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Abstract: Background/Objectives: The prognostic nutritional index (PNI) and Glasgow Prognostic
Score (GPS) are associated with patients’ nutritional and immune statuses. One important factor in
the pathophysiology of type 2 diabetes mellitus (T2DM) is inflammation. Being present in insulin-
target tissues, chronic tissue inflammation has become recognized as a crucial aspect of obesity and
type 2 diabetes. This study aimed to compare the PNI and GPS levels of the subjects with T2DM
to those of prediabetes (preDM) individuals. Furthermore, the goal was to investigate how these
inflammatory markers relate to different types of obesity and whether the combination of PNI, GPS,
and obesity-related indices was associated with any particular prognostic variables. Methods: In this
study, we enrolled one-hundred patients with newly diagnosed T2DM and one-hundred patients
with preDM. Results: Four findings emerged from this observational study. As a first observation,
28% of patients with preDM and 15% of patients with T2DM had a normal weight, while up to 43% of
patients with preDM and 60% of patients with T2DM were obese. The second important observation
was that the PNI of the T2DM patients was significantly lower than the PNI of the patients with
preDM (p < 0.0001). The PNI showed that patients with T2DM had a moderate-to-severe malnutrition
status (median value of 38.00). Patients with preDM had a mild-to-moderate malnutrition status
(median value of 61.00) at diagnosis. Third, observed in the current study, preDM patients with
PNI < 61.00 and T2DM patients with a PNI < 38.00 were associated with significantly higher median
values of the waist-to-height ratio (WHtR) (p = 0.041, and p = 0.034, respectively) and body mass index
(BMI) (p = 0.016, and p = 0.041, respectively). Fourth, this study also revealed, in the T2DM group,
a moderate and statistically significant negative correlation between PNI and weight (rho = —0.322,
p = 0.035), waist circumference (WC) (rho = —0.308, p = 0.042), hip circumference (HC) (rho = —0.338,
p =0.039), WHIR (rho = —0.341, p = 0.022), body adiposity index (BAI) (rho = —0.312, p = 0.032), and
fasting plasma glucose (FPG) (rho = —0.318, p = 0.029). Additionally, the PNI values expressed a
weak negative correlation with BMI (rho = —0.279, p = 0.015), and glycated hemoglobin Alc (HbAlc)
(rho = —0.245, p = 0.025). The PNI levels exhibited a single positive correlation, weak but statistically
significant, with estimated glomerular filtration rate (eGFR-CKD-EPI) values (rho = 0.263, p = 0.018).
Conclusions: The findings of this study regarding the correlations between PNI, GPS, and different
obesity-related indices in people with diabetes or prediabetes suggest that these indices, which assess
nutritional and inflammatory status, can be used as independent predictor factors associated with the
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four pillars of DM management (glucose, blood pressure, lipids, and weight control) recommended
by the American Diabetes Association (ADA).

Keywords: prognostic nutritional index; Glasgow Prognostic Score; body mass index; waist to hip
ratio; waist to height ratio; body adiposity index

1. Introduction

Diabetes is one of the twenty-first century’s worldwide health emergencies with the
quickest growth rate, according to the findings of the 10th edition of the International
Diabetes Federation (IDF) Diabetes Atlas [1]. Forecasts indicate that 537 million people
worldwide had diabetes in 2021, which will rise to 643 million by 2030, and reach 783 million
by 2045. Furthermore, it is projected that 541 million individuals will have impaired glucose
tolerance by 2021 [2].

Prediabetes (preDM) is a condition preceding diabetes wherein blood glucose is higher
than normal yet below the diabetes limit [3,4]. It is typically defined as an intermediate
state of hyperglycemic concentration in the blood with a high potential to progress to type
2 diabetes mellitus (T2DM) [4,5].

According to the American Diabetes Association (ADA), prediabetes is diagnosed
when the fasting plasma glucose (FPG) is between 100 and 125 mg/dL or glycated
hemoglobin Alc (HbAlc) levels are between 5.7 and 6.4% [3-5]. The progression from
prediabetes to diabetes can occur slowly over the years; once the disease is established, it
will be irreversible [6,7]. Therefore, awareness of the condition and immediate intervention
can be indispensable to prevent or at least delay the onset of T2DM [8].

Around 5-10% of all prediabetic subjects develop T2DM yearly in the United States [9,10].
Some studies showed a conversion to diabetes can occur within five years if prediabetes is
left untreated [11].

Studies have confirmed a strong association between obesity and prediabetes [12,13].
Indeed, central (visceral) obesity is strongly linked to developing T2DM [13]. Other risk
factors include physical inactivity, hypertension, dyslipidemia (high triglycerides or low
high-density lipoprotein, cholesterol), family history of diabetes, gestational diabetes, and
smoking [12-14].

Adults with body mass index (BMI) > 25 kg/ m?2 and additional risk factors should be
screened for prediabetes. If there are no risk factors, screening should not occur later than
age 45. FPG, two-hour plasma glucose (2 h PG) after a 75 g oral glucose tolerance test, and
HbAIlc are all validated tests to diagnose prediabetes [12]. Previously, studies [15-17] have
frequently employed BMI to measure weight, but it was unable to differentiate between
patients who were abdominally or generally obese. Further research is needed to determine
whether the waist-to-hip ratio (WHR) waist-to-height ratio (WHtR), and body adiposity
index (BAI) are related to immunological and nutritional status.

Studies to explore the relationship between obesity and the nutritional and immuno-
logical status among Romanian people are also limited. Therefore, this retrospective study
assessed the association of obesity-related indices with immunological and nutritional
factors, such as the prognostic nutritional index (PNI) and Glasgow Prognostic Score (GPS),
among T2DM and preDM patients using the data of two university clinical hospitals repre-
sentative for Dolj County, Romania. We also wanted to identify the possible correlation
between them.

PNl is evaluated by the lymphocyte (LYM) count of the peripheral blood and serum
albumin (ALB), which is a biomarker that integrates nutritional status, immune state,
and inflammation condition. It was originally founded by Japanese scholars Onodera
et al. [18-21] in 1984 to evaluate the nutritional and immunological condition of cancer
patients having gastrointestinal surgery. In recent years, PNI has increasingly emerged
as a novel prognostic indicator for various disorders, including heart failure [22-25] and
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the coronavirus disease 2019 (COVID-19) [26]. Diabetes and obesity have recently been
identified as risk factors for severe COVID-19 disease [27,28]. The PNI has been identified
as a predictor of mortality in older patients with chronic kidney disease (CKD) [29]. The
correlation between PNI and the prognosis of diabetic nephropathy (DN) in patients with
T2DM remains ambiguous. Furthermore, a notable correlation existed between serum ALB
levels and the severity of retinopathy in T2DM [30].

2. Materials and Methods

Over six months, we carried out an epidemiological, non-interventional, and cross-
sectional study. In this study, one-hundred-eighty-five consecutive patients with newly
diagnosed T2DM were enrolled, while one-hundred patients with preDM who matched
the inclusion criteria in terms of age, gender ratio, and urban/rural location made up the
control group. This study was conducted by the Declaration of Helsinki, and approved by
the Ethics Committee of the Filantropia Municipal Clinical Hospital (no. 886/15 January
2024) and Emergency County Clinical Hospital of Craiova (no. 2371/14 January 2022),
Dolj, Romania.

