effects

- Immunomodulatory effects
- Oncostatic effects

Retino-hypothalamic
tract

Melatonin

6 OH-melatonin
6 sulfatoxymelatonin

Urinary excretion

20=-=-H>»0>0MO0O| w=-OmMmmTm

Figure 2: Melatonin synthesis and secretion by thpineal gland®®

b. Melatonin and Metabolic Regulation: Melatonin improves insulin sensitivity,
facilitating glucose uptake by peripheral tissugbjch helps protect against [
Additionally, melatonin has significant effects dipid metabolism, including
modulating the activity of enzymes involved in bégh oxidation and storad®! It is
also involved in the regulation of appetite throutghinfluence on leptin and ghrelin
hormones, which are central to the regulation afgen and satiety?® Irregular sleep
patterns can disrupt circadian rhythm and can teadetabolic disturbances as these
are often associated with increased risks of ogeEDM, and CVD'*"® Melatonin
synchronises these rhythms and thus plays a piraectie in maintaining metabolic

health!’"!
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c. Urinary Melatonin as a Biomarker: Urinary melatonin, particularly its main
metabolite 6-sulfatoxymelatonin (aMT6S), has beaeniified as a valuable
biomarker for assessing the function of melatorecretion and its disruption in
various health conditions, including Mef8.Urinary excretion of melatonin is a non
invasive method. Abnormal urinary melatonin levélave been associated with
obesity, IR, and dyslipidaemia. Melatonin levels aeduced in diseases associated

with IR, like MetS*®

The measurement of melatonin levels in urine cavige insights into the
synchronisation of circadian rhythms and metabdalisturbances. Furthermore,
monitoring urinary melatonin may help cliniciansdaresearchers track the impact of
lifestyle factors, such as sleep duration and leppgosure, on metabolic health. This
approach could also offer a method for evaluatiregdfficacy of interventions aimed

at correcting circadian misalignment and improvingtabolic function.
Manifestations of MetS

Signs and symptoms of MetS include a range ofcadinieatures that reflect
underlying metabolic dysfunction. Central obeséigo known as visceral or apple-
shaped adiposity, is a key indicator and involvesessive fat accumulation around
the abdominal region and trunk. This type of fatrlbution is strongly linked to IR
and cardiovascular risks. MetS is also characirise high BP, reduced levels of
HDL cholesterol, elevated fasting serum TG, andamgu fasting glucose or IR,

which may progress to prediabetes or T2BW.

Additionally, MetS is often associated conditiorikel hyperuricemia, or
elevated uric acid levels, can lead to gout andoimonly observed. Fatty liver

disease, particularly NAFLD, is frequently presantl can progress to severe liver
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damage. Polycystic ovarian syndrome (PCOS) is ate@l condition in women,
causing hormonal imbalances and irregular menstryales. In men, MetS may
present as erectile dysfunction due to vascular leordhonal changes. Acanthosis
nigricans, dark velvety patches of skin commonlyrfd on the neck, armpits, or

groin, is another visible sign linked to &

— Fatigue and

*"  Inability to focus

The browning of folds
of skin around the neck,
armpits and etc.

- High blood pressure

Low HDL cholesterol
Non-alcoholic fatty High triglyceride levels
liver disease High fasting glucose levels
'l{ - Central obesity
Amm . (apple shaped obesity)
\ waist: > 0.90 (male)
\\ > 0.80 (female)

f

— Polycystic ovarian
syndrome (in women)
or erectile dysfunction
(in men)

Metabolic syndrome is
diagnosed when at least
three of the following
signs are present

Figure 3: Symptoms of Met&*
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Review of Studies Conducted on Similar Topics

The study by Balliuzek et al. found that patientthwivietS exhibited elevated
levels of 6-oxy melatonin sulfate, the main metébadf melatonin, in their morning
urine samples, indicating increased melatonin prodn at night. Even though
melatonin decreases with age, this trend was obdeeven in older patients. The
study also highlights that the correlation betweeriatonin hypersecretion and MetS
symptoms depends on the patient's age. Melatonelslecould thus be used as a

biological marker and prognostic factor for thegression of Met$?!

A study was conducted among 25 men with MetS amdpemed them to 23
healthy controls. This study investigates the limtween melatonin, leptin, and
insulin secretion. Melatonin secretion was measurgd-oxymelatonin sulfate (6-
OMS) levels in urine samples collected at 4 a.ne Tésults showed that melatonin
secretion increased in both groups but was loweMe&tS patients. A moderate
negative correlation was found between 6-OMS leaal$ plasma insulin and glucose
levels. Additionally, 6-OMS levels had a strong atge correlation with leptin
levels. Multiple regression analysis revealed grtinear relationships between 6-
OMS and both insulin (r = 0.93) and leptin levels 0.95). The study also found that
patients with a peakless melatonin secretion @rdfdd a threefold increased risk of

IR compared to controls (OR = 36,

The study by Robeva et al. aimed to investigate rtiationship between
melatonin in young men with MetS (MS). The resudtsowed no changes in
melatonin concentrations between the two groumhcating that melatonin secretion
remained unimpaired in MetS patiefts.Another study by Robeva et al. found that
melatonin and insulin ratio (night time) was negaly correlated with LDL

cholesterol and total cholesterol and positivelyrelated with HDL cholesterol
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levels. Night-time melatonin levels were also pwsly correlated with night-time
insulin concentrations, a relationship that wasemnaonounced in MetS patients. In
MetS patients, there was negative correlation betmtee difference in melatonin in

day and night with fasting glucose and positivelthvdaily insulin leveld’®

The study by Reutrakul et al. was conducted an@@pgrediabetes patients, it
aimed to assess the link between nocturnal uriGesylfatoxymelatonin and glucose
metabolism. The results showed that higher noctunaary aMT6s levels were
significantly associated with lower fasting insulitower IR and better insulin
sensitivity. However, aMT6s levels were not coredbwith fasting glucose, glucose
response to the oral glucose tolerance test (OGOITHbALc. After adjusting for
BMI, the correlation between higher aMT6s levelsd alower IR remained

significant!™

The study by Mahmood and Hilal included 60 male $/patients (aged 18—
50) and 30 healthy controls. Blood samples weréect@d between 10 P.M. and 1
A.M. to measure serum melatonin, HbAlc, and lipifies. Results showed
significantly lower melatonin levels in MetS patigrf206.55 + 105 pg/ml) compared
to controls (298.82 + 110.4 pg/ml). Additionally et& patients exhibited significantly
elevated HbAlc levels and lipid profiles (p < 0.R0The findings suggest that
reduced melatonin levels, alongside poor glycenvotrol and abnormal lipid

profiles, may contribute to the progression of M&ts

The study by Corbalan-Tutau et al. investigated rdlationship between
melatonin and components of MetS In 70 women (3thout MetS and 40 with
MetS). Salivary melatonin was measured before lufi¢h00) and at night (03:00).
Results showed significantly lower nocturnal metatolevels in women with MetS

compared to those without. Melatonin night/morniagos were positively correlated
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and associated with MetS scores and its compon&rasninished amplitude in daily
MT was linked to metabolic disturbances, includatmnormalities in blood pressure,
glucose, lipid regulation, and hormone levels suaf ghrelin, leptin, and

adiponectir®

Bayon et al. conducted a study which showed sicgnifii interactions between
gender and work schedules in relation to MetS, High, and visceral obesity.
Prevalence of MetS was higher in men working peenanight shifts due to visceral
obesity. Also, compared to permanent day workemm&n on night shifts had an

increased risk of high T&?

Al-Sarraf et al. carried out a cross-sectional wtummong 28 healthy
normoglycemic individuals, 29 with MetS but normpggmic, and 30 with MetS
(pre-diabetic/diabetic). The results showed sigaiiikly higher Melatonin levels in the
MetS group. These were positively correlated with YWC, atherogenicity index of
plasma, and systolic BP (p < 0.05). Melatonin lswskre inversely correlated with

HDL.1!
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MATERIALS AND METHODS

Study Setting: The Medicine Ward of a tertiary care hospital, Médical College,

Belagavi.

Study Design:Hospital-based, cross-sectional study

Study Period: Two years, from February 1, 2023, to December 8242
Study Population: Patients with MetS visiting the hospital.

Sample Size:

Sample size (n) calculation formula:

N=2Z>xP x (+P)
8

Where:

+ n =required sample size
« Z = standard normal variate
+ P =prevalence

« d = margin of error or desired precision (8%)
Taking prevalence from a cross-sectional by Vasah é southern India (22.1%Y

= (1.96x 0.221 x 0.779

0.08 x 0.08

=0.661/0.0064 = 104

Adjustment for dropouts/non-responses (20% increa9e 120
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Sampling Technique: A universal sampling technique was used to selbet t
participants for this study. Every year in hospit@bproximately 120 patients are

diagnosed with MetS.

