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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ASSOCIATION BETWEEN INFLAMMATORY MARKERS, LIVER ENZYMES, LIPID 
PROFILE, AND VITAMIN D STATUS IN ADULTS WITH OBESITY: A CROSS-SECTIONAL 

STUDY
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Abstract.
Background: Vitamin D has pleiotropic effects on insulin 

secretion, lipid metabolism, immune modulation, and blood 
pressure regulation through ubiquitously expressed vitamin D 
receptors. 

Objective: This cross-sectional study sought to investigate 
the associations between inflammatory markers, liver 
enzymes, lipid profile, glycemic parameters, hemodynamic 
measures, and vitamin D status in adults with obesity. 
Methods: A total of 68 adults with obesity were enrolled and 
stratified by age younger than 40 years versus older than 40 years 
and BMI (normal weight BMI<25 kg/m² versus overweight 
BMI ≥25 kg/m², or both. Demographic characteristics, smoking 
status, and anthropometric measurements were recorded. 
Lipid profile, glycemic control, liver enzymes, vitamin D, and 
inflammation markers were measured. 

Results: Adults older than 40 years had significantly higher 
systolic blood pressure (p=0.016), fasting serum glucose 
(p=0.017), and HbA1c (p=0.005) compared to younger adults. 
Overweight individuals demonstrated significantly higher 
CRP levels (p=0.040) compared to normal-weight individuals. 
Triglycerides (AUC=0.638) and systolic blood pressure 
(AUC=0.634) demonstrated a weak association with vitamin D 
deficiency. 

Conclusions: These results demonstrated the multifactorial 
nature of vitamin D regulation in obesity and reflect the 
unreliability of measuring serum vitamin D in clinical settings 
as a diagnostic tool in obese individuals, particularly when 
coexisting with ageing.

Key words. Obesity, Vitamin D, lipid profile, liver enzymes, 
glycemic control, inflammation.
Introduction.

Obesity is a public health challenge of the twenty-first century, 
carrying extensive loads on global healthcare systems, with 
approximately 1.9 billion adults considered overweight in 2016 
[1]. This increasing rate is conjoined with substantial morbidity 
and mortality, resulting in doubled annual deaths alongside a 
rising risk of chronic diseases, including metabolic diseases, 
cardiac disorders, and malignancies, with an aetiology combining 
genetic tendency, lifestyle habits, physical sedentariness, and 
increased high-calorie diets [2-5].

Vitamin D is a lipophilic secosteroid hormone and is 
characteristically known for its necessary function in calcium 
and phosphate homeostasis, enhancing intestinal calcium 
absorption and promoting sufficient bone mineralization [6,7]. 
Vitamin D deficiency has arisen as a prevalent nutritional 
issue, influencing billions of people worldwide [8,9]. However, 
recent evidence has demonstrated its marked extra-skeletal 

functions, directed through vitamin D receptors (VDR) that are 
endogenously expressed over different human tissues, including 
pancreatic β-cells, adipose tissue, skeletal muscle, and immune 
cells [10-12]. Through these receptors, vitamin D exerts 
pleiotropic effects on insulin secretion, immune modulation, cell 
differentiation, lipid metabolism, and inflammatory regulation 
[13,14].

The interaction between overweight and vitamin D 
insufficiency has acquired great scientific consideration in recent 
years [11,15,16]. Epidemiological evidence has demonstrated 
an inverse relationship between adiposity and circulating 
25-hydroxyvitamin D [25(OH)D] levels; studies have confirmed 
that obesity causes vitamin D shortage rather than the reverse 
[17]. Several mechanisms have been considered to rationalize 
this association, including dilution by adipose tissue mass, 
trapping of vitamin D in the lipophilic milieu of adipose tissues, 
and obesity-induced mutilations in vitamin D metabolism and 
hydroxylation [11,12].

