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Background and Objectives: Type 2 diabetes mellitus (T2DM) is closely associated with obesity and metabolic
disturbances. Although diet quality has been linked to metabolic outcomes, its role relative to adiposity remains
unclear. This study aimed to evaluate differences in biochemical parameters across body mass index (BMI) cate-
gories and examine relationships between diet quality and biochemical markers. Methods and Study Design:
This cross-sectional study included 150 individuals with T2DM aged 46—60 years attending an endocrinology
outpatient clinic between September 2023 and May 2024. Participants were classified as being of normal weight,
overweight, or obese based on BMI. Diet quality was assessed using three-day food consumption records and cal-
culated using the Healthy Eating Index-2015 (HEI-2015). Biochemical parameters were obtained from medical
records. Between-group comparisons were performed using one-way ANOVA with Bonferroni post hoc tests and
Pearson correlation analysis was used to assess associations. Benjamini—Hochberg false discovery rate (BH-FDR)
correction was applied for multiple testing. Results: Several biochemical parameters differed significantly across
BMI categories (p <0.05). Obese individuals had higher triglyceride, uric acid, C-reactive protein, liver function,
and fasting insulin levels, whereas normal-weight individuals had higher high-density lipoprotein cholesterol and
estimated glomerular filtration rate. No significant differences were observed in HEI-2015 scores across BMI
groups (p >0.05). Weak correlations between diet quality and biochemical markers were not significant after BH-
FDR correction. Conclusions: Biochemical parameters differed across BMI categories, highlighting the role of
adiposity in metabolic risk. Associations between diet quality and biochemical markers were limited, suggesting

that BMI-based stratification may be more informative than diet quality alone.
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INTRODUCTION
Type 2 diabetes mellitus is a chronic metabolic disease
characterized by hyperglycemia that develops as a result
of insulin resistance and/or impaired insulin secretion.!
The incidence of T2DM is increasing worldwide, with
obesity, physical inactivity, unhealthy eating habits, and
aging being the main reasons. According to data from the
International Diabetes Federation (IDF), 537 million
adults worldwide lived with diabetes in 2021 and this
number was predicted to reach 783 million by 2045.% In
Tiirkiye, the prevalence of diabetes has been reported as
approximately 14.5%.3

Body mass index is a simple and widely used obesity
indicator obtained by dividing an individual’s body
weight by height squared. The World Health Organiza-
tion (WHO) classifies BMI values as “normal” in the
range of 18.5-24.9 kg/m?, “overweight” in the range of
25-29.9 kg/m?, and “obese” in the range of >30 kg/m?2.*
Obesity, particularly with increased visceral adiposity, is

known to play a role in the development of T2DM
through mechanisms such as insulin resistance and p-cell
dysfunction.’ Diet quality is a multidimensional indicator
that evaluates the extent to which an individual’s eating
habits are compatible with health. Healthy diet quality is
characterized by the consumption of vegetables, fruits,
whole grains, and healthy fatty acids, with low levels of
saturated fat, salt, and sugar. Diet quality can be evaluat-
ed by tools such as the Healthy Eating Index, the Mediter-
ranean Diet Score (MDS), or the Alternative Healthy Eat-
ing Index (AHEI).® In the literature, it has been shown
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that glycated hemoglobin (HbAlc) levels are lower, glu-
cose metabolism is better regulated, and the risk of cardi-
ovascular complications is reduced in individuals with
high diet quality.”® The main biochemical parameters
monitored in individuals with T2DM include fasting glu-
cose, fasting insulin, HbAlc, lipid profile (low-density
lipoprotein cholesterol [LDL-C], high-density lipoprotein
cholesterol [HDL-C], triglyceride, total cholesterol), kid-
ney function (urea, creatinine), and liver function (alanine
aminotransferase [ALT], aspartate aminotransferase
[AST]). These indicators are essential assessment criteria
in diabetes management, as they reflect an individual’s
metabolic control and risk of complications.

Although studies in the literature have addressed the
diet quality and biochemical parameters of individuals
with T2DM separately, research on the combined evalua-
tion of these two variables in terms of different BMI cat-
egories is limited. However, the eating habits and meta-
bolic responses of obese and normal individuals may dif-
fer, and the multifaceted examination of the relationships
among these variables is important for the creation of
individualized nutrition plans.

Previous studies have consistently shown that obesity
and increased adiposity are strongly associated with insu-
lin resistance, dyslipidemia, chronic low-grade inflamma-
tion, impaired liver function, and altered renal function in
individuals with T2DM.°"!! In contrast, higher diet quality
has been associated with improved glycemic control and
cardiometabolic outcomes, but these associations may be
weaker or less consistent in clinical populations with
T2DM because biochemical parameters are influenced by
multiple factors including adiposity, diabetes duration,
medication use, comorbidities, and metabolic heterogene-
ity.!>!* Therefore, based on previous studies suggesting
stronger and more direct relationships between adiposity
and metabolic alterations than between diet quality indi-
ces and individual biochemical markers, we hypothesized
that metabolic and biochemical parameters would differ
significantly across BMI categories, whereas the associa-
tions between diet quality and biochemical markers
would be weaker.

The primary objective of this study was to evaluate dif-
ferences in biochemical parameters across BMI catego-
ries in individuals with T2DM. A secondary objective
was to examine the relationships between diet quality and
biochemical parameters.