2.1. Patient Selection

The following conditions had to be met to be included in the study: individuals with
type 2 diabetes who were older than eighteen years were chosen from the Outpatient Dia-
betes, Nutrition, and Metabolic Diseases Departments of the Filantropia Municipal Clinical
Hospital and the Emergency County Clinical Hospital of Craiova. All the participants were
voluntarily included in the study, after signing the informed consent.

Patients with chronic microvascular complications of T2DM at diagnosis, which in-
clude diabetic peripheral polyneuropathy, diabetic kidney disease, and diabetic retinopathy
were excluded from the study. Diabetic retinopathy (DR) was diagnosed following a dilated
fundus examination [31]. As advised by the American Diabetes Association (ADA), diabetic
peripheral neuropathy was evaluated using a combination of temperature sensation (for
small fiber function) and vibration sensation (for large fiber function) tests, as well as the
presence of characteristic symptoms (pain, dysesthesias, numbness) [31]. Guidelines from
Kidney Disease: Improving Global Outcomes (KDIGO) were used to assess the existence of
CKD [32].

Patients under the age of 18, pregnant women, those who had experienced an acute
infection or inflammatory disease in the last month, those with a chronic infection or
inflammatory disease, and cancer patients were excluded from the study.

2.2. Assessment of Diabetes and Prediabetes

One of the following criteria can be used to define prediabetes: (1) a diagnosis made
by a medical professional; (2) a hemoglobin Alc (HbAlc) level greater than 5.7% and less
than 6.5%; (3) a fasting plasma glucose (FPG) level between 5.6 mmol/L and 7.0 mmol/L;
or (4) a 2 h FPG value during an oral glucose tolerance test (OGTT) between 7.8 mmol/L
and 11.0 mmol/L [33]. Patients who presented with obesity (especially abdominal or
visceral obesity), dyslipidemia with elevated triglycerides and /or low HDL cholesterol, and
hypertension, and met the criteria mentioned above, were included in the preDM group.

A diagnosis of diabetes is made if one or more of the following conditions are sat-
isfied: a medical diagnosis that has been verified by the patient’s healthcare providers;
an HbAlc level that is greater than 6.5%; an FPG level of 7.0 mmol/L or higher; a ran-
dom blood glucose level of 11.1 mmol/L or higher; a two-hour blood glucose level that
is greater than 11.1 mmol/L after an OGTT; or random glucose value accompanied by
classic hyperglycemic symptoms (e.g., polyuria, polydipsia, and unexplained weight loss)
or hyperglycemic crises [33].

One-hundred out of one-hundred-eighty-five patients T2DM patients completed the
study and were included in the final analysis, while eighty-five were lost to follow-up for
the following reasons: diabetic peripheral polyneuropathy (n = 30), diabetic kidney disease
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(n = 25), diabetic retinopathy (n = 20), unwillingness to continue (n = 5), and relocation
(n =5).

2.3. Medical History, Biometric Parameter Assessment, and Demographic Data

Data on anthropometric measures, medical variables, laboratory test results, and
demographic and lifestyle details were all intended to be gathered through an interview
questionnaire.

Age, sex, household income each month, and educational attainment were among
the demographic factors. Factors related to lifestyle and health included the presence of a
smoking history or drinking history; a family history of hypertension, diabetes mellitus, and
cardiovascular diseases; and the amount of time spent engaging in intentional moderate
physical activity each week.

2.4. Different Obesity-Related Indices (BMI, WHR, WHIR, and BAI) Assessment

We determined the body mass index (BMI) using the participant’s height and weight
measurements. The calculation is BMI = weight (kilograms) /height? (meters). The patient’s
nutritional status was evaluated according to BMI, using the WHO criteria [28]. BMI was
categorized into normal weight (18.5-22.9 kg/m?), overweight (23.0-25.0 kg/m?), and
obese (>25.0 kg/m?), according to the WHO. We measured the weight with a weight scale.
Using a measuring stick on the weight scale, the height was determined.

The hip circumference (HC) over the femoral trochanters and the waist circumference
(WCQ) at the halfway between the upper iliac crest and the lower border of the rib cage
were measured. The waist-to-hip ratio (WHR), which is computed using the formula
WC (cm)/HC (cm), was another tool used to measure abdominal obesity. Visceral adi-
posity was also evaluated using the waist-to-height ratio (WHtR), which was computed
using the formula WC (cm) /height (cm). The body adiposity index (BAI) was calculated:
BAI = ((hip circumference)/((height)1.5) — 18) [34]. Due to the lack of standard categories,
we classified WHR, WHtR, and BAI into quarters.

2.5. Laboratory Investigations

After collecting anthropometric data, we brought the subjects to the laboratory for
further investigation.

Laboratory data, blood urea nitrogen (BUN), creatinine (CREA), uric acid (UA), fasting
plasma glucose (FPG), two-hour plasma glucose after a 75 g oral glucose tolerance test
(2hPG), glycosylated hemoglobin Alc (HbAlc), total cholesterol (TC), total triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), C-reactive protein (CRP), and albumin (ALB) were determined using the chemi-
luminescence immunological technique and an automatic immunoassay analyzer (Cobas
e411, Roche Diagnostics GmbH, Mannheim, Germany).

Using flow cytometry and Coulter’s principle, we were able to obtain an extended
leukocyte formula of 5 diff (Ruby Cell-Dyne, Abbott, Abbott Park, IL, USA) and de-
termine the hemoleucogram markers: hemoglobin (Hb), white blood cells/leukocytes
(WBC), neutrophils (NEU), lymphocytes (LYM), monocytes (MON), platelets (PLT), and
hemoglobin (Hb).

Measurements of serum creatinine were made, and the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula [35], and the Modification of Diet in
Renal Disease Study (MDRD-Study) [36] were used to determine the estimated glomerular
filtration rate (eGFR).

2.6. Prognostic Nutritional Index and Glasgow Prognostic Score Calculations

Based on the absolute lymphocyte count and serum ALB level, the prognosis nu-
tritional index (PNI) is calculated. The PNI was calculated according to the acknowl-
edged formula: 10 X serum albumin (g/dL) + 0.5% X total lymphocyte number (per
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mm?) [37]. Interpretation: PNI value > 50—Normal, PNI value < 50—Mild malnutrition,
PNI value < 45—Moderate-to-severe malnutrition, PNI value < 40—Serious malnutrition.

CRP and ALB levels were used to calculate the Glasgow Prognostic Score (GPS);
patients with CRP < 10 mg/L and ALB > 35 g/L were allocated to the GPSO group.
Patients with only CRP > 10 mg/L were assigned to the GPS1 group. Patients who had
both CRP > 10 mg/L and ALB < 35 g/L [38] were assigned to the GPS2 group.

Provided that 61.00 was the median value among the 100 preDM patients, and 38.00 for
the 100 T2DM patients, respectively, we used the median of PNI scores as classified criteria
and patients were divided into two groups: low PNI (<61.00, and <38.00, respectively)
group and high PNI (>61.00, and >38.00, respectively) group.

2.7. Statistical Analysis

Using Microsoft Excel, we processed and handled patient data from medical records.
To analyze the data, we utilized GraphPad Prism 10.3.1 Version (GraphPad Software, LLC,
San Diego, CA, USA). The D’Agostino and Pearson normality tests were used to determine
whether the data were normal.