Vitamin D plays a role in metabolism via shaping insulin 
secretion, lipid metabolism, and blood pressure regulation 
[13,18]. Deficiency has been associated with insulin resistance, 
dyslipidemia, and overactivation of the renin-angiotensin-
aldosterone system (RAAS), perhaps potentiating obesity-
mediated metabolic dysregulation [19]. Moreover, inflammation 
is the cause of obesity, with adipose tissue functioning as an 
active endocrine organ secreting pro-inflammatory cytokines, 
which stimulate hepatic C-reactive protein (CRP) production 
[20]. Given the anti-inflammatory feature of vitamin D, its 
shortage may further jeopardize the inflammatory environment 
for obesity [21,22].

The association between vitamin D and metabolic markers 
remains inconclusive. Several earlier studies confirmed an 
inverse relationship between vitamin D and triglycerides, blood 
pressure, and glycemic parameters. Other studies reported 
discrepant results of vitamin D supplementation on metabolic 
outcomes and liver metabolism. Despite this evidence, 
the association of vitamin D and metabolic health remains 
inconclusive. Therefore, this cross-sectional study was designed 
to investigate the association between inflammatory markers, 
liver enzymes, lipid profile, and vitamin D status in adults with 
obesity.
Materials and Methods.

Study design: This cross-sectional study enrolled a total of 
68 participants, subdivided according to age (<40 years versus 
≥40 years) and body mass index (BMI<25 kg/m² versus ≥25 
kg/m²). A written consent form was collected from individual 
participants before enrollment. The study was approved by 
the Ethics Committee of the College of Medicine at Ninevah 
University (Approval session number 07 on 08 January 2026. 
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The study was conducted from February to July 2026 at City 
General Hospital (Mosul, Iraq).
Inclusion criteria:

Obese (BMI ≥25 kg/m²) adults (≥18 years) who agreed to 
participate in the study and were willing to provide fasting 
blood samples
Exclusion criteria:
•	 Obese adults with any sort of chronic disease were 

excluded, such as diabetes, chronic liver or kidney diseases, 
cardiovascular diseases, and thyroid disorders.

•	 Obese adults with current use of medications, including 
vitamin D supplementation,

•	 lipid-lowering agents or antihypertensive agents, 
corticosteroids, immunosuppressive agents, and anti-
inflammatory agents

•	 Obese adults during pregnancy or lactation
Sample size: A total of 68 cases were enrolled based on the 

following equation.

Where, 
n= sample size (68) 
Z= confidence level (90%)
P= population proportion (10%)
e= margin of error (5%)
90% Confidence (z=1.645), e=0.06
n= (1.645)² × 0.10 × 0.90 / (0.06)²=67.7 ≈ 68 ✓

Based on the above equation, the calculated sample size was 
nearly 68 in total. With n=68, p=10%, and 90% confidence, a 
margin of error of 6% is acceptable, making the sample size 
of 68 suitable for identifying the overall effects. However, 
the results still need to be cautiously explained for marginal 
p-values, which do require larger sample size studies.

Data collection: Demographic parameters (age, sex, smoking 
status, and BMI) were collected for all participants. Blood 
pressure was obtained using standard procedures.

Serum collection: Venous blood was withdrawn from 12-
hour fasting participants into collection tubes, part centrifuged 
and stored at -20°C for further analysis, and the other part 
immediately analysed for HbA1c assessment.

Biochemical analyses: All biochemical parameters were 
assessed using reagents and assays provided by Biolabo 
(France).

Glycemic profile: FSG was measured using enzymatic 
methods on an automated biochemical analyser. Glycated 
haemoglobin (HbA1c) was determined using turbidimetric 
immunoassay methods, following the manufacturer's 
recommended procedures.

Lipid profile: TC, TG, and HDL-C were quantified using 
enzymatic colourimetric methods on an automated analyzer. 

LDL-C was calculated using Friedewald's formula: LDL-C 
(mg/dL)=TC - HDL-C - (TG/5.0). 

Liver enzymes: Based on manufacturer instructions, ALT and 
AST were detected using enzymatic methods on an automated 
analyzer.