This study aims to evaluate relationships between diet
quality and biochemical parameters in individuals with
T2DM, with a particular focus on differences across BMI
categories. Unlike previous studies that examined these
factors independently, the present study provides a com-
bined evaluation of dietary and metabolic profiles within
a single clinical population. Importantly, stratifying par-
ticipants by BMI allows for a more detailed understand-
ing of how adiposity may modify the relationship be-
tween diet quality and metabolic risk. This approach may
produce clinically relevant insights by identifying BMI-
specific patterns that could guide more individualized and
targeted medical nutrition therapy strategies in the man-
agement of T2DM.

METHODS

Sample selection

This cross-sectional study aimed to investigate relation-
ships between diet quality and biochemical parameters
across BMI categories in individuals with T2DM attend-
ing an endocrinology outpatient clinic in Ankara, Tirki-
ye. The study was conducted between September 2023
and May 2024 with 150 individuals with T2DM aged 46—
60 years who were admitted to the Department of Endo-
crinology and Metabolic Diseases on an outpatient basis.
A priori power analysis was conducted using G*Power
software (version 3.1.9.7, Heinrich Heine University,
Diisseldorf, Germany). Assuming an effect size of 0.30,
statistical power of 90%, and type I error level of 0.05,
the minimum required sample size for comparing mean
values across three groups using one-way analysis of var-
iance (ANOVA) was estimated to be 141 participants. To
account for potential data loss and to increase the reliabil-
ity of the study, a total of 150 individuals with T2DM
were included. The study was carried out with approval
from the Cyprus International University Scientific Re-
search and Publication Ethics Committee (date:
02.06.2023, number: EKK22-23/015/016). Only individ-
uals who used oral antidiabetic drugs and did not have
psychiatric illnesses were included in the study. The study
was conducted in accordance with the Declaration of Hel-
sinki and all participants provided written and verbal in-
formed consent prior to participation.

Data collection

The questionnaire form prepared for this study was ad-
ministered face-to-face by a researcher in an endocrinolo-
gy and metabolism outpatient clinic to patients who vol-
untarily agreed to participate in the study. The question-
naire form was developed by the researchers based on
previously published studies in the relevant literature.!>!3
With this questionnaire form, demographic data, diseases
other than T2DM, three-day food consumption records,
body weight and height, BMI, and relevant biochemical
parameters were collected for all participants.

Anthropometric measurements
Body weight and height: Body weight was measured us-
ing a portable bioelectrical impedance analysis device
(SC-240 MA, Tanita, Tokyo, Japan), with capacity of 200
kg and accuracy of 0.1 kg. Height was measured using a
stadiometer (SECA 213, SECA, Hamburg, Germany)
while participants stood barefoot, with feet together and
head positioned in the Frankfort plane. '3

Body Mass Index (BMI): BMI was calculated as
weight (kg) divided by height squared (m?). According to
the WHO classification, BMI values were categorized as
underweight (<18.5 kg/m?), normal (18.5-24.9 kg/m?),
overweight (25.0-29.9 kg/m?), or obese (>30.0 kg/m?).*
Statistical comparisons were performed according to
these BMI categories, with participants classified as being
of normal weight, overweight, or obese.

Dietary assessment

Three-Day Food Consumption Records: Food consump-
tion is generally determined by individual recall or the
record-keeping method. These records are typically based
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on 24-hour periods and the record-keeping may be re-
peated over durations of 3, 5, 7, or more days. This is a
frequently used method.15 In the present study, the three-
day food consumption records (FCRs) of the patients
were obtained in face-to-face interviews with patients
using the food consumption recording method, with the
three days including two weekdays and one day from the
weekend. For the objective evaluation of the amount of
food consumed, an appropriate food and food photog-
raphy catalog was used.'® These dietary records were
evaluated using the current version of the Nutrition In-
formation Systems program (BeBiS, version 7.2, EBISpro
for Windows, Stuttgart, Germany).

Determination of Diet Quality (Healthy Eating Index-
2015): The dietary intake of the participants was assessed
using the three-day FCRs described above. Participants
were asked to record all foods and beverages consumed,
including portion sizes, in detail. To improve the accura-
cy of portion size estimation, a food and food photog-
raphy catalog was used16 and portion sizes were convert-
ed into grams to calculate daily intake amounts. Dietary
data were analyzed to determine daily energy and nutrient
intake using BeBiS nutrition analysis software. The re-
sulting data on food groups and nutrients were then used
to calculate Healthy Eating Index-2015 (HEI-2015) com-
ponent scores. The HEI-2015 is a standardized index de-
veloped to assess adherence to the 2015-2020 Dietary
Guidelines for Americans and it consists of 13 compo-
nents.'® These components are classified as either “ade-
quacy” or “moderation” and are scored on the basis of
energy density (per 1000 kcal) according to standard cri-
teria. Food-group intake (for groups including fruits, veg-
etables, grains, dairy, and protein sources) and nutrient
components (such as sodium, added sugars, and saturated
fats) were converted into the corresponding HEI-2015
component scores. When necessary, local dietary items
were classified according to their closest equivalents
within the HEI-2015 framework to ensure consistency in
scoring. The HEI-2015 was considered an appropriate
index for this study due to its compatibility with dietary
intake data and its widespread use in clinical research.
The total HEI-2015 score, calculated by summing all
component scores, ranges from 0 to 100, with higher
scores indicating better diet quality.!” The calculated so-
dium value only indicates the amount obtained directly
from food. The HEI-2015 score was calculated based on
data from the three-day FCRs for all participants.