Inclusion Criteria: The study included patients who were diagnosed WM#tS
according to NCEP ATP IlI criteri§” MetS was considered present if three or more

of the following five criteria were met:

* Waist more than 40 inches or 35 inches for menvesrden respectively
» BP reading$ 130/85 mmHg or higher.

» Fasting triglyceride levels > 150 mg/dL.

* HDL cholesterol levels < 40 mg/dL for men or < 5@/dL for women.

» Fasting blood glucose (FBG) levels >100 mg/dL.

Exclusion Criteria: Patients were excluded from the study if they Heedfollowing

conditions:

Tuberculosis

» Cancer

» Other hormonal disorders

« Patients on antiretroviral therapy (ART), anti-ttdadosis (AKT) drugs,
chemotherapy, or hormone replacement therapy (HRT)

* Renal disorders

» Patients using melatonin supplements

» Patients on antipsychotic drugs
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Variables used in the study:Urinary melatonin levels, FBG levels, postprandial
blood glucose levels, total cholesterol, triglydes, HDL cholesterol, body mass

index (BMI), waist-to-hip ratio (WHR), BP.

Method of data collection: This cross sectional study was conducted in thetgr
care centre in Belagavi. Before enrolment informedsent was taken from all study
participants, ensuring they understood the purppsacedures, and potential risks
related to the study. MetS was diagnosed using\lBEP ATP Il criteria. Patients
meeting the inclusion criteria underwent a serids chinical and laboratory

assessments to measure various parameters redt$ and melatonin levels.

Midstream urine samples (15 mL) were collected fsh participant in the
morning to measure urinary melatonin levels, primgda non-invasive method to
assess melatonin production over the prior 24 hdwyrsusing Melatonin sulfate
ELISA kit by IBL international hamburg,germany. Blb samples were drawn under
aseptic conditions using a 10 mL syringe and aealyfer lipid profiles (including
triglycerides, HDL, and total cholesterol), fastiagd post prandial blood sugar was
measured with glucometer and other biochemical meaters relevant to MetS.
Anthropometric measurements, including BMI and Waiscumference, were
calculated to assess obesity and central fat loligion, while BP was measured with a
standard sphygmomanometer after allowing the pat@nest for at least 5 minutes.
There were no anticipated serious adverse eveAs)Sduring the study, as the data
collection procedures were non-invasive, minimising risk of harm to participants.
The primary laboratory investigations included assgents of urine melatonin levels
to evaluate circadian rhythm and overall melatomroduction, fasting and
postprandial blood glucose levels to measure gilyoaestatus, and a fasting lipid

profile to assess cholesterol and triglyceride leve
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Data Processing and Statistical AnalysisData was entered into Microsoft Excel

and was analysed using SPSS version 22.

» Descriptive Statistics: This included calculating the mean, standard deviat
(SD), median, IQR and correlation coefficients.

* Inferential Statistics: Pearson’s correlation to analyse the relationsleveen
urinary melatonin levels and individual MetS coments. To compare the means
of various groups (e.g., between individuals witetsl and those without), the

independent t-test was applied with p < 0.05 carsid significant.

METHODS: Data is analysed using statistical software R wers#.4.2. and
Microsoft Excel. Categoricalvariables given in the form of frequency tables.
Continuous variables given in Mean = SD /Medianr(MVlax) form. Chi square test
is used to check the association of categoricalabbes. Normality of variable is
checked by Shapiro Wilk test and QQ plot. If datdloivs normal distribution,
parametric tests will be used. Otherwise, non-patem tests will be used. Two
sample t test is used to compare the mean of Jasi@ver urine melatonin level at 24
hours. Mann Whitney U test is used to comparedils&ibution of variables over
urine melatonin level at 24 hours. Spearman’s remkelation test is used to check
the correlation of different variables with urineelatonin level at 24 hours. P-value

less than or equal to 0.05 indicates statisticaliBcance.
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RESULTS

The dataset consists of measurements from 120cisbjehe following table gives

the distribution of subjects according to demograpletails.

Table 1: Distribution of subjects according to demgraphic details.

Variables Sub Category Number of subjects (%)
Age (vears) Mean + SD 58.23+£12.6
gy Median (Min, Max) 58 (29, 86)
Female 38 (31.67%)
Sex
Male 82 (68.33%)

The mean age of the participants was 58.23 + 1@dsy with a median age of 58
years (ranging from 29 to 86 years). In terms ofdge distribution, the study
included 38 (31.67%) females and 82 (68.33%) matekcating a higher proportion

of male participants.

Figure 4: Distribution of subjects according to sex
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The following table gives the distribution of sute according to Anthropometric

Measurements.

Results

Table 2: Distribution of subjects according to Antlropometric Measurements.

Variables Sub Category Number of subjects (%)
Weiaht Mean = SD 74.03 +12.49
9 Median (Min, Max) 73 (44, 106)
Height Mean = SD 163.69 £ 7.5
9 Median (Min, Max) 163.5 (149, 180)
Normal 20 (16.67%)
Overweight 11 (9.17%)
i 0
BM| Obesity class 1 53 (44.17%)
Obesity class 2 36 (30%)
Mean + SD 27.52 £4.05
Median (Min, Max) 27.8 (18.7, 38.3)
Healthy 15 (12.5%)
Waist Unhealthy 105 (87.5%)
Circumference
Mean + SD 95.08 + 7.56
Median (Min, Max) 93 (82, 117)

The mean weight of participants was 74.03 + 12.49 with a median of 73 cm

(ranging from 44 to 106 cm). The mean height wea@%+ 7.5 kg, with a median of

163.5 kg (ranging from 149 to 180 kg).

In terms of BMI categories, only 16.67% of subjduasl a normal BMI, while 9.17%

were overweight. The majority were classified assah with 44.17% in obesity class
1 and 30% in obesity class 2. The mean BMI was2%.8.05, with a median of 27.8
(ranging from 18.7 to 38.3).

For waist circumference, which is an important aador of central obesity, 87.5%
had an unhealthy waist circumference, while onlys%2fell within a healthy range.

The mean waist circumference was 95.08 + 7.56 ath,anmedian of 93 cm (ranging

from 82 to 117 cm).
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Figure 5: Distribution of subjects according to BMI.
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Figure 6: Distribution of subjects according to wast circumference.
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The following table gives the distribution of sufffe according to Blood Sugar

Parameters.

Table 3: Distribution of subjects according to Bloa Sugar Parameters.

Variables Sub Category Number of subjects (%)
<100 4 (3.33%)
>100 116 (96.67%)
FBS
Mean + SD 162.04 + 58.65
Median (Min, Max) 142 (88, 332)
Mean + SD 182.29 + 69.9
PPBS ] _
Median (Min, Max) 156 (102, 430)
Normal 18 (15%)
Prediabetic 24 (20%)
HBALC Diabetic 78 (65%)
Mean + SD 7.88+2.43
Median (Min, Max) 7.2 (4.3,16.7)

Fasting blood sugar (FBS) wa400 mg/dL in 96.67% of subjects, with only 3.33%
having normal FBS levels (<100 mg/dL). The mean F&S 162.04 + 58.65 mg/dL,

with a median of 142 mg/dL (ranging from 88 to 388/dL).

For postprandial blood sugar (PPBS), the mean w#2s29 + 69.9 mg/dL, with a

median of 156 mg/dL (ranging from 102 to 430 mg/dL)

Regarding HbAlc levels, 65% of subjects were indiadetic range, while 20% were
prediabetic, and only 15% had normal levels. ThamidbAlc was 7.88 + 2.43%,

with a median of 7.2% (ranging from 4.3 to 16.7%).
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Figure 8: Distribution of subjects according to HBALC.
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The following table gives the distribution of suitfe according to blood pressure.

Table 4: Distribution of subjects according to bloal pressure.

Variables Sub Category Number of subjects (%)
SBP Mean + SD 147.47 £ 10.95
Median (Min, Max) 146 (120, 180)
DBP Mean + SD 91.92+4.78
Median (Min, Max) 90 (80, 110)

The mean systolic blood pressure (SBP) was 14740.95 mmHg, with a median of
146 mmHg (ranging from 120 to 180 mmHg). The meastdlic blood pressure
(DBP) was 91.92 + 4.78 mmHg, with a median of 90Hg{ranging from 80 to 110

mmHgQ).
The following table gives the distribution of suttie according to duration of DM.

Table 5: Distribution of subjects according to durdion of DM.

