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Abstract

Background/Objectives: Chronic low-grade inflammation and lipid metabolism play
an important role in the development of obesity and type 2 diabetes mellitus (T2DM).
The ratio of high-sensitivity C-reactive protein to high-density lipoprotein cholesterol (hs-
CRP/HDL-C) integrates these pathways and it has been proposed as a novel biomarker
of metabolic risk. However, evidence regarding its association with obesity and T2DM
remains limited. Methods: This retrospective cross-sectional study included data from
413 adults, comprising 251 individuals with T2DM and 162 individuals without T2DM.
Obesity status was assessed separately according to BMI categories. The hs-CRP/HDL-C
ratio was divided into quartiles, with the lowest quartile used as the reference category. Its
associations with obesity and T2DM were evaluated using multivariable logistic regres-
sion and restricted cubic spline analysis. Subgroup analyses were conducted to evaluate
the consistency of these associations across different population subgroups. Results: A
significantly positive association was noted between the hs-CRP/HDL-C ratio and the
presence of T2DM. Compared with individuals in the lowest quartile, those in the higher
quartiles of the hs-CRP/HDL-C ratio had significantly higher odds of T2DM. In the fully
adjusted model, each unit increase in the hs-CRP/HDL-C ratio was associated with higher
odds of T2DM (OR = 1.59, 95% CI: 1.14–2.20, p = 0.006), whereas the association with
obesity was attenuated and lost statistical significance after full adjustment. RCS analysis
confirmed a significant overall association between the hs-CRP/HDL-C ratio and T2DM
risk (p-overall = 0.034). Although the hs-CRP/HDL-C ratio was associated with obesity in
the crude model (OR = 1.40, 95% CI: 1.05–1.70, p = 0.019), the association was not significant
after adjustment (OR = 1.18, 95% CI: 0.90–1.56, p = 0.229). Conclusions: In our study, an
elevated hs-CRP/HDL-C ratio was significantly associated with the presence of T2DM and
may represent a marker associated with metabolic inflammation, particularly in individuals
with glycometabolic disorders.
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1. Introduction
Worldwide, the prevalence of obesity and diabetes mellitus (DM) is increasing, threat-

ening people’s lives with premature mortality through complications such as cardiovascular
disease, renal impairment, and stroke [1]. Moreover, these represent a severe public health
problem, increasing healthcare costs, reducing productivity, and causing substantial so-
cioeconomic strain, particularly in low- and middle-income countries where the access to
preventive care and treatment may be limited [2]. As lifestyle patterns shift toward urban-
ization and increased socio-economic growth, all countries are faced with a population
with a more stressful and sedentary lifestyle and unhealthy diet habits [3]. The booming
population of obesity is predictably contributing to the increase in the prevalence of DM as
one of the fastest-growing health challenges of the 21st century [4].

Obesity is increasingly recognized as a chronic inflammatory condition characterized
by adipose tissue dysfunction. When excess adipose tissue become dysfunctional, this
promotes pro-inflammatory cytokines, including tumor necrosis factor alpha (TNF-α) and
interleukine-6 (IL-6), while the release of anti-inflammatory adipokines is reduced [5]. These
mediators contribute to systemic low-grade inflammation, oxidative stress, endothelial
dysfunction and impaired insulin signaling, ultimately leading to insulin resistance and
progressive β cell dysfunction [6]. Consequently, chronic inflammation represents a key
mechanistic link between obesity, prediabetes and T2DM [7].

A key feature linking obesity and type 2 diabetes mellitus (T2DM) is represented by
the presence of metabolic inflammation, closely intertwined with abnormalities in lipid
metabolism by changing the constitution and fraction of the lipid profiles and deteriorat-
ing insulin resistance [8]. Diabetic dyslipidemia, a common hallmark in diabetic milieu,
appears as a reaction to pro-inflammatory cytokines which alter lipoprotein metabolism,
increase triglycerides (TG) and reduce high-density lipoprotein cholesterol (HDL-C) con-
centrations and functionality [9,10]. Beyond quantitative reductions, HDL-C particles may
become dysfunctional under inflammatory conditions, losing part of their anti-atherogenic,
anti-inflammatory, antioxidative properties and insulin-sensitizing functions. Therefore,
both elevated inflammatory activity and impaired HDL-C function contribute to the de-
velopment and progression of cardiometabolic disease [11,12]. In addition, metabolic
dyslipidemia observed in T2DM is closely associated with chronic low-grade inflammation,
reflected by raised levels of high-sensitivity C-reactive protein (hs-CRP) [12]. This chronic
inflammation driven by nutrient excess and metabolic imbalance, characterized by the
impairment of beta-cells’ functions and enhancement of insulin resistance, will increase
acute-phase reactants and other mediators, resulting in the activation of a network of
inflammatory signaling pathways [13–15]. Particularly, both atherogenic lipid changes
and low-grade inflammation have been identified as biologically entangled processes [16].
Previous reports have shown that levels of hs-CRP are significantly elevated in individuals
with diabetes and are associated with measures of adiposity [17]. Low-grade systemic
inflammation may be used to predict the onset of cardiovascular disease and T2DM, being
considered as an effective marker for long term risk assessment [18].

Although each biomarker independently provides clinically relevant information,
neither fully shows the complex interaction between inflammation and dyslipidemia that
describes obesity and T2DM.

Several surrogate biomarkers have been proposed for the assessment of metabolic
and cardiometabolic risk. The triglyceride–glucose (TyG) index is widely used as a marker
of insulin resistance, while the TG/HDL-C ratio reflects atherogenic dyslipidemia and
impaired insulin sensitivity [19]. More recently, the systemic immune-inflammation index
(SII), derived from peripheral blood cell counts, has emerged as an indicator of systemic
inflammatory status [20]. Although these indices have demonstrated associations with
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obesity, T2DM, and cardiovascular disease, each primarily reflects a specific aspect of
metabolic dysfunction [21].