Biochemical Findings: Venous blood samples were
collected from all participants into vacuum tubes in the
morning after at least 8 hours of overnight fasting. Blood
samples were processed in the medical biochemistry la-
boratory of the hospital in which the study was carried
out to obtain serum, which was analyzed after an appro-
priate centrifugation process (10 minutes, 3000 rpm). The
biochemical parameters analyzed were as follows: fasting
blood glucose (mg/dL), total cholesterol (mg/dL), HDL-C
(mg/dL), LDL-C (mg/dL), triglyceride (mg/dL), creati-
nine (mg/dL), urea (mg/dL), uric acid (mg/dL), and esti-
mated glomerular filtration rate (€GFR: mL/min/1.73m?),
calculated with the Chronic Kidney Disease Epidemiolo-
gy Collaboration (CKD-EPI) formula.'32° C-reactive pro-
tein (CRP; mg/dL), liver function parameters ALT (U/L)

and AST (U/L), thyroid-stimulating hormone (TSH,
mU/L), vitamin B12 (pg/mL), folic acid (ng/mL), iron
(ng/dL), ferritin (ng/mL), zinc (ug/dL), fasting insulin
(pU/mL), and HbAlc (%) were also measured. A majori-
ty of the biochemical parameters were analyzed using
enzymatic colorimetric methods with a fully automated
biochemistry analyzer (Cobas 6000, Roche Diagnostics
GmbH, Mannheim, Germany).2!*> Hormonal and vitamin
parameters such as TSH, insulin, vitamin B12, folic acid,
and ferritin were measured by electrochemiluminescence
immunoassay using the Cobas €601 module (Roche Di-
agnostics GmbH).2> HbAlc was measured using high-
performance liquid chromatography (Tosoh HLC-723G8,
Tosoh Corporation, Tokyo, Japan). eGFR values were
automatically calculated based on serum creatinine using
the CKD-EPI equation.'®2° All analyses were performed
in accordance with the internal quality control procedures
of the hospital’s laboratory.

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics 26.0 (IBM Corp., Armonk, NY, USA). The prima-
ry outcome was differences in biochemical parameters
across BMI categories, while secondary analyses exam-
ined associations between diet quality and biochemical
markers. Frequency analysis was used to describe the
sociodemographic characteristics and health statuses of
the participants. The chi-square test was applied to com-
pare categorical variables between groups.

The normality of continuous variables, including bio-
chemical parameters and FCRs, was assessed using the
Kolmogorov—Smirnov test, and homogeneity of variances
was evaluated using the Levene test. For variables that
did not meet the assumption of normality, square root and
logarithmic transformations were applied to achieve an
approximate normal distribution. All subsequent analyses
were conducted using parametric tests based on these
assumptions. For comparisons between two independent
groups, the Student independent-samples t-test was used.
For comparisons among three independent groups accord-
ing to BMI categories, one-way ANOVA was applied.
When a statistically significant overall difference was
detected, post hoc pairwise comparisons were performed
using Bonferroni correction.

Pearson correlation analysis was conducted to evaluate
the relationships between variables. The strength of the
correlation coefficient was interpreted as follows: 0.10—
0.39, weak; 0.40-0.69, moderate; 0.70-0.89, strong;
0.90-1.00, very strong.'® To account for the potential
inflation of type I error due to multiple testing, Benja-
mini—Hochberg false discovery rate (BH-FDR) correction
was applied to correlation analyses and group compari-
sons. FDR-adjusted p-values, reported as q-values, were
calculated separately for each BMI subgroup column for
correlation analyses and across all biochemical compari-
sons for group comparisons. Statistical significance after
correction was defined as q <0.05. All results were evalu-
ated at a 95% confidence interval. Unadjusted p-values of
<0.05 were considered nominally significant, while FDR-
adjusted g-values of <0.05 were considered statistically
significant after correction for multiple testing.
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RESULTS

Sociodemographic characteristics and distribution of
chronic diseases other than T2DM

There was no statistically significant difference between
the BMI groups in terms of sex, presence of chronic dis-
eases other than T2DM, or distribution of chronic diseas-
es (p >0.05). However, educational attainment statistical-
ly significantly differed according to BMI groups (p
<0.05). The characteristics of the participants are shown
in Table 1.

Age, height, body weight, BMI, and duration of diabetes
The results of one-way ANOVA for comparisons of age
and T2DM duration among normal-weight, overweight,
and obese individuals are shown in Table 2. There was no
statistically significant difference between these groups in
terms of age or T2DM duration (p >0.05). However, body
weight and BMI values of the obese participants were
found to be statistically significantly higher than those of
normal-weight and overweight participants (p <0.05), as
seen in Table 2.

Biochemical results

The HDL-C values of T2DM patients with normal BMI
were statistically significantly higher than those of the
overweight group (pl <0.05). Triglyceride values were
found to be statistically significantly lower in the normal-
weight group compared to the obese group (p2 <0.05).
Uric acid values of obese individuals with T2DM were
statistically significantly higher compared to normal-

weight and overweight individuals with T2DM (p2 <0.05,
p3 <0.05). The eGFR values of normal-weight individuals
were statistically significantly higher compared to the
obese group (p2 <0.05). CRP values of individuals with
normal BMI were statistically significantly lower com-
pared to both the overweight and obese groups (p1 <0.05,
p2 <0.05). ALT values were statistically significantly
lower in the normal-weight and overweight groups com-
pared to the obese group (p2 <0.05, p3 <0.05). AST val-
ues were statistically significantly lower in the over-
weight group compared to the obese group (p3 <0.05).
Fasting insulin values were statistically significantly low-
er in the group with normal BMI compared to the over-
weight and obese groups (pl <0.05, p2 <0.05). In addi-
tion, fasting insulin levels were statistically significantly
lower in the overweight group compared to the obese
group (p3 <0.05). These findings are presented in Table
4.