Duration of DM Number of subjects (%)
No diabetes 18 (15%)

1-5 years 47 (39.17%)
6-10 years 37 (30.83%)
11-15 years 15 (12.5%)
>15 years 3 (2.5%)
Mean + SD 5.82+484

Median (Min, Max) 5 (0, 20)

15% of subjects did not have diabetes, while 39.h&kh DM for 1-5 years, making
this the most common category. 30.83% had DM fa06rears, while 12.5% had it
for 11-15 years, and only 2.5% had DM for more th&ryears. The mean duration of

DM was 5.82 + 4.84 years, with a median of 5 yéasging from 0 to 20 years).
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Figure 9: Distribution of subjects according to dumtion of DM.
The following table gives the distribution of sutfie according to comorbidity.

Table 6: Distribution of subjects according to comabidity.

Variables Sub Category | Number of subjects (%)

No 17 (14.17%)

HTN
Yes 103 (85.83%)
No 96 (80%)

IHD
Yes 24 (20%)
No 18 (15%)

DM
Yes 102 (85%)

Hypertension (HTN) was the most common conditidfeciing 85.83% of subjects,
while only 14.17% did not have HTN. Ischemic hedigease (IHD) was present in
20% of subjects, with the majority (80%) being frekethe condition. Similarly,

diabetes mellitus (DM) was prevalent in 85% of solg, while 15% did not have

DM.
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Figure 10: Distribution of subjects according to canorbidity.

The following table gives the distribution of suttie according to Lipid profile.

Table 7: Distribution of subjects according to lipd profile.

Median (Min, Max)

132 (11.4, 584)

Variables Sub Category Number of subjects (%)
<40 86 (71.67%)
40-60 33 (27.5%)
HDL >60 1 (0.83%)
Mean + SD 31.99+11.72
Median (Min, Max) 31.5(10, 71)
Normal 72 (60%)
Borderline high 20 (16.67%)
High 27 (22.5%)
TG
Very high 1 (0.83%)
Mean + SD 157.01 £92.93
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Total cholesterol

Normal 110 (91.67%)
Borderline high 8 (6.67%)
High 2 (1.67%)

Mean + SD 135.98 + 45.69

Median (Min, Max)

136.5 (39, 259)

LDL

Normal 87 (72.5%)
Near normal 19 (15.83%)
Borderline high 12 (10%)
High 2 (1.67%)
Mean + SD 78.77 £ 36.99
Median (Min, Max) 78 (3, 177)

Low HDL levels were common, with 71.67% of subjeb@ving HDL below 40

mg/dL, while only 0.83% had levels above 60 mg/@be mean HDL was 31.99 £

11.72, with a median of 31.5 mg/dL. Triglyceridex)Tlevels were normal in 60% of

subjects, but 22.5% had high levels. The mean T&183.01 + 92.93, with a median

of 132 mg/dL. Total cholesterol was normal in mesbjects (91.67%), with only a

small percentage having borderline high or higrelevThe mean total cholesterol

was 135.98 * 45.69, with a median of 136.5 mg/dDLLUevels were also mostly

normal (72.5%), while 10% had borderline high Ilsyednd only 1.67% had high

levels. The mean LDL was 78.77 + 36.99, with a rardif 78 mg/dL.
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Figure 12: Distribution of subjects according to TG
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The following table gives the distribution of sutie according to urine melatonin

level at 24 hours.

Table 8: Distribution of subjects according to urire melatonin level at 24 hours.

Variables Sub Category Number of subjects (%)
Urine melatonin Mean + SD 10.77 £ 17.2
level (ng/ml) Median (Min, Max) 6.35 (0.26, 134)
Abnormal 49 (40.83%)
Urine melatonin Normal 71 (59.17%)
level at 24 hours
Mean + SD 21.5+34.4
Median (Min, Max) 12.7 (0.52, 267.8)

The mean urine melatonin level was 10.77 £ 17.2nhgWvith a median of 6.35
(ranging from 0.26 to 134). Urinary melatonin lee¢l24 hours had a mean value of
21.5 = 34.4, with a median of 12.7 (ranging frod2to 267.8). Urine melatonin
levels at 24 hours were abnormal in 49 (40.83%)estb and normal in 71 (59.17%)

subjects.

Abnormal
| 40.83%

Normal
59.17%

Figure 15: Distribution of subjects according to Uine melatonin level at 24 hours.
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The following table gives the comparison of dempbia details over urine

melatonin level at 24 hours.

Table 9: Comparison of demographic details urine mlatonin level at 24 hours.

Urine melatonin level at 24

hours
Variables Sub Category p-value
Abnormal Normal
Mean + SD
60.84 +12.85| 56.44 £ 12.19
Age (years) Median (Min, 0.0597
Max) 59 (37, 86) 58 (29, 80)
Female 13 (26.53%) 25 (35.21%

Sex 0.3156¢

Male 36 (73.47%) | 46 (64.79%

Abbreviation: t — Two sample t test, C — Chi squa.

The mean age was slightly higher in the abnormdatoein group (60.84 + 12.85
years) compared to the normal melatonin group 66:412.19 years), but the

difference was not statistically significant (p-wal= 0.0597).

In terms of sex distribution, males were more comnmoboth groups, with 73.47% in
the abnormal melatonin group and 64.79% in the mbmmelatonin group, but this

difference was also not significant (p-value = G3)1
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The following table gives the comparison of Anthowopetric Measurements over

urine melatonin level at 24 hours.

Table 10: Comparison of Anthropometric Measurementover urine melatonin

level at 24 hours.

Urine melatonin level at 24 hours
Variables Sub Category p-value
Abnormal Normal
Mean + SD 73.99 +12.82 74.06 +12.35
Weight 0.3362
Median (Min, Max) 76 (54, 106) 73 (44, 99)
Mean = SD 162.98 + 7.55 164.18 + 7.49
Height 0.9730
Median (Min, Max) 162 (152, 180) 166 (149, 179)
Normal 6 (12.24%) 14 (19.72%)
Overweight 5 (10.2%) 6 (8.45%)
0.7571'¢
Obesity class 1 23 (46.94%) 30 (42.25%
BMI
Obesity class 2 15 (30.61%) 21 (29.58%
Mean + SD 27.87 £4.22 27.28 +3.93
0.4420
Median (Min, Max) 28.4 (18.7,38.3) | 27.6 (19.3, 36.6)
Healthy 9 (18.37%) 6 (8.45%)
0.1064
Waist Unhealthy 40 (81.63%) 65 (91.55%)
Circumterencg Mean + SD 93.82 + 7.47 95.96 + 7.55
0.115MW
Median (Min, Max) 92 (82, 110) 94 (82, 117)

Abbreviation: t — Two sample t test, MW — Mann WéytU test, C — Chi square test,

MC — Chi square test with Monte Carlo simulation.

There was no significant relationship between urmeatonin levels at 24 hours and

Anthropometric Measurements (p-values > 0.05).
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The following table gives the comparison of bloodgar parameters over urine

melatonin level at 24 hours.

Table 11: Comparison of blood sugar parameters ovaurine melatonin level at

24 hours.

Urine melatonin level at 24 hours

Variables Sub Category p-value
Abnormal Normal
<100 1 (2.04%) 3 (4.23%)
0.6562'
>100 48 (97.96%) 68 (95.77%)
FBS
Mean + SD 162.24 + 58.62 161.9 £ 59.09
0.855¢"
Median (Min, Max) 142 (92, 332) 142 (88, 308)
Mean = SD 182.31 £+ 64 182.28 + 74.15
PPBS 0.7386"
Median (Min, Max)| 166 (107, 367) | 154 (102, 430)
Normal 7 (14.29%) 11 (15.49%)
Prediabetic 10 (20.41%) 14 (19.72%) 0.9820
HBA1C Diabetic 32 (65.31%) 46 (64.79%)
Mean = SD 7.68 £ 2.29 8.02 £ 2.53
0.5731"
Median (Min, Max)| 7 (4.6, 16.7) 7.3 (4.3, 14.5)

Abbreviation: MW — Mann Whitney U test, C — Chiasgutest, MC — Chi square test

with Monte Carlo simulation.

There was no significant relationship between unredatonin levels and blood sugar

parameters (p-values > 0.05).

The following table gives the comparison of bloadgsure over urine melatonin level

at 24 hours.
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Table 12: Comparison of blood pressure over urine mlatonin level at 24 hours.

Urine melatonin level at 24 hours

Variables Sub Category p-value
Abnormal Normal

Mean + SD 145.92 +9.94 | 148.54 + 11.55
SBP 0.134MW

Median (Min, Max) 140 (130, 180) | 150 (120, 180)

Mean + SD 91.27 + 4.01 92.37 +5.22
DBP 0.2038"W

Median (Min, Max) 90 (86, 110) 90 (80, 110)

Abbreviation: MW — Mann Whitney U test.

There was no significant relationship between urmedatonin levels at 24 hours and

blood pressure parameters (p-values > 0.05).
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The following table gives the comparison of lipicflle over urine melatonin level at

24 hours.

Table 13: Comparison of lipid profile over urine mdatonin level at 24 hours.