The following variables’ means are shown alongside their standard deviations (SD):
Hb, WBC, NEU, LYM, MON, PLT, ALB, CRP, ESR, BUN, Crea, UA, FPG, 2hPG, HbAlc, TC,
TG, LDL-C, HDL-C, and BUN all had normal distributions. It was demonstrated that the
distributions of height, weight, WC, HC, WHR, WHIR, and BAI were non-normal, and the
data are displayed as the median with interquartile range. The category values are stated
as percentages.

Continuous variables were evaluated using the one-way ANOVA or the Kruskal—-
Wallis test (used for non-Gaussian distributions) to find the difference between groups and
the x? test was used for categorical variables.

Spearman’s coefficients (—1 < rho < 1) were used to see if there were any significant
correlations between the levels of BMI, height, weight, WC, HC, WHR, WHtR, BAI, ALB,
CRP, WBC, NEU, LYM, MON, PLT, PNI, and ESR.

3. Results
3.1. Clinical and Demographic Features of the Patients with Prediabetes and Diabetes

In this study, we included 100 patients diagnosed with T2DM, aged between 31 and
75 years, with a mean = standard deviation (SD) age of 54.11 = 6.33, consisting of 43 women
and 57 men. In the control group, the preDM group, we found that the mean + SD age
was 50.08 £ 7.46, and women predominated with a percentage of 56. Thus, a statistically
significant difference was observed regarding age (p = 0.003), but not in the case of gender
(x*(1) =3.38, p = 0.066). In terms of where the patients lived, we saw that most of the people
in both the T2DM and preDM groups (65 and 61 patients, respectively) were from rural
areas. There was no statistically significant difference between the two groups (x*(1) = 0.34,
p = 0.560).

Analyzing the lifestyle factors of smoking and drinking histories, we identified that
more patients with T2DM are smokers and alcohol consumers, with the differences being
statistically significant (p = 0.007 and, respectively, p < 0.0001).

Personal history was another important difference between the T2DM and the preDM
group based on statistics; diseases such as having hypertension, dyslipidemia, or hep-
atosteatosis were found in more than 55% of patients. In the same context, systolic blood
pressure (SBP), and diastolic blood pressure (DBP) had statistically significantly higher
mean values in the T2DM group.

Regarding the measured anthropometric parameters (height, weight, waist circumfer-
ence (WC), and hip circumference (HC)) and different obesity-related indices (WHR, WHIR,
BAI, and BMI), there were statistically significant differences between the two groups for
the mean values of height (p = 0.009) and the medians for WHR (p = 0.018), while the
mean values of weight and BMI reached the significance limit (p = 0.059 and p = 0.055,
respectively).
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The analysis of laboratory parameters highlighted that both the parameters determined

for diagnosing T2DM and those of the lipid profile showed statistically significant higher
mean values compared to the means of the preDM group, as can be seen in Table 1.

Table 1. Clinical and demographic features of the patients with prediabetes and diabetes.

p-Value from

Characteristics pre(lz IZI 1(;(1;;)11}’ TZEI\: l(i;)(;up Pearson’s Chi-Squared/
Student’s t-Test
Demographic characteristics
Age (yrs) (mean + SD) 50.08 £ 7.46 54.11 + 6.33 0.003 *
Gender, Female/Male (n) 56/44 43/57 0.066
Area of residence, Rural/Urban (n) 61/39 65/35 0.560
Medical history and clinical condition

Smoking history, No/Yes (1) 57/43 38/62 0.007 *
Drinking history, No/ Yes (1) 72 44/56 <0.0001 *
Education, No/Yes (n) 63/37 75/25 0.034 *
Hypertension, 1 (%) 47 (47%) 78 (78%) <0.0001 *
Dyslipidemia, n (%) 43 (48%) 68 (68%) 0.0004 *
Hepatosteatosis, 1 (%) 34 (34%) 55 (55%) 0.003 *
SBP (mmHg) (mean =+ SD) 132.20 £+ 16.70 137.40 £ 15.67 0.018 *
DBP (mmHg) (mean + SD) 77.81 +£12.11 83.86 £ 10.65 0.0006 *
Height (cm) (mean £ SD) 1.64 +£0.15 1.69 £0.11 0.009 *
Weight (kg) 83.00 89.00 0.059 **
[median (range)] (56.00-140.50) (17.00-122.00)
WC (c.:m) 100.00 105.00 0.209
[median (range)] (58.00-171.00) (80.00-143.00)
HC (c‘m) 106.00 106.50 0263
[median (range)] (65.00-195.00) (76.00-146.00)
WHR 0.94 0.98 0.018 *
[median (range)] (0.59-1.68) (0.86-1.18)
WHtR 61.02 61.70 0715
[median (range)] (33.92-95.00) (44.20-87.50)
BMI (kg/m?) (mean + SD) 28.18 £ 6.09 32.01 £5.24 0.055 **
BMI category (1)

Normal (18.5-24.9 kg/m?) 28 15 0.031*

Overweight (25-29.9 kg/ m?) 29 25 0.256

Obese (>30 kg/m?) 43 60 0.010 *
BAI 30.95 29.93 0197
[median (range)] (10.08-67.70) (16.29-62.27)

Laboratory examination

FPG (mmol/L) (mean + SD) 108.50 £ 6.12 210.20 + 27.83 <0.0001 *
2hPG (mmol/L) (mean + SD) 167.20 + 14.14 332.30 + 40.23 <0.0001 *
HbAlc (%) (mean + SD) 5.82 +0.52 10.17 £1.98 <0.0001 *
TC (mmol/L) (mean + SD) 183.30 £+ 47.33 220.20 + 54.43 <0.0001 *
TG (mmol/L) (mean £ SD) 125.50 £ 65.81 188.00 £ 108.60 <0.0001 *
LDL-C (mmol/L) (mean =+ SD) 103.70 £+ 42.13 136.50 £ 48.70 <0.0001 *
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Table 1. Cont.

p-Value from

Characteristics pre(lz IZI 1%5;)11}’ ngll\;[ ﬁ)z(;up Pearson’s Chi-Squared/
Student’s t-Test

HDL-C (mmol/L) (mean + SD) 53.64 + 12.78 43.28 + 13.38 <0.0001 *
eGFR (mL/min/1.73 m?)

CKD-EPI 87.50 90.50 0.993

[median (range)] (38.00-117.00) (29.00-129.00)

MDRD—STUDY 83.50 89.50 0

[median (range)] (38.00-147.00) (29.00-147.00)
BUN (mg/dL) (mean + SD) 41.62 +17.07 40.79 + 14.81 0.718
Crea (mg/dL) (mean & SD) 0.87 £ 0.37 091 +£0.24 0.454
UA (mg/dL) (mean =+ SD) 5.61 + 1.46 498 £ 1.61 0.006 *
Hb (g/dL) (mean & SD) 13.50 + 1.86 1455+ 1.73 0.0002 *
WBC (x10%/uL) (mean + SD) 792 +£1.93 8.68 £+ 2.83 0.026 *
NEU (x10%/uL) (mean + SD) 487 £ 147 5.29 + 3.02 0.211
LYM (x10%/uL) (mean + SD) 227 £0.71 2.67 +0.89 0.0001 *
MON (x10%/uL) (mean + SD) 0.53 £0.16 0.55 £ 0.18 0.298
PLT (x103/uL) (mean =+ SD) 248.30 & 75.02 233.10 4+ 71.48 0.177