Inflammatory marker: Based on manufacturer instructions, 
CRP was quantified by a quantitative turbidimetric immunoassay 
method based on the photometric measurement of turbidity 
using an antigen-antibody reaction measured at optical density 
340nm using the endpoint method. 

Vitamin D: Based on manufacturer instructions, the level 
of 25-OH Vitamin D was quantified using ELISA methods 
measured at optical density 450nm using a microplate reader.

Statistical analysis: Results were analysed using GraphPad 
Prism (V10, USA). Data were expressed as mean±standard 
deviation (SD) or frequencies and percentages for continuous 
and non-continuous variables, respectively. Subgroups were 
compared using independent t-tests and chi-square (χ²) tests 
for continuous and non-continuous variables, respectively. A 
p-value<0.05 was considered significant. 

ROC analysis was conducted to assess the diagnostic benefits 
of measured biochemical markers for discriminating vitamin D 
deficiency based on a vitamin D cutoff value of <20 ng/mL. 
For individual parameters, the area under the curve (AUC) was 
measured with 95% confidence intervals and interpreted as 
below.

AUC ≤ 0.50: no diagnostic value.
AUC=1.00: complete diagnostic value.
AUC 0.50–0.69: poor diagnostic value.
AUC 0.70–0.79: acceptable diagnostic value.
AUC 0.80– ≥0.90: excellent diagnostic value.

Results.
The analytical and biochemical data were compared based 

on age into two groups: <40 years (n=30) group and ≥40 
years (n=38) group (Table 1). The percentage of males was 
not significantly higher (p=0.181) (65.80% versus 46.70%), 
and the percentage of smokers was not significantly lower 
(p=0.083) (23.70% versus 46.70%) than in the older group. 
No significant difference (p=0.169) was detected in BMI 
between the two groups (29.93±4.28 kg/m² versus 28.22±5.90 
kg/m²). The older age group showed significantly higher SBP 
compared to the younger group (120.79±10.43 mmHg versus 
120.00±10.12 mmHg, p=0.016). However, DBP did not differ 
significantly between the groups (p=0.154). FSG and HbA1c 
were significantly (p=0.017; p=0.005) elevated in the older 
group. However, the lipid results, liver enzymes, CRP, and 
vitamin D demonstrated non-significant (p>0.05) differences 
between the groups.

The analytical and biochemical data were compared based on 
BMI into two groups: Normal BMI <25 kg/m² group (n=11) 
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Figure 1. Receiver operating characteristic (ROC) curves for biochemical parameters in predicting vitamin D deficiency.

Variables <40 years (n=30) ≥40 years (n=38) χ² P value

Demographic characteristics

Age, years 28.83±6.23 51.58±8.64 ---- 0.001
Male, n (%) 14 (46.70) 25 (65.80) 1.79 0.181Female, n (%) 16 (53.30) 13 (34.20)
Smokers, n (%) 14 (46.70) 9 (23.70) 3.00 0.083
BMI, kg/m² 28.22±5.90 29.93±4.28 ---- 0.169

Blood pressure SBP, mmHg 120.00±10.12 120.79±10.43 ---- 0.016
DBP, mmHg 80.13±10.90 80.45±10.88 ---- 0.154

Glycemic profile FSG, mg/dL 99.73±17.71 115.21±30.92 ---- 0.017
HbA1c, % 5.27±0.52 5.84±0.97 ---- 0.005

Lipid profile

TC, mg/dL 170.80±34.46 180.87±41.35 ---- 0.288
LDL-C, mg/dL 101.57±33.84 107.37±36.65 ---- 0.505
HDL-C, mg/dL 41.77±9.18 43.61±17.52 ---- 0.604
TG, mg/dL 130.50±64.66 154.47±75.62 ---- 0.172

Liver enzymes ALT, U/L 33.62±28.11 24.89±17.40 ---- 0.121
AST, U/L 24.98±16.24 21.23±11.31 ---- 0.267