In contrast, the hs-CRP/HDL-C ratio has increasingly been recognized as a novel
marker that simultaneously integrates these two complementary pathophysiological areas,
particularly in individuals with obesity and T2DM [22]. It has been linked to the risks
of several chronic conditions, including cardiovascular diseases, metabolic dysfunction-
associated fatty liver disease (MAFLD), and hyperuricemia [23]. When evaluated together
as a ratio, these biomarkers provide a more integrated view of the inflammatory-lipid imbal-
ance characteristic of metabolic disease than either marker alone [15]. Several studies have
reported associations between the hs-CRP/HDL-C ratio and insulin resistance, metabolic
syndrome, cardiovascular risk, and adverse metabolic outcomes [24,25]. However, im-
portant knowledge gaps remain. Previous investigations have often focused on selected
populations, cardiovascular endpoints, or isolated metabolic abnormalities, and the clin-
ical useful of the hs-CRP/HDL-C ratio in individuals with obesity and T2DM remains
incompletely characterized. Furthermore, it is unclear whether this clinical marker offers
meaningful advantages for cardiometabolic risk stratification compared with traditional
inflammatory or lipid biomarkers assessed separately. Additional research is therefore
needed to clarify its relationship with metabolic diseases and its potential role as a practical
biomarker in clinical settings [25].

Accordingly, this retrospective cross-sectional study aimed to investigate the associa-
tion between the hs-CRP/HDL-C ratio and the odds of metabolic outcomes, specifically
obesity and T2DM, and to evaluate its potential utility as an integrated biomarker of
metabolic risk. Moreover, it examined the dose–response relationship and possible interac-
tion effects. We hypothesized that a higher hs-CRP/HDL ratio would be associated with
increased odds of obesity and diabetes, and that a nonlinear dose–response association
may exist.

2. Materials and Methods
2.1. Study Population

This retrospective cross-sectional study used clinical data from adult patients evaluated
at the Department of Diabetes, Nutrition and Metabolic Diseases of “Medica–Sfânta Maria”
Hospital from Sibiu, Romania, between January 2023 and December 2025. Ethical approval
was obtained from the institutional ethical committee (No. 64/16 December 2025). In
total, 484 adult participants of both sexes, aged 18–90 years, with a confirmed diagnosis
of T2DM and/or obesity were screened for eligibility. After excluding 71 cases due to
incomplete clinical or laboratory information, 413 participants were included in the final
analysis. Of these, 251 participants had T2DM and 162 participants did not have T2DM.
Obesity status was assessed separately according to BMI categories and was not mutually
exclusive from T2DM. Overall, 290 participants had obesity and 123 participants did not
have obesity. Among participants with T2DM, 171 also had obesity, whereas 80 did not have
obesity. Among participants without T2DM, 119 had obesity and 43 did not have obesity
(Figure 1). This analytical framework allowed for the evaluation of T2DM and obesity as
two distinct binary outcomes, while accounting for the overlap between these conditions.
In the regression analyses evaluating T2DM as the outcome, individuals without T2DM
were used as the reference group. In the regression analyses evaluating obesity as the
outcome, individuals without obesity were used as the reference group.

The patient inclusion criteria were age ≥ 18 years, either sex, availability of com-
plete clinical and laboratory data, and the presence of T2DM and/or obesity, including
measurements required to calculate the hs-CRP/HDL-C ratio.
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Figure 1. Study population, clinical group overlap, collected variables, and analytical framework.

The exclusion criteria included incomplete clinical or laboratory data, major comor-
bidities potentially affecting metabolic or inflammatory outcomes, concomitant endocrine
or metabolic disorders other than T2DM or obesity, and acute inflammatory or infectious
conditions that could influence hs-CRP levels. To reduce potential bias related to non-
metabolic causes of systemic inflammation, patients with documented acute infections,
active inflammatory or autoimmune diseases, recent major surgery or trauma, severe hep-
atic or renal disease, and active malignancy were excluded when such information was
available in the medical records. Patients receiving medication with a major potential effect
on systemic inflammation, such as systemic corticosteroids, immunosuppressive therapy,
or chronic anti-inflammatory treatment, were also excluded when documented.

2.2. Definitions of Outcomes/Diagnostic Criteria

According to the American Diabetes Association’s criteria, T2DM was defined based
on fasting plasma glucose ≥ 126 mg/dL, 2 h plasma glucose ≥ 200 mg/dL during the oral
glucose tolerance test, glycated hemoglobin (HbA1c) ≥ 6.5%, or a prior physician diagnosis.
Obesity was defined as body mass index (BMI) ≥ 30 kg/m2 according to the World Health
Organization’s standards [26].

The primary outcomes used in the regression analyses were the presence of T2DM and
the presence of obesity, each coded as a binary variable. For the T2DM outcome, participants
with T2DM were compared with participants without T2DM. For the obesity outcome,
participants with BMI ≥ 30 kg/m2 were compared with those with BMI < 30 kg/m2.

Comorbidities, including hypertension, dyslipidemia, hepatic steatosis, chronic ve-
nous insufficiency, cancer history, and prior cardiovascular interventions, were extracted
from documented clinical diagnoses and assessed to account for the underlying car-
diometabolic burden and disease severity, given their potential impact on systemic in-
flammation and lipid metabolism. Dyslipidemia was defined as elevated total cholesterol
(TC) ≥ 200 mg/dL, low-density lipoprotein cholesterol (LDL-C) ≥ 130 mg/dL, triglycerides
(TG) ≥ 150 mg/dL, and low HDL-C values, defined as <40 mg/dL in men and <50 mg/dL
in women.

The hs-CRP/HDL-C ratio was calculated for each participant by dividing hs-CRP
by HDL-C. For statistical analyses, the hs-CRP/HDL-C ratio was analyzed both as a
continuous variable and as a categorical variable based on quartiles. For quartile-based
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analyses, the lowest quartile was used as the reference category. For analyses using the
continuous form of the variable, odds ratios were reported per one-unit increase in the
hs-CRP/HDL-C ratio.