Urine melatonin level at 24 hours

Variables Sub Category Abnormal Normal p-value
<40 36 (73.47%) 50 (70.42%)
40-60 12 (24.49%) 21 (29.58%) | 0.4668'C
HDL >60 1 (2.04%) (0%)
Mean = SD 32.16 £ 13.07 31.87 £10.78 0.8946
Median (Min, Max) 30 (10, 712) 33 (10, 53) '
Normal 31 (63.27%) 41 (57.75%)
Borderline high 9 (18.37%) 11 (15.49%)
0.7771'¢
6 High 9 (18.37%) 18 (25.35%)
Very high (0%) 1 (1.41%)
Mean = SD 138.54 + 75.47 169.77 £ 101.84 0. 1229
Median (Min, Max) | 129 (11.4, 457) | 140 (11.4,584)|
Normal 46 (93.88%) 64 (90.14%)
Borderline high 1 (2.04%) 7 (9.86%) | 0.0608
Total
cholesterol High 2 (4.08%) (0%)
Mean = SD 129.06 £48.11 140.76 + 43.64 0.168$
Median (Min, Max) 129 (50, 259) 145 (39, 220) '
Normal 38 (77.55%) 49 (69.01%)
Near normal 7 (14.29%) 12 (16.9%)
0.6952'
LDL Borderline high 3 (6.12%) 9 (12.68%)
High 1 (2.04%) 1 (1.41%)
Mean = SD 73.65 + 38.35 82.3 +35.87 02098
Median (Min, Max) 74 (3, 177) 78 (11, 162) '
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Abbreviation: t — Two sample t test, MW — Mann W&ytU test, MC — Chi square

test with Monte Carlo simulation.

There was no significant relationship between urmedatonin levels at 24 hours and

any lipid profile parameter (p-values > 0.05).

The following table gives the comparison of comdityi over urine melatonin level at

24 hours.

Table 14: Comparison of comorbidity over urine mel#onin level at 24 hours.

Urine melatonin level at 24 hours

Variables | Sub Category p-value

Abnormal Normal

No 3 (6.12%) 14 (19.72%)

HTN 0.0358*
Yes 46 (93.88%) 57 (80.28%)
No 40 (81.63%) 56 (78.87%)

IHD 0.710%
Yes 9 (18.37%) 15 (21.13%)
No 4 (8.16%) 14 (19.72%)

DM 0.0814
Yes 45 (91.84%) 57 (80.28%)

Abbreviation: C — Chi square test, * indicates stal significance.

Hypertension (HTN) was significantly more common the abnormal melatonin

group (93.88%) compared to the normal melatonimgr@®@0.28%), with a p-value of

0.0358.

Ischemic heart disease (IHD) and diabetes (DM) vearelarly distributed between

both groups, with no significant difference (p-vesdu> 0.05).
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Figure 16: Distribution of HTN over Urine melatonin level.

The following table gives the comparison of dumatiof DM over urine melatonin

level at 24 hours.

Table 15: Comparison of duration of DM over urine nelatonin level at 24 hours.

Urine melatonin level at 24 hours
Duration of DM p-value
Abnormal Normal
No diabetes 4 (8.16%) 14 (19.72%)
1-5 years 22 (44.9%) 25 (35.21%)
6-10 years 14 (28.57%) 23 (32.39%)| 0.3718'°
11-15 years 7 (14.29%) 8 (11.27%)
>15 years 2 (4.08%) 1 (1.41%)
Mean + SD 6.45 +5.03 5.38 +4.68
0.2433W
Median (Min, Max) 5 (0, 20) 5 (0, 20)

Abbreviation: MW — Mann Whitney U test, MC — Chi@e test with Monte Carlo

simulation.
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The distribution of diabetes duration was similatvieen both groups (p-value =
0.3718). The mean duration of diabetes was 6.4508 Yyears in the abnormal
melatonin group and 5.38 * 4.68 years in the normalatonin group, with no

significant difference (p-value = 2433).

The following table gives the correlation of urimeelatonin level at 24 hours with

different variables.

Table 16: Correlation of urine melatonin level at 2 hours with different variables.

Variables Correlation coefficient p-valueS”
Age -0.1395 0.1286
Weight -0.0130 0.8877
Height 0.0907 0.3244
BMI -0.0706 0.4436
Waist Circumference 0.1074 0.2427
FBS 0.0024 0.9794
PPBS 0.0026 0.9777
SBP 0.0045 0.9611
DBP 0.0880 0.3391
HDL -0.0264 0.7749
TG -0.0018 0.9846
Total cholesterol 0.0547 0.5532
LDL -0.0196 0.8314
HBA1C 0.0954 0.2998
Duration of DM -0.0700 0.4471
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Abbreviation: SP — Spearman’s rank correlation test indicates statistical
significance.

Most of the variables, including age, weight, héid@MI, waist circumference, blood
sugar levels (FBS, PPBS, HBA1C), blood pressureP(IBBP), lipid profile (HDL,
TG, total cholesterol, LDL), and diabetes duratisinowed no significant correlation

with urine melatonin levels at 24 hours (p-valugs05).
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DISCUSSION

In this study, the mean age of the participants 5883 + 12.6 years, ranging
from 29 to 86 years. The study included 31.67% temand 68.33% males indicating
a higher proportion of male participants. This esponds with the literature that
MetS has been seen in as low as 18 years as wdllitsaprevalence increases with
age. However, contrary to our findings, recentrditere suggests that prevalence is

consistently significantly higher among women theen in India”%

The majority of the study population (74.17%) fielfo obesity classes 1 and
2, which is consistent with the strong associabetween obesity and MetS. These
findings are in line with a study by Mata et alhieh reported a higher prevalence of
MetS among pre-obese (56.9%) and obese (62.4%)sdthighlighted a significant
burden of MetS, even in individuals with normal BRfl Similarly, Meigs reported
that among 638 obese individuals, 63% had MEtDbesity, particularly visceral
adiposity, is a key driver of insulin resistanaglammation, and dyslipidemia, all of

which are central to the pathophysiology of MEt5.

For waist circumference, in this study, 87.5% attipgpants had an unhealthy
waist circumf.erence. Studies have reported thastwarcumference is a stronger
predictor of metabolic risk than overall obesitg,\asceral fat is more metabolically

active and contributes to insulin resistance, gigimia, and hypertensitf!
Blood Sugar, Blood pressure, Comorbidity and Lipidprofile

In this study, FBS was100 mg/dL in 96.67% of subjects, mean FBS was
162.04 + 58.65 mg/dL. For postprandial blood sU§#BS), the mean was 182.29 +
69.9 mg/dL. Regarding HbAlc levels, 65% of subjegtse in the diabetic range,

20% were prediabetic, and 15% had normal levelsodgnthe study participants,
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39.17% had DM for 1-5 years, followed by 30.83% wiaal DM for 6-10 years. The
findings highlight a strong association between®/and diabetes, which is consistent
with existing literature. A review reported a pablprevalence of MetS of 64.49%
among individuals with type 2 diabetes mellitus I\).%% Another study found the
prevalence of MetS to be 60.62% among T2DM patiéfténother study reported

an even higher prevalence, with 87.5% of T2DM pasidaving Met$™

In this study, the mean SBP was 147.47 + 10.95 mr{idgge: 120-180
mmHg), and the mean DBP was 91.92 + 4.78 mmHg &aB0-110 mmHg). The
mean SBP falls within the Stage 2 hypertension goate (SBP >140 mmHgQ)
according to the American College of Cardiology &)Cand American Heart
Association (AHA) guidelines, indicating that masirticipants had poorly controlled
hypertension. The mean DBP falls within the Stageyfiertension category (DBP
>80 mmHg), reflecting a high prevalence of hyperi@msin this population.
Hypertension is a key component of MetS and a nréggkrfactor for CVD and stroke.
These findings are consistent with studies repgritigh prevalence of hypertension
in MetS patients. Basu et al. reported hypertenamithe most prevalent component
of MetS, affecting 98.55% of individuaf&! Thakur et al. found that MetS was
present in 68.6% of hypertensive patients basethodified NCEP-ATP Il criteria
and 63.6% based on IDF critel{d. Pemminati et al. reported an overall hypertension
prevalence of 65.8% in individuals with Mé®8. These findings highlight the strong

association between MetS and hypertension.

In this study, HTN was the most common conditiofieaing 85.83% of
subjects, while 14.17% did not have HTN. SimilaBM was prevalent in 85% of
subjects, while 15% did not have DM. This is ineliwith a study by Basu et al.,

hypertension was the most prevalent component délméc syndrome (98.55%),
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followed by abdominal obesity (94.57%), diabetes llime (89.40%), and

hypercholesterolemia (25.47%5.