CRP, mg/L 1.30±3.66 3.34±7.99 ---- 0.200
Vitamin D, ng/mL 19.37±8.62 20.78±10.31 ---- 0.551
Continuous variables expressed as mean±SD; non-continuous variables expressed as frequency and percentages; p-values less than 0.05 
considered significant using independent-samples t-tests. χ²=Chi-square, BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic 
blood pressure, FSG=Fasting serum glucose, HbA1c=Glycated hemoglobin, TC=Total cholesterol, LDL=Low density lipoprotein, HDL=High 
density lipoprotein, TG=Triglyceride, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase

Table 1. Comparison of demographic, clinical, and biochemical characteristics according to age group.

and Overweight ≥25 kg/m² group (n=57) (Table 2). For sex 
and smoking, non-significant (p>0.05) differences were 
demonstrated between the groups. The blood pressures were 
similar between the normal BMI and overweight groups (SBP, 
p=0.581; DBP, p=0.860). Glycemic control, assessed by FSG 
and HbA1c, did not differ significantly between the two BMI 
groups (FSG, p=0.947; HbA1c, p=0.611). The lipid profile 
demonstrated no significant differences between the groups 
(p>0.05), with a slight non-significant elevation of TG levels 
in the overweight group (p=0.116). Non-significant differences 

in liver enzymes were observed between the normal BMI and 
overweight groups for either ALT (p=0.851) or AST (p=0.603). 
The overweight group demonstrated significantly (p=0.040) 
higher CRP compared to the normal group (2.80±7.00 mg/L 
versus 0.55±1.81). Conversely, vitamin D demonstrated a non-
significant (p=0.850) difference between groups.

When comparing groups of older individuals with high BMI 
with younger individuals with normal BMI, blood pressure 
has shown non-significant differences between groups (SBP, 
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Variables Normal BMI 
(<25 kg/m²) (n=11)

Overweight/Obesity 
(≥25 kg/m²) (n=57) χ² P value

Demographic 
characteristics

Age, years 31.64±13.25 43.49±13.04 0.016
Male, n (%) 5 (45.50) 34 (59.60) 0.29 0.590
Female, n (%) 6 (54.50) 23 (40.40)
Smokers, n (%) 5 (45.50) 18 (31.60) 0.29 0.587

Blood pressure SBP, mmHg 120.27±10.01 120.47±10.42 0.581
DBP, mmHg 80.27±10.68 80.32±10.94 0.860

Glycemic profile FSG, mg/dL 107.73±36.34 108.51±25.09 0.947
HbA1c, % 5.47±0.81 5.61±0.86 0.611

Lipid profile

TC, mg/dL 183.00±40.95 175.16±38.28 0.567
LDL-C, mg/dL 109.36±37.05 103.93±35.22 0.661
HDL-C, mg/dL 47.27±11.27 41.93±14.84 0.191
TG, mg/dL 116.36±57.41 149.21±73.14 0.116

Liver enzymes ALT, U/L 29.95±22.92 28.51±23.19 0.851
AST, U/L 25.71±20.17 22.34±12.28 0.603

CRP, mg/L 0.55±1.81 2.80±7.00 0.040
Vitamin D, ng/mL 20.72±10.80 20.05±9.40 0.850
Continuous variables expressed as mean±SD; non-continuous variables expressed as frequency and percentages; p-values less than 0.05 
considered significant using independent-samples t-tests. χ²=Chi-square, BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic 
blood pressure, FSG=Fasting serum glucose, HbA1c=Glycated hemoglobin, TC=Total cholesterol, LDL=Low density lipoprotein, HDL=High 
density lipoprotein, TG=Triglyceride, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase

Table 2. Comparison of demographic, clinical, and biochemical characteristics according to BMI groups.