FCR results according to BMI groups

There was no significant difference between the groups in
terms of total diet quality score, macronutrient compo-
nents (including protein and fatty acids), sodium intake,
or food group components (including total fruits, whole
fruits, total vegetables, dark green vegetables and leg-
umes, whole grains, dairy products, and processed grains)
(p >0.05). On the other hand, seafood consumption was
found to be statistically significantly higher in the over-
weight group compared to normal-weight and obese indi-
viduals (p <0.05), as shown in Table 5.

Table 1. Sociodemographic characteristics and distribution of chronic diseases other than T2DM according to BMI

groups
Variables Normal Overweight Obese Total v p'
(n=22) (n=51) (n=77) (n=150)
n % n % n % n %
Sex
Male 8 36.4 19 373 26 33.8 53 353 0.175 0.916
Female 14 63.6 32 62.7 51 66.2 97 64.7
Educational status
Elementary school 0 0 1 2.0 11 14.3 12 8.0 17.662 0.024%*
Middle school 3 13.6 5.9 4 5.2 10 6.7
High school 8 36.4 11 21.6 20 26.0 39 26.0
Associate/bachelor’s degree 8 36.4 33 64.6 31 40.2 72 48.0
Graduate degree 3 13.6 3 5.9 11 14.3 17 11.3
Chronic diseases other than
T2DM
Yes 14 63.6 34 66.7 52 67.5 100 66.7 0.117 0.943
No 8 36.4 17 333 25 325 50 33.3
Chronic diseases other than
T2DM
Cardiovascular diseases 8 36.4 18 353 26 33.8 52 34.6 11.426 0.875
Gastrointestinal diseases 0 0 2 39 1 1.3 3 2.0
Musculoskeletal disorders 0 0 0 0 1 1.3 1 0.7
Respiratory system diseases 0 0 2 3.9 0 0 2 1.3
Cancer 1 4.5 1 2 1 1.3 3 2.0
Biliary and liver diseases 0 0 1 2 3 3.9 4 2.7
Endocrine disorders other than 5 22.7 10 19.6 16 20.7 31 20.7
T2DM
Neurological disorders 0 0 0 0 1 1.3 1 0.7
Skin disorders 0 0 0 0 2 2.6 2 1.3

n: frequency, %: percentage, c: statistical significance between overweight and obese group.

fChi-square analysis
% <0.05
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Table 2. Age, height, body weight, BMI, and duration of diabetes according to BMI groups

Variables Normal Overweight Obese p
(n=22) (n=51) (n=77)
X+SD X+£SD X+SD
Mean age (years) 46.9£10.7 49.1£9.72 48.5+11.4 0.723
Height (m) 1.67+0.09 1.66+0.1 1.65+0.09 0.688
Body weight (kg) 64.4+7.44 76.3+9.77 92.4+11.8 0.001 be*
BMI (kg/m?) 23.0+1.13 27.4+1.38 33.8+2.95 0.001 b<*
T2DM duration (years) 6.59+6.84 4.43+5.35 5.34+£5.55 0.320

BMI: body mass index; T2DM: type 2 diabetes mellitus
2 statistical significance between normal and overweight groups
b statistical significance between normal and obese groups

¢ statistical significance between overweight and obese groups. Post hoc comparisons were performed using the Bonferroni test.

*p <0.05

Table 3. Age, height, body weight, BMI, and duration of diabetes according to sex

Variables Female Male Total pf
(n=97) (n=53) (n=150)
X&SD X+SD X+SD
Mean age (years) 47.8«11.6 49.8+8.88 48.5+10.7 0.262
Height (m) 1.61+0.06 1.76+0.07 1.66+0.10 0.001*
Body weight (kg) 77.9+13.12 91.7+13.96 82.8+14.9 0.001*
BMI (kg/m?) 30.1+4.73 29.8+4.63 30.0+4.68 0.653
T2DM duration (years) 5.3445.99 4.98+5.15 5.2145.69 0.713

BMI: body mass index; T2DM: type 2 diabetes mellitus
Student t- test
*p <0.05

Relationships between diet quality and biochemical pa-
rameters

To address the risk of false-positive findings due to mul-
tiple testing, BH-FDR correction was applied to the Pear-
son correlation analyses as shown in Table 6 and the cor-
responding FDR-adjusted p-values (q-values; calculated
separately within each BMI column, m = 20) were ob-
tained. After BH-FDR correction, none of the correlations
remained statistically significant at the FDR threshold.
Although the nominal (uncorrected) p-values suggested a
low positive correlation between total cholesterol and
FCR-based diet quality total scores in the overall sample
(p = 0.016) and low positive correlations between urea
and diet quality total scores in the overweight group (p =
0.005) and the overall sample (p = 0.012), these associa-
tions did not retain statistical significance after adjust-
ment for multiple comparisons (q >0.05). Therefore, the
correlations presented in Table 5 should be interpreted as
exploratory or nominal findings rather than FDR-
confirmed associations.