2.3. Data Collection

Clinical data were retrospectively collected from the electronic medical records of
“Medica–Sfânta Maria” Clinic from Sibiu. Extracted variables included demographic char-
acteristics, anthropometric parameters, lifestyle-related factors, family medical history,
documented clinical comorbidities, and laboratory parameters. Demographic and lifestyle-
related variables included age, sex, occupation, educational level, marital status, smoking
status, alcohol consumption, physical activity level, and psychological stress. Anthropomet-
ric data included height, weight, and body mass index. Family medical history included
parental history of T2DM, obesity, or cardiovascular diseases.

Documented clinical comorbidities and relevant medical history were also recorded,
including arterial hypertension, prior cardiovascular interventions, metabolic dysfunction-
associated steatotic liver disease, cancer history, and chronic venous insufficiency. Infor-
mation available in the medical records regarding conditions or treatments with potential
effects on systemic inflammation was reviewed during data extraction to support the
eligibility assessment. Laboratory parameters collected at the time of clinical evaluation
included TC, HDL-C, LDL-C, serum TG, and hs-CRP. Anthropometric measurements
were obtained according to routine clinical procedures, while laboratory analyses were
performed at the hospital’s accredited clinical laboratory using standardized automated
assays. Blood samples were collected after an overnight fast, and all measurements were
performed in accordance with internal quality control protocols.

2.4. Statistical Analysis

Participants were categorized into four groups according to the quartiles of the hs-
CRP/HDL-C ratio (Q1–Q4) to explore potential differences in the presence of T2DM and
obesity. Continuous variables were described using mean ± SD or median (IQR), as ap-
propriate, while categorical variables were summarized as frequencies and percentages.
Participants were stratified according to hs-CRP/HDL-C quartiles, and differences be-
tween groups were assessed using appropriate statistical methods based on variable type
and distribution. Continuous data were evaluated using either one-way ANOVA or the
Kruskal–Wallis test, whereas categorical variables were compared using the chi-square
test. The association between the hs-CRP/HDL-C ratio and T2DM was examined through
multivariable logistic regression modeling: Model 1 was the crude model, without ad-
justment. Model 2 was adjusted for age, sex, BMI, marital status, smoking status, alcohol
consumption, psychological stress, physical activity level, education level, parental history
of T2DM, parental history of obesity, parental history of cardiovascular diseases, hyper-
tension, cardiovascular interventions, MASLD, malignant neoplasm, and chronic venous
insufficiency (CVI). Model 3 was further adjusted for lipid parameters, including TC, TG,
and LDL-C. A similar modeling strategy was adopted to examine the association between
the hs-CRP/HDL-C ratio and obesity.

Covariates were selected based on clinical relevance and their potential role as con-
founders in the relationship between systemic inflammation, lipid metabolism, T2DM,
and obesity. Demographic variables, lifestyle factors, family history, cardiometabolic co-
morbidities, and lipid-related parameters were included because they may influence both
hs-CRP/HDL-C levels and metabolic disease status. To assess potential multicollinearity
among the independent variables included in the multivariable models, variance inflation
factors were calculated. No relevant multicollinearity was considered present when VIF
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values were below the conventional threshold of 5. To evaluate the robustness of the find-
ings, sensitivity analyses were performed by comparing progressively adjusted models and
by assessing whether the direction and magnitude of the associations remained consistent
across models.

To further investigate possible non-linear patterns, restricted cubic spline (RCS) models
with four knots were fitted, allowing for a flexible assessment of the association between
the hs-CRP/HDL-C ratio and the probability of T2DM and obesity.

Subgroup analyses were conducted as exploratory analyses to assess the consistency
of the associations across clinically relevant subgroups. Given the relatively modest sample
size, subgroup findings were interpreted cautiously and were considered hypothesis-
generating rather than confirmatory.

Associations were quantified using odds ratios (ORs) with their corresponding 95%
confidence intervals (CIs). Statistical analyses, including descriptive and logistic regression
procedures, were performed in IBM SPSS Statistics version 26.0, whereas R version 4.3.2
was used for RCS modeling and visualization.

3. Results
3.1. Baseline Characteristics of the Study Population

The final cohort included 413 participants. Of these, 251 participants had T2DM and
162 participants did not have T2DM. Obesity was present in 290 participants and absent
in 123 participants. Regarding the overlap between metabolic conditions, 80 participants
had isolated T2DM, 119 had isolated obesity, 171 had both T2DM and obesity, and 43 had
neither T2DM nor obesity.

The baseline characteristics of the study population across CRP/HDL-C quartiles
are presented in Table 1. The final cohort consisted of 249 females (60.2%) and 164 males
(39.8%). BMI and nutritional status differed significantly between quartiles, with higher
BMI and a greater prevalence of severe obesity observed in the upper quartiles. TG and
hs-CRP levels increased progressively across quartiles, whereas HDL-C levels decreased
significantly (all p < 0.001). In addition, the level of physical activity differed significantly
between quartiles (p = 0.014). No significant differences were observed for age, sex, lifestyle
factors, comorbidities, or other lipid parameters.

Table 1. Baseline characteristics of the study population according to hs-CRP/HDL-C quartiles.