Variables Age <40 & BMI <25 (n=9) Age ≥40 & BMI ≥25 (n=37) P value

Blood pressure SBP, mmHg 120.00±10.90 120.80±11.40 0.072
DBP, mmHgmmHg 80.10±10.60 80.40±10.90 0.359

Glycemic profile FSG, mg/dL 95.60±11.80 116.30±31.40 0.004
HbA1c, % 5.10±0.33 5.88±0.98 0.001

Lipid profile

TC, mg/dL 181.20±43.50 180.40±41.10 0.958
LDL-C, mg/dL 108.60±40.70 108.30±36.50 0.983
HDL-C, mg/dL 48.20±11.50 42.70±10.80 0.183
TG, mg/dL 109.70±49.80 154.80±76.50 0.031

Liver enzymes ALT, U/L 27.60±20.80 29.70±24.60 0.813
AST, U/L 24.90±18.30 22.00±10.90 0.643

CRP, mg/L 0.42±1.12 3.11±7.94 0.049
Vitamin D, ng/mL 21.90±10.70 19.80±9.80 0.580
Continuous variables expressed as mean±SD; non-continuous variables expressed as frequency and percentages; p-values less than 0.05 
considered significant using independent-samples t-tests. BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, 
FSG=Fasting serum glucose, HbA1c=Glycated hemoglobin, TC=Total cholesterol, LDL=Low density lipoprotein, HDL=High density lipoprotein, 
TG=Triglyceride, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase

Table 3. Comparison of demographic, clinical, and biochemical characteristics according to combined age and BMI groups.

p=0.072; DBP, p=0.359). However, older high BMI demonstrated 
significantly higher glycemic indices compared to younger 
normal BMI (FSG, p=0.004; HbA1c, p=0.001). Regarding lipid 
profile, non-significant differences existed between older high 
BMI and younger normal BMI groups except for TG, which 
have shown significantly higher levels in TG have shown in 
older high BMI than younger normal BMI (154.80±76.50 mg/
dL versus 109.70±49.80 mg/dL, p=0.031). Regarding liver 
enzymes, non-significant differences existed between older high 
BMI and younger normal BMI (ALT, p=0.813; AST, p=0.643). 
Older high BMI was associated with significantly higher CRP 
compared to younger normal BMI (3.11±7.94 mg/L versus 
0.42±1.12 mg/L, p=0.049), whereas vitamin D concentration 
demonstrated non-significant differences between the groups 
(p=0.580).

The ROC analysis, based on a vitamin D cutoff value of 
<20 ng/mL, demonstrated that among measured parameters, 
only TG and SBP revealed the highest AUC values, 0.638 and 
0.634, respectively. Despite being lower than the threshold 
of 0.70, this reflects the poor diagnostic potential of vitamin 
D deficit compared with those with normal vitamin D levels. 
DBP, glycemic parameters, lipid parameters, CRP, and liver 
enzymes showed AUC values from 0.494 to 0.553, reflecting no 
diagnostic usefulness.

Discussion.
This cross-sectional study demonstrated that older adults 

presented with higher systolic blood pressure and glycemic 
control parameters compared to the younger group, with no 
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changes in lipid profile, liver enzymes, CRP, and vitamin D 
concentration between age groups. Overweight was associated 
with only elevated CRP levels compared to normal-weight 
groups, with the remaining markers stable. ROC analysis 
systemically revealed that TG have slight diagnostic potential 
for vitamin D deficiency, with comparable diagnostic potential 
for SBP.

The obese older adults group presented with slightly higher 
blood pressure, metabolic, and glycemic parameters compared 
to the younger group, reflecting the progressive nature of the 
ageing process in this population. This outcome is congruent 
with the concept that ageing contributes to the worsening 
of glycemic status and vascular dysfunction, despite normal 
adiposity [23,24]. Catena et al. demonstrated that serum 
vitamin D concentration was inversely proportional to age, 
blood pressure, and glycemic status in hypertensive patients 
[25], reflecting that age-associated vitamin D deficiency may 
drive these metabolic upset [26]. The lack of age-associated 
differences in lipid and liver parameters in the present study 
might be explained in the context of obesity-associated 
lipid and hepatic deficits appearing early and not advancing 
extensively with ageing [27,28]. Otherwise, it could reflect that 
the metabolic influence of overweight on lipid dysregulation 
and liver parameters plateaued after ageing, with subsequent 
worsening chiefly jeopardising glycemic and hemodynamic 
challenges [29,30].