Comparison of biochemical findings of T2DM patients
according to diet quality groups

To address the potential inflation of type I error due to
multiple comparisons, BH-FDR correction was applied to
the Student t-test p-values as reported in Table 6 and the
corresponding FDR-adjusted p-values (q-values; calculat-
ed across all biochemical comparisons, m = 20) were ob-
tained. In the unadjusted analyses, total cholesterol and
LDL-C levels were lower in the group with poor diet
quality compared to the group with diet quality to im-
prove (total cholesterol: p = 0.011; LDL-C: p = 0.017).
However, after BH-FDR correction, these between-group

differences were no longer statistically significant (total
cholesterol: g = 0.170; LDL-C: q = 0.170). Overall, none
of the biochemical parameters differed significantly be-
tween FCR-based diet quality groups after correction for
multiple testing (q >0.05), as shown in Table 7.

DISCUSSION

The present study evaluated the relationship between diet
quality and biochemical parameters across BMI catego-
ries in individuals with T2DM. The key contribution of
this study lies in its combined assessment of dietary quali-
ty and metabolic markers within BMI-stratified groups,
providing a more nuanced understanding of how adiposi-
ty may influence these relationships. Our findings suggest
that metabolic alterations are more strongly associated
with BMI-related differences than with diet quality alone,
highlighting the importance of considering adiposity
when interpreting diet-metabolism interactions. This
BMlI-based stratification may help to identify subgroup-
specific metabolic patterns, which could be relevant for
developing more tailored and effective medical nutrition
therapy approaches in clinical practice.

The mean age of the normal-weight, overweight, and
obese individuals participating in this study was 46.9 +
10.7, 49.1 £ 9.71, and 48.5 + 11.4 years, respectively. In
all three groups, the majority of the participants were fe-
male. The mean duration of diabetes was 6.59 + 6.84
years in the normal-weight group, 4.32 + 5.37 years in the
overweight group, and 5.32 + 5.55 years in the obese
group. The similar distribution of both age and
duration of diabetes across BMI groups indicates
that the study population was demographically compa-
rable. Furthermore, these demographic characteristics are
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Table 4. Biochemical findings of individuals with type 2 diabetes according to BMI groups'

Biochemical parameters Normal Overweight Obese P
(n=22) (n=51) m=77)
X+SD X+SD X+SD
(min-max) (min-max) (min-max)
Fasting blood glucose (mg/dL) 116.0+42.5 122.8467.7 115.7+40.7 0.960
(80-262) (75-416) (83-305)
Total cholesterol (mg/dL) 194.2429.8 200.2+60.4 206.7+43.7 0.396
(151-277) (25-347) (103-340)
HDL-C (mg/dL) 52.4+11.5 47.5+£12.5 48.4+12.9 0.039 2*
(37-86) (29-91) (25.0-83.8)
LDL-C (mg/dL) 116.7+30.5 132.7+46.4 124.4435.6 0.631
(65.0-176.6) (35.2-249.2) (47.6-235.0)
Triglyceride (mg/dL) 143.0497.3 149.3+69.0 190.6+117.5 0.029 b*
(38-447) (38-328) (52-659)
Creatinine (mg/dL) 0.69+0.20 0.77£0.16 0.82+0.27 0.013 b*
(0.10-1.08) (0.51-1.10) (0.45-2.50)
Urea (mg/dL) 25.4+6.80 25.1+8.46 27.7£11.9 0.877
(12.3-40.0) (7.00-57.7) (8.56-97.7)
Uric acid 4.96+1.76 5.08+1.58 5.96+3.11 0.019 b*
(3.00-9.90) (2.50-10.2) (2.40-29.0) 0.013 ¢*
eGFR 103.3£10.5 98.9+13.7 95.7+14.7 0.009 b*
(78.0-117.2) (60.8-128.6) (54.7-126.5)
CRP (mg/L) 2.04+3.33 3.44+3.38 4.77+7.43 0.001 »*
(0.01-15.5) (0.30-18.3) (0.42-55.1) 0.001 b*
ALT (U/L) 18.110.1 20.3+10.3 29.2423.0 0.007 b*
(3.07-46.0) (7-56) (8.00-145.1) 0.026 °*
AST (U/L) 20.1+£8.23 19.1£7.39 23.7+13.9 0.024 <*
(11-43) (10-45) (10.0-76.1)
TSH (mIU/mL) 3.39+5.15 1.82+1.19 2.21+1.52 0.031 **
(0.01-20.0) (0.05-8.23) (0.08-10.8)
Vitamin B12 (pg/mL) 521.94238.1 488.5+360.6 466.0+231.8 0.688
(5.00-1231.0) (175-2493) (115-1651)
Folic acid (ng/mL) 8.02+3.79 9.03+4.66 8.46+3.91 0.523
(0.01-16.5) (2.59-23.0) (3.40-24.3)
Tron (ng/mL) 80.9+52.2 90.1+41.6 90.3+46.5 0.664
(10.5-240.0) (25-250) (9-300)
Ferritin (ng/mL) 87.1+78.7 99.3+£108.0 85.5+86.3 0.812
(3.53-277.0) (4.00-548.3) (3.92-408.6)
Zinc (mg/dL) 84.0+30.3 87.5+34.5 81.0+19.5 0412
(35-200) (50-298) (40.0-145.5)
Fasting insulin (mIU/L) 9.26+4.14 14.4+9.10 18.4+10.7 0.018 **
(3.03-16.8) (2.79-51.7) (3.79-71.03) 0.001 b*
0.012 ¢*
HbAlc (%) 6.36+1.33 6.55+1.81 6.64+1.44 0.660
(5.00-10.9) (4.90-14.0) (5.0-13.8)

fPost hoc comparisons were performed using the Bonferroni test
2 statistical significance between normal and overweight groups
b statistical significance between normal and obese groups

¢ statistical significance between overweight and obese groups.
*p <0.05

consistent with previous studies conducted with individu-
als with T2DM, which reported similar age ranges and
disease durations.?*?> Importantly, these findings support
the internal validity of the present study by minimizing
the risk of demographic confounding across BMI
groups.