Malnutrition

ALB (g/dL) (mean =+ SD) 6.19 + 0.37 3.89 +0.78 <0.0001 *
CRP (mg/dL) (mean =+ SD) 27.46 + 19.65 4791 + 36.27 <0.0001 *
ESR (mm/1st h) (mean + SD) 35.01 £ 25.42 38.43 £ 16.99 0.146
PNI 61.87 + 3.67 38.87 +7.80 <0.0001 *
GPS, n

0 21 - -

1 79 61 -

2 - 39 -

SBP: systolic blood pressure; DBP: diastolic blood pressure; WC: waist circumference; HC: hip circumference;
WHR: waist-to-hip ratio; WHtR: waist-to-height ratio; BMI: body mass index; BAI: body adiposity index; FPG:
fasting plasma glucose; 2hPG: two-hour plasma glucose after a 75 g oral glucose tolerance test; HbAlc: glycosy-
lated hemoglobin Alc; TC: total cholesterol; TG: total triglycerides; LDL-C: low-density lipoprotein cholesterol;
HDL-C: high-density lipoprotein cholesterol; e-GFR: estimated glomerular filtration rate; CKD-EPI: chronic kidney
disease epidemiology collaboration; MDRD-Study: modification of diet in renal disease study; BUN: blood urea
nitrogen; CREA: creatinine; UA: uric acid; Hb: hemoglobin; WBC: white blood cells/leukocytes; NEU: neutrophils;
LYM: lymphocytes; MON: monocytes; PLT: platelets; ALB: albumin; CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate; PNI, prognostic nutritional index; GPS: Glasgow Prognostic Score; SD: standard deviation;
* p < 0.05: statistically significant; **: reached the significance limit.

We looked at nutritional status and systemic inflammation in our study. We discovered
that levels of the CRP (47.91 & 36.27 vs. 27.46 £ 19.65, p < 0.0001), ALB (3.89 £ 0.78 vs.
6.19 £ 0.37, p < 0.0001), white blood cells (WBC) (8.68 £ 2.83 vs. 7.92 £ 1.93, p = 0.026), and
LYM (2.67 £ 0.89 vs. 2.27 + 0.71, p < 0.0001) were significantly different between the two
groups (T2DM vs. preDM). PNI determined by the number of LYM in peripheral blood
and serum ALB showed statistically significantly different values between the preDM and
T2DM group, as well as the fact that patients with T2DM had a moderate-to-severe malnu-
trition status at diagnosis. Based on the GPS value, which reflects both the inflammatory
and nutritional status using ALB and CRP levels, we found that 39% of T2DM patients
had moderate-to-severe malnutrition status. This was in contrast to 79% of preDM patients
who had mild-to-moderate malnutrition status.
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3.2. Comparing the PNI and GPS Groups’ Clinical Features Between the preDM and
T2DM Groups

Utilizing PNI cut-off values of 61.0 and 38.0, we categorized both groups into two sub-
groups: low PNI (<61.00 and <38.00, respectively) and high PNI (>61.00 and >38.00,
respectively) (Table 2). Additionally, the GPS data were categorized into two subgroups:
GPS1 as subgroup 1, and GPS2 as subgroup 2, in the T2DM group, and GPS0 as subgroup
1, and GPS1 as subgroup 2, in the preDM, respectively.

The majority of patients (67%) in the preDM group had a PNI > 61.00 and a GPS2
score (79 patients). Additionally, in the T2DM group, just over 50 percent of patients had a
PNI > 38.00, but 61% of them recorded a GPS1 score.

There were no differences in age, gender, and area of residence (p > 0.05), both in the
preDM subgroups (PNI < 61.00 and PNI > 61.00, and GPS1 and GPS2, respectively) and in
the T2DM subgroups (PNI < 38.00 and PNI > 38.00, and GPS1 and GPS2, respectively).

In the preDM group, we saw that PNI values below 61.00, which means a moderate
nutritional and inflammatory status, were strongly linked (p < 0.0001) to lifestyle factors
like smoking and drinking, education, and the main risk factors that can lead to T2DM,
hypertension, dyslipidemia, and hepatosteatosis. Additionally, in the preDM group, over
38% of patients with a GPS2 score presented smoking, hypertension, dyslipidemia, and
hepatosteatosis as risk factors. Thus, we can consider that these risk factors can influence
and induce a moderate-to-severe nutritional and inflammatory status. This nutritional
and inflammatory status is also supported by ALB, which presented significantly lower
mean values (p < 0.0001). In the PNI < 61.00 subgroups, the patient’s mean values of WBC
(p = 0.038) and neutrophils (NEU) (p = 0.018) were significantly different compared to those
in the PNI > 61.00 subgroup.

Analyzing the association between the PNI index and different obesity-related indices,
it was observed that patients in the PNI < 61.00 subgroups showed significant changes
only for the median values of weight (p = 0.038), WC (p = 0.032), HC (p = 0.022), WHtR
(p = 0.041), and BMI (p = 0.016) compared to those in the PNI > 61.00 subgroups.

In the T2D group, we observed that lifestyle factors (smoking and drinking), education,
and the main risk factors of T2DM (hypertension, dyslipidemia, hepatosteatosis, and SBP)
were present in more than 54.54% of patients with PNI < 38.00, or patients with a GPS2 score.

Anthropometric parameters, such as weight, WC (p = 0.023), HC (p = 0.035), and
obesity-related indices, WHIR (p = 0.034) and BMI (p = 0.041), presented significantly
higher median values in the PNI < 38.00 subgroups, and the WHR index (p = 0.055) and BAI
(p = 0.057), reached the significance limits, compared to those in the PNI > 38.00 subgroup.

Among patients diagnosed with T2DM, those in the PNI < 38.00 subgroups had a
moderate-to-severe nutritional and inflammatory status, associating significantly modified
WBC, NEU, and ALB mean values comparable to those in the PNI > 38.00 subgroups.