Characteristic Overall
(100%)

Q1
(0.009–0.392)

Q2
(0.397–0.818)

Q3
(0.823–1.539)

Q4
(1.556–7.640) p-Value

No. of Patients 413 n = 103 n = 103 n = 104 n = 103

Age, Mean ± SD 59.51 ± 13.35 59.34 ± 13.94 61.79 ± 12.05 58.06 ± 14.28 58.86 ± 12.91 0.214

Sex, n (%) 0.163
Male 164 (39.7) 39 (37.9) 40 (38.8) 35 (33.7) 50 (48.5)
Female 249 (60.3) 64 (62.1) 63 (61.2) 69 (66.3) 53 (51.5)

BMI, Median (IQR) 32.35 (28.91,
36.68)

30.36 (27.76,
33.96)

32.19 (29.04,
35.24)

32.96 (29.39,
37.61)

34.29 (30.25,
39.64) <0.001

Nutritional status, n (%) 0.004
Underweight 2 (0.5) 2 (1.9) 0 (0.0) 0 (0.0) 0 (0.0)
Normal weight 28 (6.8) 12 (11.7) 8 (7.8) 5 (4.8) 3 (2.9)
Overweight 109 (26.4) 36 (35.0) 27 (26.2) 26 (25.0) 20 (19.4)
Obese I 140 (33.9) 32 (31.0) 39 (37.9) 34 (32.7) 35 (34.0)
Obese II 76 (18.4) 14 (13.6) 19 (18.4) 23 (22.1) 20 (19.4)
Obese III 58 (14.0) 7 (6.8) 10 (9.7) 16 (15.4) 25 (24.3)

Marital status, n (%) 0.955
Single 31 (7.5) 8 (7.8) 7 (6.8) 8 (7.7) 8 (7.8)
Married 264 (63.9) 66 (64.1) 64 (62.1) 67 (64.4) 67 (65.0)
Divorced 41 (9.9) 10 (9.7) 7 (6.8) 12 (11.5) 12 (11.7)
Widowed 77 (18.7) 19 (18.4) 25 (24.3) 17 (16.4) 16 (15.5)
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Table 1. Cont.

Characteristic Overall
(100%)

Q1
(0.009–0.392)

Q2
(0.397–0.818)

Q3
(0.823–1.539)

Q4
(1.556–7.640) p-Value

No. of Patients 413 n = 103 n = 103 n = 104 n = 103

Current smoking, n (%) 0.357
Yes 76 (18.4) 18 (17.5) 14 (13.6) 24 (23.1) 20 (19.4)
No 337 (81.6) 85 (82.5) 89 (86.4) 80 (76.9) 83 (80.6)

Ex-smoking, n (%) 0.864
Yes 105 (25.4) 23 (22.3) 27 (26.2) 27 (26.0) 28 (27.2)
No 308 (74.6) 80 (77.7) 76 (73.8) 77 (74.0) 75 (72.8)

Never smoking, n (%) 0.389
Yes 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.0)
No 412 (99.8) 103 (100) 103 (100) 104 (0.0) 102 (99.0)

Drinking, n (%) 0.760
Yes 178 (43.1) 49 (47.6) 42 (40.8) 44 (42.3) 43 (41.7)
No 235 (56.9) 54 (52.4) 61 (59.2) 60 (57.7) 60 (58.3)

Psychological stress, n (%) 0.291
Yes 191 (46.2) 43 (41.7) 50 (48.5) 55 (52.9) 43 (41.7)
No 222 (53.8) 60 (58.3) 53 (51.5) 49 (47.1) 60 (58.3)

Level of physical activity, n (%) 0.014
Sedentary 124 (30.0) 39 (37.9) 32 (31.1) 28 (26.9) 25 (24.3)
Light activity 24 (5.8) 0 (0.0) 6 (5.8) 6 (5.8) 12 (11.7)
Moderate activity 265 (64.2) 64 (62.1) 65 (63.1) 70 (67.3) 66 (64.1)

Education, n (%) 0.262
Primary school 43 (10.4) 9 (8.7) 6 (5.8) 12 (11.5) 16 (15.5)
Secondary school 242 (58.6) 64 (62.1) 61 (59.2) 64 (61.5) 53 (51.5)
Higher school 128 (31.0) 30 (29.1) 36 (35.0) 28 (26.9) 34 (33.0)

Parents with T2DM, n (%) 0.834
Yes 151 (36.6) 34 (33.0) 40 (38.8) 38 (36.5) 39 (37.9)
No 262 (63.4) 69 (67.0) 63 (61.2) 66 (63.5) 64 (62.1)

Parents with obesity, n (%) 0.120
Yes 119 (28.8) 21 (20.4) 35 (34.0) 29 (27.9) 34 (33.0)
No 294 (71.2) 82 (79.6) 68 (66.0) 75 (72.1) 69 (67.0)

Parents with CVDs, n (%) 0.325
Yes 224 (54.2) 60 (58.3) 49 (47.6) 61 (58.7) 54 (52.4)
No 189 (45.8) 43 (41.7) 54 (52.4) 43 (41.3) 49 (47.6)

Hypertension, n (%) 0.740
Yes 301 (72.9) 72 (69.9) 75 (72.8) 75 (72.1) 79 (76.7)
No 112 (27.1) 31 (30.1) 28 (27.2) 29 (27.9) 24 (23.3)

CV, n (%) 0.439
Yes 44 (10.7) 10 (9.7) 11 (10.7) 8 (7.7) 15 (14.6)
No 369 (89.3) 93 (90.3) 92 (89.3) 96 (92.3) 88 (85.4)

Fatty liver disease, n (%) 0.325
Yes 118 (28.6) 25 (24.3) 26 (25.2) 36 (34.6) 31 (30.1)
No 295 (71.4) 78 (75.7) 77 (74.8) 68 (65.4) 72 (69.9)

Malignant neoplasm, n (%) 0.403
Yes 21 (5.1) 6 (5.8) 2 (1.9) 7 (6.7) 6 (5.8)
No 392 (94.9) 97 (94.2) 101 (98.1) 97 (93.3) 97 (94.2)

CVI, n (%) 0.912
Yes 43 (10.4) 11 (10.7) 12 (11.7) 9 (8.7) 11 (10.7)
No 370 (89.6) 92 (89.3) 91 (88.3) 95 (91.3) 92 (89.3)

TC (mg/dL), Median (IQR) 203 (171, 233) 197 (164.0, 230.3) 203 (175.0, 228.5) 216 (173.5, 246.0) 200 (166.7, 228.5) 0.191