With respect to biochemical parameters, significant dif-
ferences were observed across BMI groups (p <0.05).
Higher HDL-C levels in the normal BMI group compared
to the overweight group (p <0.05), together with elevated
triglyceride levels in the obese group (p <0.05), support
the well-established relationship between increased adi-
posity and adverse lipid profiles. Similarly, the higher
uric acid levels observed in obese individuals (p <0.05)
may reflect increased metabolic burden and insulin re-

sistance associated with excess adiposity.?%2” Inflammato-
ry and insulin resistance markers further support this pat-
tern. The significant increase in CRP and fasting insulin
levels with increasing BMI (p <0.05) indicates that obesi-
ty is closely associated with chronic low-grade inflamma-
tion and metabolic dysfunction. This can be explained by
the role of adipose tissue as an active endocrine organ
that secretes pro-inflammatory cytokines. In this context,
the concept of “meta-inflammation” provides a useful
framework for understanding the underlying mechanisms
linking obesity to insulin resistance.?®?° These findings
are also in line with emerging evidence highlighting the
role of adipose tissue dysfunction and lipotoxicity in driv-
ing metabolic disturbances beyond traditional anthropo-
metric measures.
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Table 5. Healthy Eating Index (HEI-2015) scores of patients with type 2 diabetes mellitus derived from food con-
sumption records according to BMI groups’

Nutritional component Normal Overweight Obese P

(n=22) (n=51) (n=77)

X+SD X+SD X+SD
FCR - Total Protein 3.60+1.06 3.58+0.93 3.55+0.96 0.967
FCR - Total Fruit 1.34+1.41 1.63+1.39 2.12+1.59 0.099
FCR - Full Fruit 2.5842.26 2.99+1.93 3.62+1.80 0.081
FCR - Total Vegetables 2.82+1.61 2.71£1.35 2.80£1.62 0.942
FCR - Dark Greens and Legume 4.27£1.62 4.32+1.64 4.08+1.75 0.718
FCR - Whole Grains 4.50+4.05 3.63+4.25 4.01+4.17 0.711
FCR - Milk Group 5.31+£2.86 4.4942.70 5.09+£2.75 0.371
FCR - Seafood 3.03+1.46 3.76+1.16 3.39+1.25 0.021 »*
FCR - Fatty Acids 3.50+3.00 3.46+3.03 3.25+3.05 0.905
FCR - Sodium 6.13+3.94 6.54+3.36 6.14+£3.31 0.793
FCR - Added Sugar 8.73+2.68 8.13+2.56 8.38+2.93 0.693
FCR - Saturated Fat 4.54+3 41 3.71+£3.27 3.67+2.90 0.491
FCR - Processed Grain 8.044+4.09 5.38+3.62 6.74+3.91 0.023 2*
FCR - Diet Quality Score 58.4+11.8 54.3+10.5 56.8+11.4 0.291

FCR: food consumption record; a: statistical significance between normal and overweight groups.
fPost hoc comparisons were performed using the Bonferroni test
*p <0.05

Table 6. Correlations between FCR-based diet quality scores and biochemical parameters of patients with type 2
diabetes mellitus according to BMI groups

Biochemical parameters FCR diet quality total score
Normal Overweight Obese Total
(n=22) (n=751) (n=77) (n=150)

Fasting blood glucose

r 0.104 0.142 -0.090 0.027

p 0.646 0.321 0.436 0.747

q (FDR) 0.940 0.644 0.949 0.928
Total cholesterol

r 0.378 0.198 0.173 0.197

p 0.082 0.163 0.132 0.016*

q (FDR) 0.547 0.543 0.949 0.160
HDL-C

r -0.027 0.268 0.037 0.113

p 0.905 0.057 0.748 0.169

q (FDR) 0.961 0.325 0.949 0.928
LDL-C

r 0.267 0.052 0.041 0.055

p 0.229 0.715 0.723 0.502

q (FDR) 0911 0.794 0.949 0.928
Triglyceride

r 0.072 -0.265 0.054 -0.030

p 0.752 0.060 0.640 0.714

q (FDR) 0.940 0.325 0.949 0.928
Creatinine

r -0.151 0.173 0.048 0.015

p 0.501 0.225 0.676 0.858

q (FDR) 0.911 0.643 0.949 0.928
Urea

r 0.216 0.389 0.093 0.204

p 0.335 0.005* 0.420 0.012*

q (FDR) 0911 0.100 0.949 0.160
Uric acid

r 0.168 0.067 0.007 0.057

p 0.456 0.640 0.949 0.492

q (FDR) 0911 0.794 0.949 0.928
eGFR

r 0.005 -0.222 -0.066 -0.099

p 0.982 0.118 0.566 0.226

q (FDR) 0.982 0.472 0.949 0.928

FCR: food consumption record; FDR: false discovery rate; r: Pearson correlation coefficient; p: two-tailed p-value for Pearson correla-
tion; q: Benjamini-Hochberg FDR-adjusted p-value

*p <0.05
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Table 6. Correlations between FCR-based diet quality scores and biochemical parameters of patients with type 2

diabetes mellitus according to BMI groups (cont.)