Patients in PNI < 38.00 subgroups had mean values of fasting plasma glucose (FPG)
(p = 0.049), HbAlc (p = 0.032), total cholesterol (TC) (p = 0.015), and low-density lipoprotein
cholesterol (LDL-C) (p = 0.021) significantly different from those in the PNI > 38.00 sub-
groups. Also, patients who had a GPS2 score were associated with higher values of HbAlc
and TC.
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Table 2. Comparing the PNI and GPS groups’ clinical features between the preDM and T2DM groups.
- preDM Group T2DM Group
Characteristics (1 =100) (1 =100)
PNI GPS PNI GPS
All PNI <61 PNI > 61 Value 1 2 -Value All PNI <38 PNI > 38 -Value 1 2 Value
Patients = P P Patients = P P
Patients (1) 100 33 67 21 79 100 44 56 61 39
Demographic characteristics
éfeea(gi)sm 50.08 + 7.46 48.58 + 7.46 50.82 + 7.41 0.065 50.67 & 8.24 49.92 +7.29 0.724 5411 + 6.33 5291 + 6.36 53.27 + 6.67 0.814 53.21 + 6.55 52.95 + 6.05 0.619
Gender, Female/Male (1) 56/44 21/12 35/32 0.279 10//11 46/33 0.383 43/57 16/28 27/29 0.235 29/32 14/25 0.251
ﬁlﬁer‘;l‘}f[}fbsﬁe%e' 61/39 20/13 41/26 0.862 12/9 49/30 0.680 65/35 25/19 40/16 0.128 42/19 23/16 0.312
Medical history and clinical condition
Smoking history, Yes (1) 43 23 20 0.0001 * 13 30 0.049 * 62 35 27 0.001 * 23 39 <0.0001 *
Drinking history, Yes (1) 28 18 10 <0.0001 * 8 20 0.247 56 32 24 0.003 * 20 36 <0.0001 *
Education, No (1) 63 33 30 <0.0001 * 11 52 0.256 75 38 37 0.020* 43 32 0.192
Hypertension, Yes (1) 47 29 18 <0.0001 * 5 42 0.017* 78 24 54 <0.0001 * 58 20 <0.0001 *
Dyslipidemia, Yes (1) 43 24 19 <0.0001 * 5 38 0.046 * 68 24 44 0.011* 48 20 0.004 *
Hepatosteatosis, Yes (11) 34 17 17 0.009 * 3 31 0.032 * 55 19 36 0.035* 40 15 0.008 *
fﬁgﬂg“;“?g)) 13220 +1670  130.88 +£15.07  132.79 4+ 17.53 0.306 13310 £16.17  131.91 4 16.94 0.891 137.40 + 15.67 140.2 + 15.99 1352 + 15.19 0.038* 135.62 + 14.80  140.10 + 16.77 0.082
zfiérlms%g)) 77.81 £ 12.11 79.09 + 9.42 77.18 + 13.26 0.661 7819 + 14.80 77.71 £ 11.40 0.909 83.86 + 10.65 85.0 + 8.86 82.96 + 11.87 0.133 87.78 + 11.61 85.54 -+ 8.83 0.130
ﬁfiiﬁtf‘;%) 1.64 £0.15 1.64 + 0.09 1.68 + 0.10 0.441 1.69 + 0.10 1.68 + 0.08 0.664 1.69 + 0.11 1.69 + 0.08 1.68 + 0.10 0.825 1.69 + 0.10 1.68 + 0.08 0.765
Weight (kg) 83.0 87.0 73.0 0.038 * 82.0 99.0 0.067 89.0 97.45 82.15 0,023 * 80.0 97.50 0.084
[median (range)] (56.0~140.5) (56.0-140.5) (56.0-101.6) : (56.0-140.5) (60.0-132.0) - (17.0-122.0) (17.0-122.0) (53.0-115.0) - (53.0-115.0) (17.0-122.0) :
Waist circumference (cm) 100.0 108.0 92.0 0.032* 93.0 106.0 0102 105.0 115.10 94.75 0,029 * 101.50 109.50 0.076
[median (range)] (58.0-171.0) (58.0-171.0) (69.0-138.0) : (58.0-125.0) (69.0-171.0) - (80.0-143.0) (80.0-143.0) (80.0-140.0) - (80.0-140.0) (80.0-143.0) :
Hip circumference (cm) 106.0 118.0 97.0 0.002* 103.0 110.2 0.073 106.5 112.35 98.25 0.035 * 99.75 113.25 0.058 **
[median (range)] (65.0-195.0) (75.0-133.0) (65.0-195.0) : (65.0-147.0) (86.0-195.0) - (76.0-146.0) (76.0-146.0) (87.0-130.0) - (76.0-130.0) (87.0-146.0) -
WHR 0.94 0.91 0.96 0232 0.85 0.94 0.113 0.98 1.05 0.95 0.055 1.08 0.97 0.101
[median (range)] (0.59-1.68) (0.59-1.64) (0.64-1.68) - (0.59-1.11) (0.77-1.68) - (0.86-1.18) (0.86-1.18) (0.88-1.18) - (0.88-1.18) (0.86-1.18) :
WHIR 61.02 64.84 56.35 0.041 * 58.49 61.35 0.187 61.7 67.3 56.7 0.034* 60.50 65.15 0.069
[median (range)] (33.92-95.00) (33.92-95.00) (44.92-88.46) : (33.92-74.10) (42.94-95.00) - (44.2-87.5) (49.4-87.5) (44.2-87.5) - (49.4-87.5) (44.2-87.5) :
2

?MI (kii/ g]‘))) 28.18 + 6.09 3254 + 6.12 26.17 £ 5.79 0.016* 28.5 4 5.90 30.7 + 6.81 0.082 32.01 +524 34.06 + 3.44 29.41 + 5.58 0.041* 28.55 + 3.15 35.05 = 1.90 0.035*
mean
BMI category (1)

Normal
(185249 kg /m?) 28 12 16 18 10 15 7 8 9 6

Overweight

29 12 17 13 16 25 9 16 16 9

(25-29.9 kg/m?)