TG (mg/dL), Median (IQR) 141 (103.0, 201.8) 113 (82.5, 157.9) 137 (111.5, 202.5) 147 (103.7, 208.0) 162 (119.5, 255.0) <0.001

HDL-C (mg/dL), Median (IQR) 48.3 (40.0, 56.9) 52 (42.6, 58.0) 49 (42.0, 68.4) 49 (41.2, 57.0) 42 (37.0, 50.3) <0.001

LDL-C (mg/dL), Median (IQR) 127 (94.0, 156.0) 125 (91.0, 153.2) 122 (92.0, 152.5) 135 (98.0, 165.2) 126 (92.5, 147.6) 0.406

hs-CRP (mg/L), Median (IQR) 3.98 (1.89, 7.12) 1.29 (1.03, 1.63) 2.89 (2.36, 3.56) 5.80 (4.30, 6.80) 9.78 (7.96, 12.3) <0.001

hs-CRP/HDL-C, Median (IQR) 0.82 (0.39, 1.54) 0.26 (0.19, 0.32) 0.59 (0.49, 0.70) 1.14 (0.99, 1.33) 2.31 (1.84, 2.93) <0.001

Note: T2DM: type 2 diabetes mellitus, BMI: body mass index, hs-CRP: high-sensitivity C reactive protein, CVI:
Chronic venous insufficiency, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein
cholesterol, TC: total cholesterol, TG: triglycerides.
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3.2. Association Between hs-CRP/HDL-C Ratio and T2DM

Logistic regression models were applied to evaluate the association between the hs-
CRP/HDL-C ratio and the presence of T2DM (Table 2). Because the hs-CRP/HDL-C ratio
had small numerical values, the continuous variable was multiplied by 10 for regression
analyses. Therefore, the reported odds ratios for the continuous variable correspond to
each one-unit increase in the transformed variable, equivalent to a 0.1-unit increase in the
original hs-CRP/HDL-C ratio. In the unadjusted model, higher hs-CRP/HDL-C levels were
associated with a significantly higher odds of T2DM (OR = 1.59, 95% CI: 1.25–2.02, p < 0.001).
This association remained statistically significant after adjustment for demographic and
lifestyle variables (OR = 1.67, 95% CI: 1.22–2.29, p = 0.002) and persisted in the fully adjusted
model (OR = 1.59, 95% CI: 1.14–2.20, p = 0.006). The consistency of the effect estimates
across the progressively adjusted models supported the robustness of this association.
In addition, multicollinearity diagnostics showed no relevant multicollinearity among
the covariates included in the multivariable models, with all VIF values being below 1.3.
When the hs-CRP/HDL-C ratio was analyzed according to quartiles, participants in the
highest quartile had higher odds of T2DM compared with those in the lowest quartile.
In the fully adjusted model, participants in Q4 had approximately 2.35-fold higher odds
of T2DM than those in Q1 (OR = 2.35, 95% CI: 1.09–5.07, p = 0.029). However, the linear
trend across quartiles did not reach statistical significance in the fully adjusted model (p for
trend = 0.079), suggesting that the quartile-based findings should be interpreted cautiously.

Table 2. The associations between hs-CRP/HDL-C ratio and T2DM.

Exposure Variable Model 1 Model 2 Model 3
OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

(hs-CRP/HDL-C) × 10 1.59 (1.25, 2.02) <0.001 1.67 (1.22, 2.29) 0.002 1.59 (1.14, 2.20) 0.006
Quartile

Q1 1 (Ref) 1 (Ref) 1 (Ref)
Q2 1.749 (1.001, 3.056) 0.049 1.81 (0.90, 3.63) 0.097 1.76 (0.86, 3.61) 0.123
Q3 1.286 (0.744, 2.223) 0.368 1.31 (0.66, 2.58) 0.437 1.23 (0.61, 2.49) 0.559
Q4 2.503 (1.405, 4.459) 0.002 2.66 (1.27, 5.59) 0.010 2.35 (1.09, 5.07) 0.029

p for trend 0.013 0.031 0.079

Note: Model 1: Non-adjusted; Model 2: Adjusted for age, sex, BMI, marital status, current smoking, ex-smoking,
never smoking, drinking, psychological stress, level of physical activity, education, parents with T T2DM, parents
with obesity, parents with CVDs, hypertension, cardiovascular interventions, fatty liver disease, malignant
neoplasm, chronic venous insufficiency (CVI); Model 3: Included additional adjustments for TC, TG, LDL-C.
The continuous hs-CRP/HDL-C variable was multiplied by 10 for regression analyses; therefore, odds ratios
correspond to each one-unit increase in the transformed variable, equivalent to a 0.1-unit increase in the original
hs-CRP/HDL-C ratio. Abbreviations: OR: odds ratio; CI: confidence interval; T2DM: type 2 diabetes mellitus,
BMI: body mass index, hs-CRP: high-sensitivity C reactive protein, HDL-C: high-density lipoprotein cholesterol.

3.3. Association Between hs-CRP/HDL-C Ratio and Obesity

The hs-CRP/HDL-C ratio was analyzed to evaluate its association with the presence
of obesity through logistic regression modeling (Table 3). As in the T2DM analysis, the con-
tinuous hs-CRP/HDL-C variable was multiplied by 10 for regression analyses. Therefore,
the reported odds ratios for the continuous variable correspond to each one-unit increase in
the transformed variable, equivalent to a 0.1-unit increase in the original hs-CRP/HDL-C
ratio. In the unadjusted model, a higher hs-CRP/HDL-C ratio was significantly associated
with higher odds of obesity (OR = 1.40, 95% CI: 1.05–1.70, p = 0.019). However, after
adjustment for demographic and lifestyle factors, this association was attenuated and did
not remain statistically significant (OR = 1.29, 95% CI: 0.99–1.67, p = 0.063). After account-
ing for all covariates, the association between the hs-CRP/HDL-C ratio and obesity was
further attenuated and remained non-significant (OR = 1.18, 95% CI: 0.90–1.56, p = 0.229).
This attenuation after full adjustment suggests that the association observed in the crude
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model may be partly explained by confounding cardiometabolic and lipid-related factors
rather than reflecting an independent association with obesity. Multicollinearity diagnostics
showed no relevant multicollinearity among the covariates included in the multivariable
models. Most VIF values were below 1.2, while total cholesterol and LDL-C had higher but
acceptable VIF values of approximately 3.