Biochemical parameters

FCR diet quality total score

Normal Overweight Obese Total
(n=22) (n=51) n=77) (n=150)

CRP

T -0.156 0.093 0.032 -0.014

p 0.490 0.516 0.782 0.867

q (FDR) 0911 0.794 0.949 0.928
ALT

r -0.168 0.053 -0.070 -0.041

p 0.455 0.712 0.544 0.622

q (FDR) 0911 0.794 0.949 0.928
AST

r -0.415 -0.079 0.019 -0.036

p 0.055 0.583 0.872 0.663

q (FDR) 0.547 0.794 0.949 0.928
TSH

r -0.182 0.131 -0.211 -0.085

p 0.416 0.360 0.065 0.300

q (FDR) 0.911 0.655 0.949 0.928
Vitamin B12

r -0.271 0.261 0.012 0.077

p 0.223 0.065 0.920 0.347

q (FDR) 0911 0.325 0.949 0.928
Folic acid

r 0.025 -0.105 0.109 0.007

p 0.913 0.462 0.345 0.928

q (FDR) 0.961 0.770 0.949 0.928
Iron

r 0.400 -0.052 -0.015 0.037

p 0.065 0.715 0.895 0.651

q (FDR) 0.547 0.794 0.949 0.928
Ferritin

r 0.070 0.144 0.016 0.060

p 0.757 0.313 0.893 0.468

q (FDR) 0.940 0.644 0.949 0.928
Zinc

r -0.058 -0.028 0.015 -0.025

p 0.799 0.843 0.897 0.765

q (FDR) 0.940 0.843 0.949 0.928
Fasting insulin

r 0.067 0.043 -0.053 -0.012

p 0.766 0.762 0.649 0.882

q (FDR) 0.940 0.802 0.949 0.928
HbAlc

r 0.078 0.141 -0.039 0.041

p 0.730 0.322 0.735 0.615

q (FDR) 0.940 0.644 0.949 0.928

FCR: food consumption record; FDR: false discovery rate; r: Pearson correlation coefficient; p: two-tailed p-value for Pearson correla-

tion; q: Benjamini-Hochberg FDR-adjusted p-value
*p <0.05

In addition, the lower eGFR values observed in obese
individuals (p <0.05) suggest that obesity-related meta-
bolic stress may negatively affect renal function.’® Ele-
vated liver functions in the obese group as reflected by
ALT and AST values (p <0.05) further support the asso-
ciation between increased adiposity and hepatic metabolic
burden, including non-alcoholic fatty liver disease.’'?
However, the absence of significant differences in some
parameters, such as fasting glucose, LDL-C, and HbAlc
(p >0.05), indicates that metabolic alterations do not oc-
cur uniformly across all biomarkers and may vary be-
tween individuals.?>3* This heterogeneity further empha-
sizes the need for comprehensive metabolic assessment
beyond single biomarkers.

Regarding diet quality, no significant differences were
observed across BMI groups in terms of total HEI-2015
scores, macronutrient components, or most food groups
(p >0.05). This suggests that diet quality may not neces-
sarily differ by BMI in clinical populations. Consistent
with this, recent studies have reported that diet quality
indices such as the HEI-2015 may have limited discrimi-
native capacity in relatively homogeneous clinical popu-
lations.3'*3 On the other hand, some studies have
demonstrated that higher diet quality is associated with
improved cardiometabolic outcomes.?>333¢ The discrep-
ancy between these previous findings and those of the
present study may be explained by differences in study
design, sample size, and duration of dietary assessment.
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Table 7. Comparison of biochemical findings of patients with type 2 diabetes mellitus according to FCR-based diet

quality groups
Biochemical parameters Poor diet quality Diet quality to improve pf q (FDR)
(n=40) (n=110)
X+SD X+SD
(min-max) (min-max)
Fasting blood glucose 116.6+42.0 118.8+54.9 0.563 0.804
(80-305) (75-416)
Total cholesterol 184.6+44.8 209.2+48.4 0.011* 0.170
(25-273) (115-347)
HDL-C 47.5+10.8 49.1£13.2 0.483 0.743
(32-78) (25-91)
LDL-C 115.1£35.8 130.2439.7 0.017* 0.170
(47.6-223.6) (35.2-249.2)
Triglyceride 163.24+89.4 171.5£106.4 0.743 0.808
(38-375) (38-659)
Creatine 0.76+0.16 0.79+0.25 0.420 0.743
(0.50-1.10) (0.10-2.50)
Urea 24.28+10.16 27.34+10.17 0.082 0.500
(7.00-57.7) (8.56-97.70)
Uric acid 5.37+1.88 5.56+2.73 0.697 0.808
(2.50-12.0) (2.40-29.0)
eGFR 99.6£12.9 97.3+14.4 0.457 0.743
(71.8-124.3) (54.7-128.6)
CRP 3.40+3.48 4.09+6.51 0.792 0.808
(0.30-15.5) (0.01-55.1)
ALT 24.6+£23.4 24.4+16.5 0.464 0.743
(3.07-145.1) (7-89)
AST 22.2+12.8 21.4+10.8 0.800 0.808
(10.0-76.1) (10-69)
TSH 2.74+3.06 2.07+2.06 0.233 0.743
(0.02-17.6) (0.01-20.0)
Vitamin B12 426.2+189.7 502.3£307.9 0.100 0.500
(115.9-1033.0) (5.00-2493.1)
Folic acid 8.51+3.60 8.62+4.36 0.795 0.808
(3.34-17.1) (0.01-24.3)
Iron 80.5+35.7 91.9+48.4 0.312 0.743
(10.5-183.8) (9-300)
Ferritin 90.1£96.0 90.7+£92.4 0.391 0.743
(3.92-353.2) (3.53-548.3)
Zinc 87.9+44.2 82.2+17.3 0.446 0.743
(40-298) (35-155)
Fasting insulin 16.5+9.29 15.4+£10.2 0.409 0.743
(4.46-43.8) (2.79-71.0)
HbAlc 6.39+1.14 6.64+1.68 0.808 0.808
(4.90-10.30) (5-14)