We found that Low HDL levels were common, with 786 of subjects
having HDL below 40 mg/dL. While 60% of participariiad normal TG levels (<150
mg/dL), the mean TG level was slightly above themmal range. Total cholesterol
was normal in most subjects (91.67%), and LDL Iswekre also mostly normal
(72.5%). The high prevalence of low HDL cholestei® consistent with the
dyslipidaemia pattern seen in MetS. It is oftervelni by insulin resistance, obesity,
and elevated triglyceride levels. HDL cholesterdayp a protective role in
cardiovascular health by promoting reverse chalektéransport and reducing
inflammation. Low HDL levels significantly increaske risk of atherosclerosis and
CVD.P>*® A study by Mani et al. found that low HDL-P is Emendently linked to
the development of metabolic syndrome (MetS) aditsrounting for traditional risk

factors, lipid levels, adiposity, inflammation, aingulin resistance marker&!
Urine melatonin level at 24 hours

In this study, the mean urine melatonin level Wag'1 + 17.2 ng/mL, ranging
from 0.26 to 134 ng/mL. The mean urinary melatdewel in this study population
was relatively low, with a wide variability. Lowemelatonin levels have been
associated with metabolic disturbances, includingulin resistance, obesity, and
hypertensiod®®” Some individuals had very low levels (e.g., 0.28mL), while
others had relatively high levels (e.g., 134 ng/mhis variability may reflect
differences in circadian rhythm regulation, sleamldy, or underlying metabolic

abnormalities.
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In this study, urinary melatonin levels at 24 howesre abnormal in 40.83%
and normal in 59.17%, which may indicate that nuelat dysregulation is not
universal in MetS. Abnormal melatonin levels mayntcibute to disrupted sleep
patterns, impaired glucose metabolism, and incrteaselative stress, all of which are
relevant to Met$® These studies have reported altered melatoninlisleire
individuals with metabolic disorders. The studyBalliuzek et al. highlighted that the
correlation between melatonin hypersecretion andSvVeymptoms depends on the
patient's age. Melatonin levels could thus be uaeda biological marker and
prognostic factor for the progression of M&®S.However, a study showed no
changes in melatonin concentrations between the d¢naups, indicating that
melatonin secretion remained unimpaired in Met$ep£ﬂ[77] A study by Mahmood
and Hilal showed significantly lower melatonin léven MetS patients (206.55 + 105

pg/ml) compared to controls (298.82 + 110.4 pg/il).

Comparison of Demographic, Clinical Characteristicsand Urine Melatonin

Levels

In this study, the mean age was slightly highetha abnormal melatonin
group (60.84 + 12.85 years) compared to the nomwatonin group (56.44 + 12.19
years), but the difference was not statisticalgndicant (p-value = 0.0597). Males
were more common in both groups, with 73.47% indbaormal melatonin group
and 64.79% in the normal melatonin group, but tHiference was also not
significant (p-value = 0.3150). Urine melatonirvdés at 24 hours showed no
significant relationship with anthropometric measuents, blood sugar parameters,
blood pressure, or lipid profile. The lack of arsfgcant relationship suggests that
melatonin dysregulation may not directly influeniteese metabolic parameters in

MetS patients.
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Hypertension was significantly more common in tHen@mal melatonin
group (93.88%) compared to the normal melatonirugr¢80.28%) (p = 0.0358).
However, no significant differences were observethe distribution of IHD, DM, or
diabetes duration between the two groups (p-valwe$.05). The significant
association between abnormal melatonin levels aypertension highlights the
potential role of melatonin in blood pressure ratjoh. This aligns with the

literaturel®®°
Correlation of Urine Melatonin Levels with Variables

In this study, the correlation coefficients for a#iriables are close to zero,
ranging from -0.1395 to 0.1074, indicating weaknegligible relationships between
urinary melatonin levels and the measured variaest variables, including age,
weight, height, BMI, waist circumference, blood audevels (FBS, PPBS, HbA1c),
blood pressure (SBP, DBP), lipid profile (HDL, T@tal cholesterol, LDL), and
diabetes duration, showed no significant corretatigth urine melatonin levels at 24
hours (p-values > 0.05). A multinational study népd that mean melatonin
concentration was found to negatively correlatenveite, weight, and height® A
study reported that lower melatonin secretion wakependently associated with a
higher risk of developing type 2 diabet®! Similarly, another study reported that
melatonin levels are independently and inverselysoeated with incident

hypertensiof'?

The lack of significant correlations in our studyggests that melatonin
dysregulation in MetS patients may be influenceddwntors not captured here, such
as circadian rhythm disruption, sleep quality, aidative stress. Melatonin levels
may act as an independent marker of metabolic theather than being directly

linked to specific anthropometric or metabolic paeders. Although the correlation
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analysis did not show a significant relationshipwsen melatonin levels and blood
pressure, the earlier finding of a higher prevadenot hypertension in the abnormal
melatonin group suggests a potential indirect lpdssibly mediated by mechanisms
such as endothelial function or oxidative stresgufe research should explore the
complex interplay between melatonin, circadian g, and metabolic health, using
longitudinal designs and additional biomarkers @&itdr understand its role in the

pathophysiology of MetS.

STRENGTHS

1. The use of standardized diagnostic criteria, NCEPPAlll criteria for
diagnosing Metabolic Syndrome (MetS) ensures coaiplity with other

studies.

2. The study employs urinary melatonin levels as a-ingasive biomarker,
reducing patient discomfort while providing valuabhsights into melatonin

metabolism.

3. Inclusion of multiple metabolic parameters (bloddcgse, lipid profile, BMI,
WHR, and blood pressure) allows for a holistic gsal of MetS and its

potential association with melatonin levels.

4. The universal sampling technique ensures thatligibke patients diagnosed
with MetS during the study period were includediugng potential selection

bias.
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LIMITATIONS

1. Cross-Sectional Design limits the ability to esisthblcausal relationships

between urine melatonin levels and other variables.

2. Other unmeasured factors (e.g., sleep patternsardidabits, or physical

activity) may influence melatonin metabolism andaelic parameters.

3. Melatonin levels were measured only once (at 24rd)pwhich may not
reflect long-term melatonin patterns. Repeated oreasents over time could

provide a more accurate assessment of melatonirssta

4. The Melatonin — sulfate ELISA kit does not provigeecific range for our

study population.

5. Although urine melatonin typically decreases withea,our study shows

significant variation in melatonin levels regardies age
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CONCLUSION

This study reveals a high prevalence of metabolisorders among
participants, with 83.33% being overweight or ohe&®83% having hypertension,
71.67% exhibiting HDL <40, and 85% diagnosed withbetes. Additionally, 41.8%
of participants had abnormal urine melatonin levieldicating possible disruptions in
melatonin metabolism. The study found that abnoromade melatonin levels at 24
hours were significantly associated with hypertendiut not with other demographic,
anthropometric, blood sugar, lipid profile, or cabidity parameters. The lack of
significant correlations between urine melatonivele and other variables suggests
that melatonin levels may not be strongly influehdey these factors in this
population. However, the association with hypertmseeds further investigation to
understand the underlying mechanisms and potenijalications for cardiovascular

health.
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SUMMARY

1. Demographic and Anthropometric Factors:

o The mean age of participants was 58.23 = 12.6 yewth a higher
proportion of males (68.33%).

o Most participants were obese, with 74.17% fallingpiobesity classes
1 and 2.

o Unhealthy waist circumference was observed in 87d&%ubjects,
indicating a high prevalence of central obesity.

2. Blood Sugar Parameters:

o The majority of participants had elevated fastingod sugar (FBS
>100 mg/dL in 96.67%) and HbAlc levels (65% diahet®®%
prediabetic).

3. Blood Pressure, lipid profile and DM:

o Hypertension (HTN) was prevalent in 85.83% of satgeand it was
significantly more common in the abnormal melatagiaup (93.88%)
compared to the normal melatonin group (80.28%; (p0358).

o No significant differences were found in lipid pief parameters
(HDL, TG, total cholesterol, LDL) between the twelatonin groups
(p-values > 0.05).

o The duration of diabetes, the presence of IHD amndl §howed no
significant differences between the two melatomougs (p-values >
0.05).

4. Urine melatonin levels at 24 hours showed no sicguiit correlation with age,
weight, height, BMI, waist circumference, blood audgevels, blood pressure,

lipid profile, or diabetes duration (p-values >%).0
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ANNEXURE — | - INFORMED CONSENT FORM

Name of Student/Principal Investigator: |
Name of Guide/Co Investigators:

Introduction:

The study is aimed at identifying the patients with metabolic syndrome and subjecting them to
investigations and clinical examination in whom we will be evaluating the role of melatonin as
a possible risk factor in development of metabolic syndrome.

Explanation of procedure:

+  The patient will be explained about the procedure in the best possible language they

understand

*  Urine sample will be collected at morning 1* urine mid stream sampel or melatonin levels

*  The blood will be drawn using 10 ml syringe using all aseptic precaution and it bill be
evaluated for BSL and lipid profile.