Obese (>30 kg/m? 43 9 34 27 16 60 28 32 37 23

(=30 kg/m?)
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Table 2. Cont.
Characteristics pre(lz IZIICO;E;J“P TZBI\;[ 1C(i)r0¢;up
PNI GPS PNI GPS
All All
Patients PNI <61 PNI > 61 p-Value 1 2 p-Value Patients PNI < 38 PNI > 38 p-Value 1 2 p-Value
Patients (1) 100 33 67 21 79 100 44 56 61 39
BAI 30.95 33.78 30.63 0.074 36.85 30.87 0.088 29.93 35.18 28.92 0,057 27.45 32.88 0.099
[median (range)] (10.08-67.70) (14.12-66.23) (15.84-44.60) : (24.37-66.23) (14.12-48.93) : (16.29-62.27) (21.36-62.27) (16.29-46.23) - (16.29-46.23) (21.36-62.27) -
Laboratory examination
(Frflga;"‘i"‘s"llj/)” 108.50 & 6.12 109.07 % 6.22 107.45 + 5.87 0.334 108.48 + 4.62 108.56 + 6.49 0.883 21020 + 27.83 2131 £ 2563 208.0 4 29.48 0.049 209.03 + 29.39 2121 42545 0.081
(Zli‘lgfn(i‘g‘]gl)/ L) 16720 + 1414 16797 £1565  166.79 + 13.45 0.145 1661 +12.02 16747 + 1471 0.001 * 332.30 + 40.23 339.2 + 37.93 3304 +42.28 0.146 330.11+41.60  336.13 + 38.48 0.594
frlfé’;}f 1(0/33) 5.82 £ 052 5.86 £ 0.55 572 + 049 0.748 5.80 4 0.45 5.84 £ 052 0334 10.17 & 1.98 1145 £1.19 8.81 2,65 0.032* 8.60 £ 1.62 11.61 + 143 0.024 *
(T‘Seg’ﬂ’i"égj) 18530 £56.18 1885245522  180.66 + 43.14 0262 18234 £ 4550  186.67 + 54.74 0.979 220.20 + 54.43 231.3 + 43.46 218.9 + 40.83 0.015 * 213.9 + 43.08 229.1 + 60.92 0.041 *
(Tn?e(ar;‘riosl/DL)) 12550 £ 65.81 13091 £87.35  122.76 & 5268 0958 112043171 129.03 & 71.96 0.129 188.00 £ 108.60  199.4 + 114.2 1803 + 102.3 0.089 18128 + 11212 192.9 + 104.03 0.166
ﬁE&;ﬂ“;’B;‘” L 10370 £ 4213 10421 +40.83  102.80 =+ 45.30 0.394 101.66 + 4056 111.6 + 47.84 0.159 136.50 =+ 48.70 1422 + 55.82 129.6 + 38.38 0.021 * 13208 £53.62  139.57 + 40.46 0.205
&2&;&%‘3"1/ L) 53.64 + 12.78 50.39 + 12.18 5524 +12.85 0.220 57.54 + 12,08 52.61 + 12.83 0243 4328 +1338 4053 + 1471 47.24 +11.56 0496 42,40 +12.19 46.65 + 12.05 0.119
eGFR (mL/min/1.73 m?)
CKD-EPI 87.5 86.0 89.0 0.766 85.0 88.0 0221 90.5 85.0 95.0 0,001 95.0 85.0 0,005
[median (range)] (38.0-117.0) (38.0-117.0) (45.0-110.0) - (61.0-108.0) (38.0-117.0) - (29.0-129.0) (29.0-117.0) (45.0-129.0) - (45.0-129.0) (29.0-117.0) -
MDRD-STUDY 83.5 81.0 88.0 0.693 82.0 86.0 0.805 89.5 79.0 95.5 0.026 * 9.0 77.0 0.033 *
[median (range)] (38.0-147.0) (55.0-119.0) (38.0-147.0) - (38.0-142.0) (58.0-147.0) : (29.0-147.0) (29.0-141.0) (45.0-147.0) - (45.0-147.0) (29.0-141.0) -
ﬁﬁﬁ%@}) 41.62 £ 17.07 4221 +17.40 4042 + 16,56 0.788 41.90 £19.7 41.78 +£16.43 0.854 40.79 + 14.81 37.76 + 12.94 43.18 + 1471 0.170 38.67 + 13.35 42.15 £ 15.63 0.130
&:r(l“fég)“) 0.87 +0.37 0.88 + 0.37 0.87 +0.38 0947 0.94 +0.43 0.86 + 0.35 0.660 091 +0.24 0.87 +0.19 0.94 +0.28 0.241 093 +0.27 0.88 + 0.19 0170
Hﬂi;;“:gt/ Sé; 561 + 146 529 + 1.82 476 +1.36 0453 5.23 4 1.60 5.16 4 1.57 0526 498 +1.61 476 + 146 516 + 1.71 0.203 511+ 1.70 478 + 144 0507
(kr[:e;gn/iLs)D) 13.50 & 1.86 1324 + 1.64 13.63 £ 1.96 0.615 13.89 & 1.61 13.40 £ 1.92 0.157 14.55 £ 1.73 14.72 +1.79 13.21 + 2.68 0.154 1447 + 1.68 14.67 + 1.81 0.185
3
2’1‘1’1‘22 n(ilng ul) 7.92 +1.93 8.02 4193 732+ 1.64 0.038 * 7.73 +1.95 8.08 +1.98 0.141 8.68 +2.83 925 4 1.56 812 +3.58 0.035 * 8.42 +3.50 9.13 +2.32 0.056 **
3
%\Ife[irg ftlgD/) ulL) 487 + 147 5.05 + 1.46 422 £137 0.018* 470 +1.33 495 £ 154 0488 529 4+ 3.02 5.85+2.383 493+£419 0.026 * 546 £ 2.99 510 £ 3.07 0.141
3
(leggxsxilglj/)%) 227 +£0.71 229 +0.67 224 +0.79 0915 226 +0.36 228 +0.78 0.926 2.67 +0.89 255 +0.83 277 +£0.94 0.274 252 +0.83 277 +£0.93 0.335
\3
Pr/ln?;\ln(i 15%)/ uL) 053 +0.16 055 +0.18 052 +0.15 0.220 052 +0.15 053 +0.16 0454 055 +0.18 055 +0.21 056 +0.15 0.799 055 +0.16 0.56 + 0.21 0920
3
PLT (x103 /L) 24830 £ 7502 26418 +5798 23541+ 8238 0.066 22238+ 6696 259.54 + 76.86 0.130 233.10 + 71.48 218.2 + 7812 2545 + 66.48 0.085 20712+ 6423 24459 + 82.42 0.108

(mean + SD)
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Table 2. Cont.
Characteristics Pre(lzlrlco;g)mp TZBI\;[ IC(QJIS;HP
PNI GPS PNI GPS
All All
Patients PNI <61 PNI > 61 p-Value 1 2 p-Value Patients PNI < 38 PNI > 38 p-Value 1 2 p-Value

Patients (1) 100 33 67 21 79 100 44 56 61 39

Malnutrition
ﬁ;;gidsg) 6.19 + 0.37 5.74 +0.19 6.41 4+ 0.18 <0.0001 * 6.30 4 0.30 6.16 +0.38 0.230 3.89+0.78 3.13 +0.34 449 +0.42 <0.0001 * 4414048 3.07 +0.32 <0.0001 *
(Crig‘(qnfé%%) 27.46 + 19.65 29.94 + 20.44 26.24 +19.28 0.551 11.77 £10.76 31.63 +19.25 0.0002 * 4791 + 36.27 50.65 & 37.74 4442 4 34.41 0.130 45.87 4 35.92 49.21 4+ 36.73 0.289
gil:agngs/]%)s)t h) 35.01 £ 25.42 36.31 £ 31.01 34.36 + 22.35 0.885 34.43 £+ 25.96 34.70 £+ 24.98 0.976 38.43 +16.99 4191 +£16.70 35.05 + 17.36 0.063 36.03 £ 18.91 42.05 £ 14.33 0.092
EnNeIan +5D) 61.87 £ 3.67 57.44 +£1.87 64.06 +£1.93 <0.0001 * 63.06 £ 3.01 61.57 £3.78 0.231 38.87 £7.80 31.27 £3.37 44.86 +£4.21 <0.0001 * 4411+ 476 30.70 £ 3.15 <0.0001 *
GPS, n

1 21 3 18 - - 61 5 56 - -

2 79 30 49 - - 39 39 0 - -

SBP: systolic blood pressure; DBP: diastolic blood pressure; WC: waist circumference; HC: hip circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio; BMIL: body mass
index; BAI: body adiposity index; FPG: fasting plasma glucose; 2hPG: two-hour plasma glucose after a 75 g oral glucose tolerance test; HbAlc: glycosylated hemoglobin Alc; TC: total
cholesterol; TG: total triglycerides; LDL-C: low-density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; e-GFR: estimated glomerular filtration rate; CKD-EPI: chronic

kidney disease epidemiology collaboration; MDRD-Study: modification of diet in renal disease study; BUN: blood urea nitrogen; CREA: creatinine; UA: uric acid; Hb: hemoglobin; WBC:
white blood cells/leukocytes; NEU: neutrophils; LYM: lymphocytes; MON: monocytes; PLT: platelets; ALB: albumin; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; PNI,
prognostic nutritional index; GPS: Glasgow Prognostic Score; SD: standard deviation; * p < 0.05: statistically significant; **: reached the significance limit.
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3.3. Associations of PNI with BMI, WHR, WH{R, and BAI in the preDM and T2DM Groups

Table 3 and Figure 1 display how PNI and BMI, WHR, WH{R, and BAI relate to
each other in the preDM and T2DM groups. BMI was categorized into normal weight
(18.5-22.9 kg/m?), overweight (23.0-25.0 kg/m?), and obese (>25.0 kg/m?), according to
the World Health Organization (WHO) [39]. Due to the lack of standard categories, we
classified WHR, WHItR, and BAI into quarters.