FCR: food consumption record; FDR: false discovery rate; p: two-tailed p-value from Student independent-samples t-test; q: Benjamini-

Hochberg FDR-adjusted p-value
Student t-test
*p <0.05

In particular, the use of short-term dietary records in this
study may not fully capture long-term dietary patterns,
potentially attenuating the observed associations.’*3” In
addition, the relatively homogeneous clinical characteris-
tics of the study population and regional dietary patterns
may have contributed to the lack of observed differences
in diet quality across BMI groups in the present study.

A notable finding of this study was the higher level of
seafood consumption observed in the overweight group (p
<0.05). This suggests that individual food group con-
sumption may vary independently of overall diet quality
scores. Although seafood intake has been associated with
cardiometabolic benefits, particularly due to omega-3
fatty acid contents, this relationship is often evaluated at
the level of specific nutrients rather than composite diet
quality indices, and findings from observational studies

remain inconsistent.’¢383% Therefore, this finding should
be interpreted cautiously and not taken as evidence of a
causal relationship.

Upon examining the relationship between diet quality
and biochemical parameters, weak positive correlations
were initially observed between total cholesterol (p =
0.016) and urea (p = 0.005; p = 0.012) levels and FCR-
based diet quality scores. However, these associations did
not remain statistically significant after applying BH-
FDR correction (q >0.05). Similarly, differences in total
cholesterol (p =0.011) and LDL-C (p = 0.017) across diet
quality groups were no longer significant after FDR ad-
justment (q = 0.170). These findings highlight the im-
portance of accounting for multiple comparisons, particu-
larly in studies evaluating numerous biochemical parame-
ters. The loss of statistical significance after this correc-
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tion suggests that the observed associations may be at-
tributable to chance. Consistent with this, recent studies
have reported that associations between diet quality indi-
ces and biochemical parameters are often weak and may
not remain significant after correction for multiple test-
ing,3335:40

From a broader perspective, emerging adiposity-related
markers such as the triglyceride—glucose (TyG) index, the
Metabolic Score for Insulin Resistance (METS-IR), and
the waist-to-height ratio have gained attention as more
sensitive indicators of metabolic risk. Although these
markers were not included in the present study, their inte-
gration into future research may provide a more compre-
hensive understanding of the relationship between diet
quality and metabolic health in individuals with T2DM.

From a clinical perspective, these findings suggest that
focusing solely on diet quality may not be sufficient in
the management of T2DM. The strong association be-
tween BMI and metabolic parameters underscores the
importance of body weight management as a key thera-
peutic target. Therefore, individualized nutrition interven-
tions that integrate both diet quality improvement and
weight management may be more effective in clinical
practice, particularly in outpatient settings. In addition,
routine clinical assessment may benefit from incorporat-
ing both dietary evaluations and biochemical monitoring
to support more personalized and effective management
strategies.

Overall, this study contributes to the literature by
providing a region-specific integrated evaluation of diet
quality and biochemical parameters in individuals with
T2DM, providing insights that may offer guidance for
both clinical practice and future research.

This study has several limitations to be noted. First, the
cross-sectional design precludes causal inferences. Sec-
ond, as the study was conducted in a single-center outpa-
tient setting, the generalizability of the findings may be
limited. Third, dietary intake was assessed using short-
term food records, which may not fully reflect habitual
dietary patterns and may be subject to reporting bias, in-
cluding underreporting or changes in the usual intake
during the recording period. In addition, the large number
of biochemical markers, dietary components, group com-
parisons, and correlation analyses examined increases the
likelihood that some nominally significant findings may
have occurred by chance due to multiple testing. Alt-
hough BH-FDR correction was applied to the Pearson
correlation analyses and Student t-test comparisons, none
of the initially significant results remained statistically
significant after adjustment. Furthermore, no multivaria-
ble analyses were performed to control for potential con-
founding factors such as age, sex, diabetes duration, or
comorbidities. Given the relatively limited sample size
and the high number of variables examined, the inclusion
of multiple covariates in regression models could have
resulted in model overfitting and unstable estimates.
Therefore, the findings of this study should be interpreted
as exploratory and hypothesis-generating rather than con-
firmatory or indicative of independent associations. De-
spite these limitations, the study contributes to the litera-
ture by simultaneously evaluating diet quality and bio-
chemical parameters in individuals with T2DM. Future

studies with prespecified primary outcomes and adequate
statistical power are warranted to validate these findings.

Conclusion

Biochemical parameters differed significantly across BMI
categories in individuals with T2DM, underscoring the
central role of adiposity in metabolic risk. In contrast, the
association between diet quality and biochemical markers
was limited and did not remain significant after adjust-
ment for multiple testing. These findings suggest that
BMlI-based stratification may be more informative than
diet quality alone in understanding metabolic variation in
clinical populations and highlight the importance of
weight management alongside dietary strategies in clini-
cal practice.
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