*  BMI, Waist hip ratio will be evaluated.

* Using above data patient will be diagnosed as a metabolic syndrome, and further
correlation with melatonin levels will be established using statistical analysis.

Withdrawal from participation in the study:

+  Theright to participate and withdrawal from the study group is a prerogative of the

patient.
+ Patient can exercise his/her right to withdrawal from the study with proper intimation

to the principal investigation
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Possible benefits from participating in the study:
» As such the study is safe and patient who is diagnosed with metabolic syndrome along
with deranged melatonin levels if found, will be advised to follow up to medicine OPD

regarding diet and lifestyle modification and medical treatment if required.
*  So basically it’s a win-win situation for participant.

Possible risks from participating in the study: There are no risks involved in participating in

this study.

Privacy and confidentiality: The information collected from you will be coded, to prevent

any person to identify you. Your identity will never be revealed. The data collected from you

will be kept confidential and only processed or aggregated data will be used for publication.
Financial incentives: You will not receive any payment for participating in this study.

Cost of investigations dore during the course of study will be paid by the principal investigator .
Results obtained after processing of the

aggregated data will be published for scientific purpose and or presented to scientific groups.

However, your identity will never be revealed.

Questions: In case of any questions with regard to this study. you are free to contact: “Name
of student/P1, mobile number, email ID” If you have any question or complaints with regard
to your right as study participant you may contact Dr Harsha Hegde, Chairperson, Ethical
committee of INMC, 0831-2473777 Extension 4052.

Legal rights: By signing this consent form, we are not waving any of your legal rights.
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CONSENT STATEMENT

TO STUDY THE CORRELATION OF URINE MELATONIN WITH ME TABOLIC
SYNDROME AND ITS MANIFESTATION AT TERTIARY CARE HOS PITAL-
A CROSS SECTIONAL STUDY

My signature below indicates that I have decided to participate
and [ have read the information provided above or the information provided above has been read to
me inthe language that I understand best. I was given the opportunity to ask questions and that they
have been answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the participant:
Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE — Il — DATA COLLECTION FORMAT

Annexures

Demographic Details
Name of the patient :

IP Number:

Age:

Sex:

Address:

Occupation:

Phone Number:

Date:

Chief Complaints:

Past History

Personal History

Treatment History

Vitals:

1 Temperature

I Pulse

s

Blood Pressure

Respiratory Rate

Physical Examination:

Index

Yes

Pallor
Icterus

Cyanosis

Clubbing
Lymphadenopathy

Edema
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e Systemic Examination:
CVSs

RS

P/A

CNS

8. Any History of Ischemic Heart Disease:
9. Any History of Stroke:
10. Risk Factors:

Smoking Alcohol Hypertension

Thyroid Disease Stroke Cardiovascular Disease
High Cholesterol/Triglycerides

Diabetes Others:

e Investigation and Anthropometrey

URINE MELATONIN AT 6 AM R
HDL .

LDL 5
CHOLESTEROL . )

TG , .

HBAIC .

FBS P

BMI R -
HIEGHT p

WEIGHT .

WAIST CIRCUMFERENCE . -
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e DIAGNOSTIC CRITERIA FOR METABOLIC SYNDROME

METABOLIC SYNDROME
CRITERIA [

HYPERTENTION

HDL

TG

FASTING BLOOD SUGAR

-
| WAIST CIRCUMFERENCE
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ANNEXURE — Il

MASTER CHART
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o) T T % ) o) ) %’ T
L < — wn o o - — — pzd ) c <

5| = |S|8|g|c|B|E|E|E|B|8|2|F|5(52|8|B|E|Z| 2 |3
=z = - s | s

1 |10076460] 48 | M | 65 | 170 | 225| 93 | 117 | 165| 140 | 88 | 39 | 134 | 162] 78 | 43| 0 |YES| YES| 8.9335 | 17.86
2 |10061760] 58 | M | 98 | 170 | 33.9| 108 | 98 | 103| 130| 90 | 36 | 123| 154| 102| 48| 4 |YES 4582 | 9.16
3 |10071725] 40 | M | 90 | 168 | 29.9| 103 | 104 | 137 | 130| 90 | 25 | 129| 119] 66 | 49| 0 |YES YES| 8527 | 17.054
4 |10074592] 44 | M | 702| 164 | 26.1| 104 | 104 | 134 | 142| 90 | 15 | 134| 255| 74 | 49| 2 |YES 30.155 | 64.31
5 [10072722] 72 | M | 80 | 163 |30.1| 110 | 92 | 107 | 150| 90 | 33| 62 | 62| 24 | 51| 2 |YES 3.7465 | 7.48
6 |10075716] 52 | M | 76 | 158 | 30.4| 98 | 128 | 129 140| 90 | 34 | 153| 196| 143| 52| 0 |YES YES| 22285 | 4.45
7 |10080362] 58 | F | 58 | 154 | 24.4| 92 | 119 | 123| 150| 90 | 43| 89 | 154| 91 | 54| 2 |YES 4099 | 818
8 |10076907] 59 | M | 695| 160 | 27 | 98 | 112 | 108 150| 90 | 49| 67 | 132| 82 | 55| 0 |YES 20365 | 586
9 |10076668] 45 | M | 86 | 173 | 28.7| 104 | 103 | 112 140| 90 | 32 | 205|137| 93 | 56| 0 |NO 3281 | 656
10 |10077656] 73 | M | 73 | 158 | 29.2| 92 | 123 | 134 | 140| 90 | 20| 105| 84 | 34 | 57| 4 |YES YES| 104 | 208
11 |10080116] 54 | M | 56 | 160 | 21.9| 89 | 122 | 138 | 140| 90 | 39 | 451 | 186] 109| 5.7| 3 |YES 408 | 816
12 |10078537] 72 | M | 106 | 180 | 32.7| 110 | 116 | 140| 160| 90 | 71| 99 |173] 92 | 57| 6 |YES 3.3685 | 6.72
13 |10081276] 56 | M | 88 | 172 | 29 | 92 | 117 | 123|180 90 | 23| 239|153] 58 | 57| 0 |YES 4242 | 848
14 |10072650] 39 | M | 70 | 162 | 26.7| 89 | 119 | 127 ] 138 | 90 | 34 | 66 | 184] 136] 58| 0 | NO 12.0535| 24.1
15 |10074226] 62 | M | 86 | 173 | 28.7| 92 | 113 | 124 | 140| 90 | 18| 121|120] 84 | 58| 4 |YES 47065 | 9.4
16 |10075980] 31 | M | 67 | 173 | 224| 92 | 120 | 145| 140| 90 | 26| 105| 98 | 59| 6 | 0 |NO 14.3685| 28.72
17 |10061830] 51 | M | 96 | 167 | 344 102 | 121 | 167 | 160| 90 | 48 | 142 |217]150| 6 | 5 |YES 22035 | 258
18 |10083125] 75 | M | 90 | 172 | 30.2| 105 | 100 | 108 | 160| 90 | 43| 96 | 91| 30| 6 | 0 |YES YES| 48835 | 9.76
19 |10076146] 57 | M | 59 | 170 | 20.4| 97 | 114 | 130| 160| 90 | 26| 88 |101] 63| 6 | O |YES 133.998| 267.8
20 |10078296] 35 | M | 99 | 175 | 32.3| 108 | 103 | 110 160| 90 | 31 | 193] 189] 141| 6 | 0 |YES 81534 | 163
21 |10083607| 54 | M | 78 | 176 | 25.2| 92 | 114 | 126| 150| 90 | 30| 72 | 130] 82 | 61| 6 |YES 3115 | 6.23
22 [10077633] 45 | M | 80 | 178 | 25.2| 96 | 123 | 156 | 140| 90 | 42 | 160| 198] 141| 62| 3 |YES 26275 | 524
23 |10075959] 44 | F | 60 | 154 | 25.3| 94 | 115 | 119 140| 90 | 42 | 104| 117] 69 | 62| 5 |YES 2567 | 5134
24 |10078930] 61 | M | 72 | 168 | 255] 98 | 112 | 102| 138| 90 | 39| 70 | 86 | 40 | 63| 6 |NO| YES|20.1815| 40.36
25 |10070649] 63 | M | 72 | 158 | 288 82 | 112 | 118| 150| 90 | 18 | 188 | 161] 89 | 64| 2 |YES 0542 | 1.084
26 |10059555] 38 | M | 87 | 172 | 29.4| 90 | 120 | 145| 140| 90 | 10| 190| 93 | 20 | 64| 2 |YES 25615 | 512
27 |10083556] 43 | F | 82 | 172 | 27.7| 96 | 128 | 138 150| 90 | 40 | 251 | 196 117| 64| 0 |YES 65575 | 13.1