Table 3. Associations of PNI with BMI, WHR, WHItR, and BAI in the preDM and T2DM groups.

preDM Group T2DM Group
(n =100) (n =100)
Variables
(Mean =+ SD) p-Value from p-Value from
PNI Kruskal-Wallis/ PNI Kruskal-Wallis/
One-Way ANOVA One-Way ANOVA
BMI category (kg/m?)
Normal weight 63.03 £+ 3.30 40.44 £9.28
Over weight 61.05 + 3.96 0.019 * 39.87 + 8.13 0.442
Obese 60.88 £ 3.49 38.57 +£7.27
WHR
Quarter 1 62.88 + 3.37 39.89 +7.40
Quarter 2 61.55 £ 4.61 39.16 + 8.44
Quarter 3 62.64 + 3.09 0.059 38.66 + 7.28 0.782
Quarter 4 60.44 + 3.06 37.80 + 8.31
WHItR
Quarter 1 61.77 £ 3.30 41.71 £7.01
Quarter 2 61.41 + 3.49 38.59 + 8.30
Quarter 3 62.03 + 4.66 0.845 37.67 + 7.98 0.109
Quarter 4 62.31 +£3.20 36.55 + 7.28
BAI
Quarter 1 60.57 £ 3.48 40.21 £7.58
Quarter 2 61.74 +£4.33 38.77 £ 8.75
Quarter 3 61.95 + 3.18 0.053% 3874+ 7.23 0.695
Quarter 4 63.10 £3.23 37.79 £7.82

BMI: body mass index; WHR: waist-to-hip ratio, WHtR: waist-to-height ratio; BAI: body adiposity index; * p < 0.05:
statistically significant; **: reached the significance limit.

Using the one-way ANOVA test, we obtained that preDM patients had statistically
significant differences in values between BMI categories (p = 0.019). On the other hand, the
Kruskal-Wallis test highlighted that in the case of preDM patients, the differences between
the quarters of WHR and BAI reached the significance limits (p = 0.059 and p = 0.053,
respectively).

There were no statistically significant differences in values between BMI categories and
differences between the quarters of WHR, WHItR, and BAI, respectively, in the T2DM group.



Diagnostics 2024, 14, 2661

13 of 20

A.
BMI
75
=
_ 551 .
o~
£
k)
ok
[y
)
2 35+
©
o
=
)
15
ol & & & & 4
&S & & & & &
B - N4 N ’ /
S/ S/ S N N S
S 9o ¢ Q‘°
<¢
PNI values
C.
WHtR
75-
60-
45
x
T
=
30-
15
N ~ ) ™
'bbo‘ 'b(@‘ 'b(@‘q’ 0{@‘ 'bbé 'béo‘ ‘&(@‘ é@‘
o\) oo °\> o\) o\\ g o\) g
QO‘V N 00\!*' N oox!*’ N OQ\V N
< ¢ < ¢
PNI values

B.
WHR
75
60
45
o
= =
=
30+
15
FON A A S e S A
2 Q' 2 Q' 2 Q' 2 Q'
& & & & & &F& &
PR R S i S i
& & & &
N N N N
PNI values
D.
BAI
75+
60+
a5+
I
o
30+
15+
01— . . . x . . .
™
oY S NS oS S Y oS oS
(‘0 (@ 60 (‘0 ) (\9 (@ 60
2 2 2 2 2 a2 2 2
A Al i N R . N
P S S S S S
L S S &
< < N <
PNI values

Figure 1. The PNI levels for patients with prediabetes (white color) or diabetes (gray color) vary
in different quarters of the obesity-related indices: (A) BMI; (B) WHR; (C) WHtR; (D) BAI Violin
plot represents values of indices; horizontal blue lines represent median values accompanied by the

quartiles represented by horizontal red lines.

3.4. Correlations Between PNI and the Obesity-Related Indices in the preDM and T2DM Groups

Spearman’s correlation analysis revealed that the values of PNI correlated much better
with the obesity-related indices in the T2DM group (Figure 2).
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Figure 2. Correlations matrix between PNI and the obesity-related indices in the T2DM group.
The correlation heatmap shows how the measured indicators relate to one another. Strong positive
correlations are indicated by bright blue, whereas strong negative correlations are indicated by
bright red.

In the T2DM group, our study revealed a moderate and statistically significant nega-
tive correlation between PNI and weight (rho = —0.322, p-value = 0.035), WC (rho = —0.308,
p-value = 0.042), HC (rho = —0.338, p-value = 0.039), WHIR (rho = —0.341, p-value = 0.022),
BAI (rho = —0.312, p-value = 0.032), and FPG (rho = —0.318, p-value = 0.029). Addi-
tionally, the PNI values expressed a negative weak correlation with BMI (rho = —0.279,
p-value = 0.015) and HbAlc (rho = —0.245, p-value = 0.025). We found a single positive
correlation, weak but statistically significant, between PNI and CKD-EPI (rho = 0.263,
p-value = 0.018).

4. Discussion

Globally, 26.6 million people are expected to have diabetes in 2025, whereas 579.9 mil-
lion people will have the disease [40]. The WHO projects that diabetes’s rising prevalence
will make it the seventh-largest cause of death globally by 2030 [41]. Furthermore, it is also
expected that the number of people with preDM—a condition marked by blood glucose
levels that are higher than normal but fall short of the diagnostic cut-off for T2DM—will
increase [4].

Forecasts indicate that by 2030, there will be more than 470 million people living
with preDM worldwide [42]. Importantly, one should not undervalue preDM. People
with preDM are associated with an increased risk of cardiovascular disease and diabetic
microangiopathy as compared to people with normal glucose metabolism [43,44].

Insulin resistance and malfunction of the pancreatic beta cells are important markers
of DM and preDM. Given the varying effects of these factors on preDM subgroups across
diverse racial and ethnic groups, it is imperative to establish prevention initiatives and
effective treatment procedures for DM and preDM [45,46]. Remarkably, the proportion
of people with preDM greatly exceeds that of people with DM [47]. Therefore, early
diagnosis of preDM and DM is essential for effective care and the prevention of the disease’s
progression [48,49].
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In this study, we enrolled one-hundred patients with newly diagnosed T2DM and
one-hundred patients with preDM and analyzed the association of obesity-related indices
with the immunological and nutritional factors, PNI, and GPS, and identified the possible
correlation between them.

From our observational study, four findings emerged. As a first observation, 28%
of patients with preDM and 15% of patients with T2DM had a normal weight, while up
to 43% of patients with preDM and 60% of patients with T2DM were obese. The second
important observation was that the PNI of the T2DM patients was significantly lower
than the PNI of the patients with preDM. The PNI showed that patients with T2DM had
a moderate-to-severe malnutrition status (median value of 38.00). Patients with preDM
had a mild-to-moderate malnutrition status (median value of 61.00) at diagnosis. Third, we
observed that preDM patients with PNI < 61.00 and T2DM patients with PNI < 38.00 were
associated with significantly higher median values of WHtR and BMI. Fourth, in the T2DM
group, our study revealed a moderate and statistically significant negative correlation
between PNI and weight, WC, HC, WHtR, BAI, and FP. Additionally, the PNI values
expressed a weak negative correlation with BMI and HbAlc. The PNI levels exhibited a
single positive correlation, weak but statistically significant, with CKD-EPI values.

Obesity and type 2 diabetes have a lot of complicated connections and shared patho-
physiological pathways. This makes it more likely for obese people to have insulin re-
sistance, dyslipidemia, non-alcoholic fatty liver disease, and many other metabolic prob-
lems [50,51]. Due to changes in adipose tissue biology that link obesity with insulin
resistance and beta cell dysfunction, an increased BMI and the distribution of fat around the
abdomen linearly increase the risk of type 2 diabetes [52]. Obesity leads to chronic, systemic
inflammation [53]. Like in endometriosis, the appearance of cellular atypia or malignant
transformation can occur under the influence of the proinflammatory microenvironment,
particularly in inflammatory cells, which provides a favorable environment for neovas-
cularization and the presence of mutations in tumor suppressor proteins or oncoproteins,
with an associated increase in cell proliferation and tumor growth [54].