The rise in CRP in the overweight group offers an additional 
clue for the pro-inflammatory condition reflected by surplus 
of adiposity. This outcome is congruent with earlier reports 
defining the role of adipose tissue as an endocrine organ 
generating pro-inflammatory markers, such as interleukin-6 
and tumour necrosis factor-alpha, which consequently promote 
hepatic CRP formation [31,32]. A study conducted on obese 
subjects by Esteghamati et al. revealed that overweight, 
unhealthy subjects are associated with lower vitamin D levels 
and higher proinflammatory parameters compared to healthy 
normal overweight individuals [33]. This distinction is relevant 
to our findings, as the elevated CRP in our overweight/obese 
group suggests a higher proportion of metabolically unhealthy 
obesity, which may have implications for cardiovascular risk 
stratification [34].

Metabolic parameters and liver enzymes were not changed. 
This lack of association between systemic metabolic markers 
and CRP elevation could reflect that CRP is a more precise 
marker for obesity compared to metabolic parameters. Lipid 
parameters were unchanged with vitamin D levels; these 
outcomes align with the findings of meta-analyses, which have 
reported that supplementation with vitamin D has no impact on 
lipid parameters [15]. The unchanged liver enzymes contradict 
earlier studies [35,36], which might be explained in light of 
moderate obesity in participants of the present study.

ROC analysis confirmed that the measured biochemical 
markers have no clear and reliable diagnostic values, revealing 
that vitamin D regulation is multifactorial in nature. However, 

TG and blood pressure have shown higher AUC and could be 
considered as cofactors for diagnosis of vitamin D deficiency; 
this is congruent with a systematic review that revealed that 
supplementation with vitamin D reduced TG and moderated 
blood pressure [15]. CRP demonstrated a weak association 
with vitamin D deficiency despite being elevated in obesity, 
reflecting the complex nature of CRP as a marker for systemic 
inflammation associated with obesity. Moreover, the lipid 
profile demonstrated no diagnostic value for obesity or ageing 
or both. The observed low, non-conclusive AUC values have 
been reported in earlier large-scale stud [16], which reported 
that the AUC for TG association with vitamin D deficiency is as 
low as AUC=0.626. 

The discrepancy in the relationship between TG and vitamin D 
is confounded by factors such as obesity, sedentary lifestyle, sun 
exposure, and poor metabolic health. The obesity trap: vitamin 
D in the tissues, reducing skin synthesis of vitamin D, dilution 
effects by adipose tissue [15,17]. The results of this research 
revealed that clinicians should rely on direct measurement 
of 25-hydroxyvitamin D rather than measuring routine 
biochemical factors, especially in obese subjects [11,16]. The 
distinctive elevation in CRP among other biochemical factors 
perhaps necessitates incorporation of CRP in routine obese 
adult investigations [37].

The worthy limitations of the present study that need to be 
recognised include the cross-sectional nature of the study, 
limiting the variations between individuals during the study 
period, alongside the small sample size, which precludes 
generalizability of the study and hinders the statistics between 
groups. The use of CRP alone limits the characterization of the 
whole picture of inflammation associated with obesity. Hence, 
we do recommend conducting a larger-sample-size longitudinal 
study to capture the effects of confounding parameters; 
moreover, a mechanistic study profiling biomarkers joining 
vitamin D and inflammatory pathways. A gender-based study is 
required to facilitate understanding the impact of differences in 
sex hormones on vitamin D.

Conclusion.
The present study revealed that in obese adults with obesity, 

the metabolic derangement affects glycemic status and 
hemodynamic parameters, alongside obesity-associated changes 
in inflammation represented by CRP levels, reflecting the 
complex nature of vitamin D involvement in various metabolic 
and hormonal signalling, with a weak proportional association 
of vitamin D levels with all measured metabolic parameters.
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