28 110076905 52 | M | 76 | 169 | 26.6| 92 | 112 [ 129 150 90 | 47| 111 |130| 74 | 6.4 | 13 |YES 24.3245| 48.6
29 110072126 70 | M | 82 | 162 | 31.2| 94 | 142 | 150 140 90 | 27 | 106| 91 | 53 | 6.6 | 15 |YES| YES| 11.6745| 23.2
30 |10081543| 58 F | 78 | 158 | 312| 86 | 123 | 128|140| 90 | 29| 59 | 98 | 59 | 66| 7 |[YES 57.251 | 1145
31 |10077680|] 65 | M | 56 | 170 | 194 | 82 | 112 | 116 136( 90 | 13| 226| 78 | 10 | 6.7 | 12 |YES 0.342 | 0.68
32 110076475 34 | M | 82 | 172 | 27.7| 94 | 128 | 132 | 140 90 | 37| 188 | 116| 58 | 6.7| 3 |YES 9.861 | 19.72
33 |10076997] 64 | M | 82 | 170 | 284 89 | 200 [ 289 | 170 [ 100| 36 | 135|154 100| 6.7 | 8 |YES 0.297 | 0.594
34 110076338] 70 | M | 87 | 170 | 30.1| 102 | 146 [ 166 | 140 96 | 25| 118 | 93 | 52 | 6.8 [ 13 | NO 106.94 | 213.8
35 |10079022| 53 F |548] 158 | 22 | 83 | 137 | 147 | 140| 90 | 27 | 292 | 152| 87 | 68| 2 [NO 10.598 21
36 |10076071| 46 F | 63| 158 | 252 | 108 | 121 | 145|150 | 90 | 36 | 144 |166|114| 69| 8 |YES 13131 | 26.6
37 110051284 42 | M | 76 | 154 | 32 | 88 | 162 | 189 160 [ 100| 40| 72 | 157 110| 69| 2 |YES 1272 | 254
38 110080640] 60 | M | 86 | 168 | 30.5| 90 | 120 [ 156 140 90 | 25| 111 |152[{106| 7 | 5 |YES 4.091 | 8.18
39 |10080376| 79 F | 60 | 154 | 253| 104 | 115|165 140| 90 | 51| 97 | 93| 39| 7 | 8 |[YES 3575 [ 7.15
40 (10077389 54 | M | 524 149 | 234 94 | 132 | 140| 160 | 90 | 44 | 163 [170|100| 7.1 | 1 |YES 4.072 | 8.14
41 [10080104| 76 | M |56.8| 168 | 20.1| 96 | 132 | 137 [ 134| 90 [ 32| 49 [ 91 | 54 | 72| 2 |YES| YES| 42.306 | 84.6
42 110083117] 58 | M | 92 [ 170 | 31 | 94 | 134 | 178 | 140 | 90 | 27 | 146 [ 178]|109| 7.2| 5 |YES 3.0225 [ 6.04
43 |10075588| 66 F | 75| 154 | 316| 108 | 112 | 126| 150 | 100 | 24 | 157 | 136| 78 | 7.2| 7 |YES 12.667 | 25.32
44 110062191| 58 F | 8 | 158 | 328| 90 | 178 | 200| 150 | 100 | 41 | 147 145| 88 | 7.3 | 2 |[YES YES| 4.8265 [ 9.64
45 (10081142 78 | M | 66 [ 179 | 206 94 | 150 | 167 | 170| 90 [ 16 | 63 [ 62 | 33 | 7.3 | 12 |YES| YES| 6.769 135
46 |10081372| 52 F [59.2] 166 | 215| 83 | 207 | 233|150 | 100| 25| 144 |121| 79 | 74| 7 |YES 15993 | 31.8
47 [10072209] 86 | M | 78 | 172 | 26.4| 84 [ 218 | 114 [ 150| 90 [ 21| 95 [ 98 | 55| 74 [ 20 |YES| YES| 0.8965 | 1.78
48 [10080413| 72 F | 60 | 154 | 253]| 96 | 163 | 234| 140| 90 | 50 | 175]|168| 110| 7.6 | 15 |[YES YES| 249 4.98
49 [10080005| 59 F | 543] 158 | 224 | 86 | 186 | 236| 140| 90 | 22| 240|120 63 | 76| 8 |[YES 0.26 0.52
50 |10077497] 70 | M | 70 | 166 | 254 | 95 [ 132 (134|140 90 | 29| 66 | 72| 36 | 7.6 | 10 |YES YES| 1.7745 | 354
51 |10060095| 55 | M | 88 | 172 | 29.7| 92 | 180 [ 196 160 | 90 | 36 | 140 | 127| 67 | 7.7 | 4 |YES 7071 | 14.14
52 110076755 75 | M | 77 | 157 | 31.2| 93 | 200 [ 234 | 150 [ 90 | 58 | 108 | 259( 177| 7.8 | 10 |YES 2.52 5.04
53 |10076443| 56 F | 57 | 153 | 243| 92 | 123|120 150| 100| 32 | 217|191|133| 79| 6 |[YES 19.055 | 38.11
54 110079899| 70 F | 68| 152 | 294 | 99 | 282 | 304| 150| 100| 48| 130 162| 90 | 81| 6 [YES YES| 6.8105 [ 13.62
55 |10081265| 56 F [56.8] 160 | 234 96 | 240 | 278 | 140| 90 | 30| 164 | 169(110| 82| 8 [YES YES| 3.2665 | 6.52
56 110059891 78 | M | 104 | 168 | 36.8| 110 | 160 [ 231 | 160 | 90 | 30 | 231 |129| 75 | 84| 10 |YES 1.545 | 3.09
57 |10080917] 49 | M | 58 | 154 | 245| 89 | 178 (291 | 138 90 | 12| 146| 50 | 15| 87| 8 |YES 1.544 | 3.088
58 110064753 84 | M | 80 | 164 | 29.7| 90 | 176 [ 220 | 140 | 90 | 33| 110 | 158| 111| 8.8 | 15 |YES 1.2485 | 2.48
59 |10077527| 42 F | 73] 168 | 259| 92 | 182 | 190| 140| 90 | 27 | 128|182|126| 9 | 7 |YES 11.825 | 23.6