When participants were grouped by quartiles, those in the higher hs-CRP/HDL-C
categories showed an initially increased odds of obesity compared with those in the low-
est quartile. In the crude model, participants in Q4 had a significantly higher odds of
obesity (OR = 2.75, 95% CI: 1.49–5.06, p = 0.001). After adjustment for demographic and
lifestyle factors, the association remained significant for Q3 (OR = 1.95, 95% CI: 1.01–3.75,
p = 0.046) and Q4 (OR = 2.42, 95% CI: 1.19–4.94, p = 0.015). However, in the fully adjusted
model, the associations were attenuated and did not remain statistically significant for
any quartile. Trend analysis across quartiles revealed a significant linear association in the
crude model (p for trend = 0.001) and the partially adjusted model (p for trend = 0.013).
This association weakened after inclusion of all covariates and did not remain statistically
significant in the fully adjusted model (p for trend = 0.066), supporting a cautious inter-
pretation of the quartile-based findings for obesity. Overall, these results indicate that the
relationship between hs-CRP/HDL-C and obesity was not independent of the full set of
adjustment variables.

Table 3. The associations between hs-CRP/HDL-C ratio and obesity.

Exposure Variable Model 1 Model 2 Model 3
OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

(hs-CRP/HDL-C) × 10 1.40 (1.05, 1.70) 0.019 1.29 (0.99, 1.67) 0.063 1.18 (0.90, 1.56) 0.229
Quartile

Q1 1 (Ref) 1 (Ref) 1 (Ref)
Q2 1.82 (1.02, 3.23) 0.043 1.85 (0.95, 3.61) 0.072 1.69 (0.85, 3.34) 0.132
Q3 2.13 (1.18, 3.83) 0.012 1.95 (1.01, 3.75) 0.046 1.78 (0.91, 3.47) 0.093
Q4 2.75 (1.49, 5.06) 0.001 2.42 (1.19, 4.94) 0.015 1.95 (0.93, 4.10) 0.077

p for trend 0.001 0.013 0.066

Note: Model 1: Non-adjusted; Model 2: Adjusted for age, sex, marital status, current smoking, ex-smoking, never
smoking, drinking, psychological stress, level of physical activity, education, parents with T2DM, parents with
obesity, parents with CVDs, hypertension, cardiovascular interventions, fatty liver disease, malignant neoplasm,
chronic venous insufficiency (CVI); Model 3: Included additional adjustments for TC, TG, LDL-C. The continuous
hs-CRP/HDL-C variable was multiplied by 10 for regression analyses; therefore, odds ratios correspond to each
one-unit increase in the transformed variable, equivalent to a 0.1-unit increase in the original hs-CRP/HDL-C ratio.
Abbreviations: OR: odds ratio; CI: confidence interval; T2DM: type 2 diabetes mellitus, hs-CRP: high-sensitivity C
reactive protein, HDL-C: high-density lipoprotein cholesterol.

3.4. ROC Curve Analysis of hs-CRP, HDL-C and hs-CRP/HDL-C Ratio

ROC curve analysis was performed to evaluate whether the hs-CRP/HDL-C ratio pro-
vides better discrimination of metabolic disease than hs-CRP or HDL-C assessed separately
(Figure 2).

For T2DM, the hs-CRP/HDL-C ratio showed the highest discriminative performance
among the analyzed biomarkers, with an AUC of 0.601 (95% CI: 0.546–0.656, p = 0.001). This
indicates that the combined marker had a slightly better ability to distinguish participants
with T2DM from those without T2DM compared with hs-CRP alone (AUC = 0.582, 95% CI:
0.526–0.638, p = 0.005) and HDL-C inverse (AUC = 0.567, 95% CI: 0.511–0.623, p = 0.021).
From a clinical perspective, this suggests that the inflammatory-lipid imbalance captured
by the hs-CRP/HDL-C ratio is more closely related to T2DM status than either systemic
inflammation or HDL-C reduction considered separately.

For obesity, the hs-CRP/HDL-C ratio also showed the highest AUC among the eval-
uated biomarkers (AUC = 0.602, 95% CI: 0.542–0.663, p = 0.001), followed by hs-CRP
alone (AUC = 0.592, 95% CI: 0.533–0.652, p = 0.003) and HDL-C inverse (AUC = 0.574,
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95% CI: 0.514–0.634, p = 0.018). However, the differences between markers were small,
indicating that the ratio provides only a limited improvement over isolated biomarkers in
distinguishing participants with obesity from those without obesity.

Overall, although the hs-CRP/HDL-C ratio showed the best discriminative perfor-
mance for both T2DM and obesity, the AUC values were close to 0.60, indicating modest
diagnostic discrimination. Therefore, these findings support the hs-CRP/HDL-C ratio as
an associated inflammatory-lipid biomarker rather than as a standalone diagnostic tool.

Figure 2. ROC curve analysis for T2DM and obesity.

3.5. RCS Analysis

To investigate possible non-linear relationships, restricted cubic spline (RCS) models
were fitted for the hs-CRP/HDL-C ratio in relation to the presence of T2DM and obesity.
The analysis revealed a significant overall association between the hs-CRP/HDL-C ratio
and the odds of T2DM (p-overall = 0.0342). However, the test for non-linearity was not
statistically significant (p-nonlinearity = 0.3984), suggesting that the relationship between
the hs-CRP/HDL-C ratio and T2DM followed a predominantly linear increasing pattern. As
the hs-CRP/HDL-C ratio increased, the estimated odds of T2DM progressively increased,
particularly at higher ratio values (Figure 3A). These findings support an association
between higher hs-CRP/HDL-C values and T2DM, although they should not be interpreted
as evidence of risk prediction due to the cross-sectional design of the study. In contrast,
the RCS analysis for obesity did not show a statistically significant association between
the hs-CRP/HDL-C ratio and the odds of obesity (p-overall = 0.2055). The test for non-
linearity was also not significant (p-nonlinearity = 0.1874), indicating that no clear linear
or nonlinear relationship was observed between the hs-CRP/HDL-C ratio and obesity in
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the fully adjusted model (Figure 3B). This finding is consistent with the logistic regression
results, in which the association with obesity was attenuated after full adjustment.