To lower the frequency of complications, weight control is typically advised in the
treatment of diabetes and several systemic disorders [55]. Even when the overweight person
with a predominance of abdominal fat does not match the BMI requirements for obesity,
abdominal obesity, which is frequently measured by indices such as the WHR, BAI, or
visceral adiposity index, is an independent predictor for the development of hypertension
and high fasting glucose [52,56]. The BMI is not a reliable indicator of adiposity; De Lorenzo
has demonstrated that a more accurate measure could be the anthropometric measurement
of body fat percentage [57]. A study published in 2020 in the United States reported that
approximately two-thirds of the analyzed adult population was obese or overweight [58].

Referring to the patients included in our study, we observed the same findings: 25%
of patients with T2DM were overweight and 60% were obese. The observation can be
explained by the fact that Romania has quickly adopted a relatively high socioeconomic
status, with an increase in income per capita, circumstances that have led to a higher
prevalence of obesity.

Li et al. [34] found that the three obesity-related indices, BMI, WHtR, and BAI, were
negatively associated with the development of diabetic retinopathy (DR). According to the
authors, there might be a lack of differentiation between general obesity and centripetal
obesity using the BMI, and the two may have differential effects on the development of
diabetes [57]. Regarding this aspect, Man et al. [59] found a positive correlation between
centripetal obesity, indicated by a higher WHR, and the progression of diabetes. In another
study, it was shown that WHR should be considered to assess centripetal obesity, while it
was established that BAI has a significant linear relationship with body fat percentage [60].
They have also shown that abdominal obesity can be a more critical factor in diabetic
retinopathy than generalized obesity.

In our study, we observed patients with T2DM-associated centripetal obesity, indi-
cated by elevated values of WHR and WHtR. Additionally, nearly half of these patients,
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who had a moderate-to-severe nutritional and inflammatory status, were significantly
associated with centripetal obesity. In contrast, only 33% of the preDM group exhibited a
moderate-to-severe nutritional and inflammatory status, which was also associated with
centripetal obesity.

As far as we know, there have been no population-based studies reporting the as-
sociation between WHR, WHItR, or BAI measures and PNI index in patients with newly
diagnosed T2DM or preDM.

Recent investigations have established the role of PNI as an emerging clinical marker of
diagnostic and prognostic significance in patients with diabetes who present microvascular
complications [61-66].

Aktas et al. discovered that the PNI of the type 2 diabetes mellitus patients was
significantly lower than the PNI of the healthy controls [61]. Additionally, they noticed that
the PNI of the diabetic subjects with microvascular complications (diabetic nephropathy,
diabetic retinopathy, and diabetic neuropathy) was considerably lower than the PNI of the
healthy controls and the diabetic patients without microvascular complications.

We obtained similar results in our study with newly diagnosed patients with T2DM.
The PNI of the T2DM patients was significantly lower than the PNI of the patients with
preDM, and the PNI showed that patients with T2DM had a moderate-to-severe mal-
nutrition status, and patients with preDM had a mild-to-moderate malnutrition status
at diagnosis.

Zhang et al. hypothesized that the PNI, which reflects nutrition, immunology, and
inflammation—all of which are closely related to diabetic nephropathy (DN)—may be a
more reliable predictor of end-stage renal disease (ESRD) in patients with DN than serum
albumin, the inflammation index, or the lymphocyte count [62]. The same author found in
another study that there was a significant correlation between all participants’ greater PNI
and their risk of mortality and prevalence of CKD [63].

Kurtul et al. [64] found an independent and negative correlation between PNI and
the presence of diabetic retinopathy (DR). Using PNI to examine a patient’s inflammatory—
nutritional balance may help doctors identify T2DM patients who are at heightened risk for
developing DR. According to Wei et al. [66], patients with DR also tended to be malnour-
ished compared to non-DR patients, and malnourished patients had a greater incidence of
DR than normal nutritional status patients; there was an independent correlation between
the intensity and existence of DR and malnutrition. Yang et al. observed a strong correlation
between a lower incidence of DR and greater PNI levels in hospitalized T2DM patients. The
severity and prevalence of DR were found to be inversely and independently correlated
with PNI, indicating that PNI may be utilized to predict the prognosis of DR in clinical
practice [65].

Our study also revealed, in the T2DM group, a moderate and statistically significant
negative correlation between PNI and weight, WC, HC, WHItR, BAI, and FPG. Additionally,
the PNI values expressed a weak negative correlation with BMI and HbAlc. The PNI
levels exhibited a single positive correlation, weak but statistically significant, with CKD-
EPI values. Our findings were in agreement with those mentioned in other studies. PNI
was found to be positively connected with eGFR and negatively correlated with BMI,
HbAlc, and fasting blood glucose, according to Aktas et al. [61]. Additionally, Zhang
et al. [62,63] found that the PNI was positively correlated with eGFR and discovered a
negative correlation between the PNI and the following: red cell distribution width, HbAlc,
urine albumin-to-creatinine ratio, neutrophil-to-lymphocyte ratio, glomerular injury, and
high-sensitivity C-reactive protein.

The PNI is made up of serum albumin and blood lymphocyte count, both of which are
easily obtained in the laboratory of practically every medical facility. The PNI is therefore
a marker that is simple to evaluate and is a cheap marker since it is economical to study
serum albumin and lymphocyte count.

Since this study was restricted to two university clinical hospitals representative of
Dolj County, we acknowledge that it has inherent limitations. In addition, as we lacked
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a pilot study and prior data that were referenced in the literature, we were unable to
determine the effect size and hence did not compute the simulation of sample size.

Patients with serious complications, a low willingness to seek medical attention, or
mobility issues would be few, which would bias the study’s selection process. However,
the limited number of patients in certain categories following their grouping might have
an impact on the outcomes.

Therefore, more studies should be designed to investigate the association of obesity-
related indices with the PNI, regarding different categories of patients with diabetes
and prediabetes.

5. Conclusions

From our observational study, four conclusions emerged. As a first observation,
up to 43% of patients with preDM and 60% of patients with T2DM were obese. The
PNI showed that patients with T2DM had a moderate-to-severe malnutrition status, and
patients with preDM had a mild-to-moderate malnutrition status at diagnosis. We observed
that preDM and T2DM patients with low PNI were significantly associated with higher
median values of WHtR and BMI. In the T2DM group, our study revealed a moderate
and statistically significant negative correlation between PNI and weight, WC, HC, WHtR,
BAI and FP. Additionally, the PNI values expressed a weak negative correlation with BMI
and HbA1lc. The PNI levels exhibited a single positive correlation, weak but statistically
significant, with CKD-EPI values. Our results can undoubtedly serve as a springboard
for additional research and multicentric, long-term investigations. The findings of this
study regarding the correlations between PNI, GPS, and different obesity-related indices
in people with diabetes or prediabetes suggest that these indices, which assess nutritional
and inflammatory status, can be used as independent predictor factors associated with
the four pillars of DM management (glucose, blood pressure, lipids, and weight control)
recommended by the ADA.
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