60 110065251 60 | M | 78 | 158 | 31.2| 90 | 147 [ 156 150 90 | 27 | 255(136| 72| 9 | 1 |YES YES| 7.113 | 1422
61 |10074550] 66 | M | 78 | 168 | 27.6| 92 | 142 | 178 | 140 90 | 37| 125|148| 94 | 9.2| 6 |YES 0.84 1.68
62 110069041 39 | M | 86 | 160 | 33.6| 98 [ 170 [ 199 160 | 90 | 28 | 106 | 103| 60 | 9.2| 4 |YES 4.222 | 8.44
63 |10069950| 74 | M | 84 | 158 | 31.1| 102 | 126 [ 118 | 140 90 | 42| 114 | 42 | 94 | 9.3 15 | NO 12.735 | 25.46
64 110080392 52 | M | 78 | 154 | 329]| 90 | 192 [ 200 | 140 | 90 | 22 | 203|125 79 | 93| 3 |YES 29.691 | 59.38
65 110069835 71 | M | 70 | 152 | 30.3| 92 | 276 [ 256 140 90 | 26| 84 | 71 | 34| 9.6| 8 |YES YES| 0.6165 | 1.232
66 |10078060] 65 | M | 98 | 160 | 38.3| 104 | 147 [ 157 | 140 90 | 60| 93 | 60 [ 26 | 9.6 | 15 |[YES YES| 1.786 | 3.56
67 110076635 72 | M | 89 | 174 | 294 94 | 190 [ 199 160 | 110| 22 | 144 | 113| 69 | 9.6 | 12 |YES 6.9665 | 13.92
68 110083532 72 | M | 60 | 154 | 25 | 96 | 220 [ 278 | 140 | 90 | 33| 127 | 201| 145]| 9.8 | 10 |YES 15906 | 31.8
69 110077841 74 | M | 68 | 169 | 23.8| 88 | 177|180 180 90 | 11| 254| 58 | 3 | 10 | 12 |YES 2.0895 | 4.178
70 110080418] 48 | M | 59 | 162 | 229| 82 | 188 [ 226 140 90 | 28| 57 | 91 [ 53| 11 | 2 |YES 0.879 1.74
71 |10063668| 71 F | 72 | 158 | 255| 90 | 227 | 245|160 | 90 | 27 | 320 163| 92 | 11 | 10 [YES 3.901 | 7.802
72 110081925| 58 F | 643] 167 | 231| 93 | 287 | 340| 140| 90 | 33| 306|163| 94 | 11 | 8 |YES 13.5835( 27.16
73 110081960 54 | M | 84 | 172 | 284 | 102 | 189 [ 190 | 150 [ 100| 28 | 193 |150| 84 | 11 | 4 |YES 22075 | 44
74 110076723 69 | M | 80 | 176 | 25.8| 93 | 178 [ 241 | 160 [ 100| 32 | 161 | 219(162| 11 | 15 |YES 9.0415 | 18.08
75 |10079411| 48 F | 59 | 154 | 249| 98 | 308 | 298| 140| 90 | 40 |11.4] 94 | 39| 11 | 5 |YES 11.23 | 22.46
76 110075973 37 | M | 76 | 160 | 29.7| 92 | 281 [ 290 | 140 90 | 21 | 457(140| 68 | 11 [ 3 |NO 42.579 | 85.14
77 110080092 61 | M | 80 | 164 | 29.7| 102 | 221 | 234 | 150 90 | 10 | 584 | 150| 22 | 12 | 10 |YES| YES| 13.732 | 27.46
78 110076316| 84 F | 78 | 156 | 32.1| 102 | 206 | 244 | 140| 86 | 26 | 162 | 121| 73 | 12 | 20 |[YES 0.9945 | 1.98
79 |10063053] 46 | M | 63 | 167 | 22.6| 92 | 231|276 150 90 | 27| 88 [118| 70| 15| 5 |YES 11.545 | 23.08
80 |10081110| 76 F | 65| 156 | 26.7| 90 | 332 | 367|160 | 90 | 27 | 122 106| 69 | 17 | 13 [YES 2.8685 | 5.72
81 110073882 60 | M | 82 | 170 | 284 | 103 | 272 [ 332 | 150 90 | 47| 179(209| 142| 13 [ 8 |NO 2295 | 458
82 110073928 63 | M | 65 | 170 | 225] 92 | 110 [ 111|150 90 | 23| 32 [ 39| 11 | 54| O |NO 1415 | 283
83 110075132 37 | M | 64 | 172 | 21.6| 82 | 121 | 134|170 90 | 10| 320|174 31| 73| 1 |YES 1515 | 30.3
84 110059614| 56 | M | 72 | 162 | 274 88 | 121 [ 154 120 80 | 34| 320|154 83| 5 | O |YES 6.95 13.9
85 |10071015] 58 | M | 70 | 162 | 26.2| 102 | 111 [ 114 [ 150 110| 27| 102( 82 | 78| 5 [ 2 |NO 10.05 | 20.1
86 |10078928| 72 | M | 96 | 169 | 33.6| 104 | 110 [ 123 | 140 90 | 42| 111| 81 | 53 | 58| 8 |YES 22.7 454
87 110070687 32 | M | 93 | 168 | 33 | 103 [ 221 [ 245[ 140 90 | 26| 69 [ 79| 38| 11 [ 2 |NO 5.65 11.3
88 |110076505| 60 F | 68| 156 |27.9| 84 | 248|308 | 140| 90 | 41| 140|136( 60 | 11| 8 [NO 21.65 | 432




89 110082252 59 | M | 88 | 170 | 304 | 88 | 172 | 167 | 160 | 90 | 24 | 103|124| 84 | 88| 7 |YES 153 30.6
90 |10072962] 63 | M | 65 | 176 | 21 | 103 | 146 [ 156 | 150 90 | 50 | 127 | 165[108| 9.6 | 4 |YES 21.4 42.8
91 |10079866| 80 F | 67| 154 | 283| 89 | 142|187 | 150| 100| 44 | 88 |142| 78 | 6.8| 8 |[YES 7.92 15.84
92 110075988| 54 | M | 922| 170 | 31.8| 114 | 146 | 145 150 ( 100| 14 | 189|110 66 | 7.8 | 6 |YES 19.92 | 39.84
93 |10050006] 45 | M | 87 | 162 | 33.2| 90 | 226 [ 222 | 140 90 | 47| 73 |158|117]| 6.7| 5 |YES 1.85 3.7
94 110072802| 59 F | 66 | 157 | 268| 90 | 206 | 230| 160 | 90 | 43| 93 |108| 56 | 6.1 | 10 [YES 54 10.8
95 110075168 70 | M | 68 | 166 | 24.7| 88 | 142 | 145|180 | 90 | 17| 270| 140( 78 | 87| 20 | NO| YES| 5.3 10.6
96 |10082313| 54 F | 79.2] 170 | 27.4| 108 | 218 | 260 | 130| 90 | 43| 327 220(132]| 13 | 6 |YES YES| 4.25 8.5
97 110074854 45 | M | 88 | 170 | 30 | 105 | 88 [ 102 | 140 | 100| 16 | 157 |108| 59 | 43| O |YES 4.75 9.5
98 |10076063| 56 F | 73| 158 | 29.2| 88 | 123|127 130|100| 26 | 215| 97 | 34 | 6.7| 5 |YES 1.55 3
99 |10081786| 70 F |648] 161 | 25 | 92 | 127 | 130|160| 90 | 35| 111|154| 98 | 6 | 12 |[YES 7.55 15
100 (10072235 59 F | 74 | 156 | 304 | 110 | 152 | 160| 160 | 90 | 51| 98 | 183|119| 10 | 5 [YES 1585 | 31.6
101 [10079411| 48 F | 59| 154 | 249| 98 | 308 | 312|160| 90 | 40 |11.4] 94 | 39| 11 | 5 |YES 1.7 34
102 (10075992 48 F | 8 | 155 |36.6| 117 | 306 | 430| 160| 90 | 15| 170| 84 [ 33| 14| 2 [NO 15.6 31.2
103 (10064332 57 F | 76 | 163 | 286| 90 | 106 | 134| 150 | 90 | 36 | 129|139| 82 | 46| 5 |YES 1.79 3.58
104 (10063506 63 F | 73] 156 | 30 | 94 | 112|118 140| 90 | 27| 93 | 92 | 51 | 6.9 | 10 [YES 4.67 9.34
105 (10074519 41 | M | 85 | 164 [ 316 98 | 111 | 112|150 | 90 | 34 [ 356 | 206| 126( 5.2| O |YES YES| 6.65 13.3
106 (10070676 68 | M | 84 | 170 [ 29.1| 92 | 128 | 133 | 130| 90 [ 11 | 305[154| 20 | 7.3 | 5 |YES 20.9 41.8
107 (10074616 49 | M | 89 | 170 | 30 | 104 | 270 | 287 | 150 | 100 53 | 79 [120] 56 | 12 | 15 |YES 2595 [ 519
108 [10076900f 63 | M | 55 | 163 [ 20.7| 93 | 302 | 389 | 140|100 44 | 128 [128| 54 | 10 | 6 |YES 7.25 14.5
109 (10081230 58 F | 63.8] 157 | 259| 92 | 155|233 | 150| 90 | 45| 206|215(128| 13 | 4 |YES 17.8 35.6
110 [10079899| 70 F | 68 | 152 | 294 | 90 | 282 | 245|150 90 | 48| 130|162| 90 | 81| 6 [YES 3.05 6.1
111 (10072649 50 | M | 54 | 170 [ 18.7| 83 | 126 | 124 | 140 | 90 [ 27 | 199|157 95 [ 6.2| 3 |YES 0.87 1.74
112 (10073475 58 | M | 68.9| 174 [ 228 | 92 | 178 | 212 | 140 | 90 [ 19 | 126 [ 168| 120( 9.1 | 5 |YES 7.63 15.26
113 (10072799 43 | M | 69 | 158 [ 27.6( 92 | 198 | 200| 150 | 90 [ 43 [ 232|203 131| 12 | 6 | NO 6.15 12.3
114 (10075760 62 F | 66 | 157 | 268| 98 | 202 | 255| 170| 100| 21| 194|117( 63 | 81| 8 [YES YES| 8.2 16.4
115 (10076396 53 F | 76 | 154 | 32 | 108 | 126 | 143 | 140| 90 | 35| 180|192|135| 63| 1 [YES 9.65 19.2
116 [10080613| 60 F | 657] 152 | 284 | 84 | 163 | 198 | 150 | 110| 27 | 233|144| 97 | 91| 1 |YES 0.55 11
117 (10076665 78 | M | 60 | 170 [ 20.8| 94 | 112 | 116|140 | 90 [ 32| 218|171 92 [ 55| 0 |YES 9.45 18.9
118 [10074623| 58 | M | 70 | 168 [ 248 | 91 | 112 | 118|140| 90 [ 31| 42 [ 82| 31 [ 55| 2 |YES 1.48 2.8
119 (10071493 67 F | 44 ] 151 | 193] 90 | 260 | 245|140|100| 33| 36 | 57 (14| 10| 1 |[YES YES| 15.9 31.8
120 (10072825 29 | M | 74 | 162 [ 282 94 | 99 | 104 | 160|100 15 | 370| 182]| 130( 5.2| 0 | NO 6.76 134