 

 

A 

B 

Figure 3. The RCS analysis between the hs-CRP/HDL-C ratio and the association of T2DM and
obesity. (A) RCS analysis between the hs-CRP/HDL-C ratio and the association of T2DM. (B) RCS
analysis between the hs-CRP/HDL-C ratio and the association of obesity. The shaded area represents
the 95% confidence interval. The black dashed line represents the reference line at odds ratio = 1,
indicating no association. The red solid line indicates the estimated association between the hs-
CRP/HDL-C ratio and the association of the outcomes, RCS, restricted cubic spline; CI, confidence
interval, T2DM, type 2 diabetes mellitus, hs-CRP: high-sensitivity C reactive protein, HDL-C: high-
density lipoprotein cholesterol.

3.6. Subgroup Analyses

Exploratory subgroup and interaction analyses were conducted to evaluate whether
the relationship between the hs-CRP/HDL-C ratio and the presence of T2DM and obesity
differed across clinically relevant strata, including sex, age, BMI, smoking status, alcohol
intake, psychological stress, hypertension, fatty liver disease, and triglyceride levels.

A positive relationship between the hs-CRP/HDL-C ratio and the odds of T2DM was
observed in the majority of the examined subgroups (Figure 4A). Stronger associations
were noted among females, individuals with BMI ≥ 30 kg/m2, smokers, and participants
with triglyceride levels < 150 mg/dL. Interaction tests indicated significant heterogeneity
for smoking status and TG levels (both p for interaction < 0.05), suggesting that these
variables may modify the strength of the association between the hs-CRP/HDL-C ratio and
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T2DM. However, given the reduced sample size within stratified analyses, these subgroup
findings should be interpreted cautiously and considered hypothesis-generating rather
than confirmatory.

A 

B 

Figure 4. Subgroup analysis for the association between the hs-CRP/HDL-C ratio and the association
of T2DM and obesity. (A) Subgroup analysis for the association between the hs-CRP/HDL-C ratio
and the association of T2DM. (B) Subgroup analysis for the association between the hs-CRP/HDL-C
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ratio and the association of obesity. Abbreviations: BMI, body mass index; TG, triglycerides; OR,
odds ratio; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; HDL-C, high-density
lipoprotein cholesterol.

For obesity, the hs-CRP/HDL-C ratio showed a generally positive but weaker associa-
tion across subgroups (Figure 4B). Interaction analyses did not identify significant variation
across the investigated factors (all p for interaction > 0.05), indicating that the association
between the hs-CRP/HDL-C ratio and obesity was broadly consistent across the analyzed
subgroups. Nevertheless, because the main fully adjusted association with obesity was not
statistically significant, these subgroup findings should also be interpreted cautiously and
should not be considered evidence of an independent association.

4. Discussion
This retrospective cross-sectional study of 413 participants found an association be-

tween the hs-CRP/HDL-C ratio and the presence of T2DM and obesity. Higher levels of
the hs-CRP/HDL-C ratio were significantly associated with higher odds of T2DM, whereas
the association with obesity was attenuated after adjustments for potential confounding
variables. Importantly, the independent association between the hs-CRP/HDL-C ratio and
T2DM appeared stronger and more consistent than the association observed with obesity.
These results suggest that the hs-CRP/HDL-C ratio may represent a useful marker associ-
ated with the interplay between systemic inflammation and lipid metabolism disturbances
in metabolic disorders.

In the present analysis, individuals in the higher quartiles of the hs-CRP/HDL-C ratio
presented altered metabolic profiles, including higher BMI, elevated TG levels, and lower
HDL-C concentrations. These findings are consistent with previous evidence showing
that obesity and T2DM are commonly associated with chronic low-grade inflammation
and lipid metabolism abnormalities. Chronic inflammation and excessive adipose tissue
have also been linked to insulin resistance and adipocyte dysfunction [25]. Furthermore,
logistic regression analysis showed that the hs-CRP/HDL-C ratio remained independently
associated with T2DM after adjusting for demographic, lifestyle, and metabolic factors.
In contrast, the association with obesity did not remain statistically significant after full
adjustment, suggesting that the crude relationship may be largely explained by overlapping
cardiometabolic and lipid-related factors [27]. The RCS analysis showed a progressive
increase in the estimated odds of T2DM with increasing hs-CRP/HDL-C values, supporting
a predominantly linear association. However, given the cross-sectional design, these
findings should not be interpreted as evidence of causality or association prediction.

Our findings are consistent with previous epidemiological studies evaluating
inflammatory-lipid ratios in cardiometabolic diseases. For instance, Xue K. et al. reported
that higher hs-CRP/HDL-C ratios were associated with increased odds of prediabetes and
T2DM in a population-based analysis using NHANES data [28]. Similarly, other studies
reported that elevated hs-CRP/HDL-C ratios were associated with adverse cardiometabolic
profiles and a higher prevalence of metabolic syndrome [29]. Han F. et al. also suggested
that the hs-CRP/HDL-C ratio may be more strongly associated with cardiometabolic
risk than hs-CRP or HDL-C alone [30]. These findings support the idea that combined
inflammatory and lipid biomarkers may better reflect the complex pathophysiology of
metabolic disorders than isolated biomarkers [28,31]. The novelty of the present study
lies in the simultaneous evaluation of the hs-CRP/HDL-C ratio in relation to both T2DM
and obesity, while accounting for the overlap between these conditions and showing that
the independent association is more robust for T2DM than for obesity. Several biological
mechanisms may explain the association between the hs-CRP/HDL-C ratio and metabolic
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disorders. Chronic low-grade inflammation is frequently observed in insulin resistance
and T2DM [30,32]. Pro-inflammatory cytokines may impair insulin signaling, reduce glu-
cose uptake, and contribute to β-cell dysfunction [33]. hs-CRP is an acute-phase protein
produced by the liver in response to inflammatory cytokines, particularly interleukin-6,
and is widely used as a marker of systemic inflammation [34]. Although hs-CRP is mainly
considered an inflammatory marker, previous evidence suggests that CRP may also be
involved in endothelial dysfunction, vascular inflammation, and metabolic dysregulation.
HDL-C has a protective role in metabolic and cardiovascular health. HDL particles are
involved in reverse cholesterol transport and have anti-inflammatory, antioxidant, and
endothelial-protective properties [35]. In inflammatory states, HDL particles may become
dysfunctional and lose part of their anti-inflammatory and antioxidant effects [32]. This is
particularly relevant in metabolic disease, where low-grade inflammation and lipid abnor-
malities often coexist. Therefore, the hs-CRP/HDL-C ratio may reflect the balance between
pro-inflammatory activity and reduced HDL-mediated protection [28,35]. A higher ratio
may indicate a metabolic environment associated with insulin resistance and metabolic
dysfunction [28,30].

Adipose tissue also plays an important role in systemic inflammation. Adipocytes
and infiltrating immune cells secrete pro-inflammatory cytokines, including tumor necro-
sis factor-α and interleukin-6, which stimulate hepatic CRP synthesis and contribute to
persistent low-grade inflammation [36,37]. However, in the present study, the associa-
tion between the hs-CRP/HDL-C ratio and obesity was no longer significant after full
adjustment. This suggests that the hs-CRP/HDL-C ratio may be more closely related to
T2DM-associated metabolic inflammation than to obesity alone.

The hs-CRP/HDL-C ratio has several potential advantages as a clinical marker. Both
hs-CRP and HDL-C are routinely measured in clinical practice, making the ratio easy to
calculate without additional costs. Moreover, the ratio combines inflammatory and lipid-
related information, which may be relevant in cardiometabolic disease assessment [28,31].
However, the clinical applicability of this ratio should be interpreted cautiously. The
present study did not assess predictive performance, diagnostic accuracy, cut-off values,
or longitudinal outcomes. Therefore, the hs-CRP/HDL-C ratio should be considered an
associated marker of metabolic inflammation rather than an established clinical prediction
tool. Further prospective studies are needed to determine whether this ratio can improve
risk stratification or guide preventive and therapeutic strategies.

This study has several strengths. First, it provides a comprehensive analysis of the
relationship between the hs-CRP/HDL-C ratio and metabolic outcomes using logistic
regression and RCS analysis. Second, the inclusion of multiple potential confounders
enhances the analytical rigor of the findings. Third, the study specifically considered the
overlap between T2DM and obesity, allowing for a more nuanced interpretation of the
independent associations with each condition.

However, several limitations should be acknowledged. First, the cross-sectional
design limits the ability to infer causal relationships or temporal direction between the
hs-CRP/HDL-C ratio and metabolic outcomes. Second, although several covariates were
included in the multivariable models, residual confounding cannot be excluded, partic-
ularly from unmeasured dietary, pharmacological, genetic, or inflammatory factors. In
particular, complete and reliable information regarding medication use, including statins,
metformin, insulin, GLP-1 receptor agonists, and anti-inflammatory drugs, was not avail-
able for all participants. Since these treatments may influence hs-CRP and HDL-C levels,
medication-related adjustment could not be performed and this may have affected the
observed associations. Third, the study was conducted in a single center, which may limit
the generalizability of the findings. Fourth, the exclusion of patients with incomplete data
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or conditions that could influence hs-CRP may have introduced selection bias. Fifth, sub-
group analyses were limited by modest sample sizes after stratification, which may have
resulted in unstable estimates; therefore, these findings should be considered exploratory
and hypothesis-generating. Finally, the absence of longitudinal follow-up prevents an
evaluation of whether the hs-CRP/HDL-C ratio predicts the future development of T2DM,
obesity progression, or cardiometabolic events.

In conclusion, the hs-CRP/HDL-C ratio was independently associated with T2DM,
while its association with obesity was attenuated and no longer significant after full adjust-
ment. These findings suggest that the hs-CRP/HDL-C ratio may better reflect inflammatory-
lipid disturbances related to T2DM than obesity alone. Nevertheless, because of the retro-
spective cross-sectional design, the results should be interpreted as associations and not as
evidence of causality or predictive clinical utility.

5. Conclusions
In conclusion, the present study showed that higher hs-CRP/HDL-C ratio levels

are significantly associated with higher odds of T2DM, particularly after adjustment for
demographic, lifestyle, and metabolic factors. In contrast, the association between the
hs-CRP/HDL-C ratio and obesity was attenuated and lost statistical significance after
full adjustment, suggesting that this relationship may be largely explained by overlap-
ping cardiometabolic and lipid-related factors. These findings support the role of the
hs-CRP/HDL-C ratio as a potential biomarker reflecting the interaction between systemic
inflammation and lipid metabolism disturbances, especially in relation to T2DM. Given
the retrospective cross-sectional design, the hs-CRP/HDL-C ratio should be interpreted
as an associated marker rather than as a predictive or risk-stratification tool. Since both
hs-CRP and HDL-C are routinely measured in clinical practice, this ratio may represent
a simple and accessible marker for further evaluation in cardiometabolic research. Fur-
ther prospective and longitudinal studies are required to confirm these findings and to
determine whether the hs-CRP/HDL-C ratio has true predictive value for cardiometabolic
disease progression and clinical outcomes.
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