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ABSTRACT

Aims: Chronic systemic inflammation and mineral metabolism disturbances are prevalent in hemodialysis (HD) patients. The
presence of type 2 diabetes mellitus (T2DM) may further exacerbate inflammatory burden and disrupt calcium-parathyroid
hormone (Ca-PTH) homeostasis. This study aimed to perform a comparative assessment of systemic and immune-inflammatory
indices together with Ca-PTH levels in HD patients with and without T2DM, to assess the impact of diabetes on these parameters.
Methods: This retrospective multicenter study included 211 maintenance HD patients, including 97 with T2DM and 114
without diabetes. Inflammatory and immune-related indices, including the PIV, SIRI, SII, NLR, PLR, LMR, NMR, MPVLR,
MHR, SII/albumin ratio, and CRP/albumin ratio were evaluated together with hematological parameters, biochemical markers,
and mineral metabolism parameters.

Results: SIRI, PIV, MHR, IMA, and monocyte concentrations were notably elevated in the T2DM group compared to their
non-diabetic counterparts (p<0.05). ROC analysis showed modest discriminatory performance for SIRI (AUC=0.586) and PIV
(AUC=0.583), with PIV demonstrating 71% sensitivity at a cut-off value of 25.28. In contrast, serum calcium and PTH levels
were lower in the T2DM group, with calcium exhibiting the negative association among the studied parameters. SIRI and PIV
were positively associated with leukocyte-related inflammatory markers, whereas calcium and PTH correlated with hemoglobin,
hematocrit, potassium and phosphorus.

Conclusion: In hemodialysis patients, T2DM may be associated with an increased systemic inflammatory burden and a relative
suppression of the Ca-PTH axis. Lower calcium and PTH levels could potentially reflect alterations in mineral metabolism
and may be suggestive of a tendency toward adynamic bone disease. These observations may highlight the potential value of
integrating inflammatory indices with Ca-PTH parameters to better characterize diabetes-associated inflammatory activity and
disturbances in mineral metabolism in this patient population.

Keywords: Diabetes, hemodialysis, systemic inflammatory and immune indices, parathyroid hormone, calcium, mineral
metabolism

INTRODUCTION

Maintenance hemodialysis (HD) cohorts are increasingly
defined by a striking prevalence of type 2 diabetes mellitus
(T2DM), an overarching comorbidity that imposes a
multifaceted cardiovascular, metabolic, and psychosocial
strain.' The survival of diabetic dialysis patients is significantly
worse than that of dialysis patients without diabetes.” Cohort
studies conducted in HD populations have reported that
approximately 45-74% of HD patients have diabetes, and
diabetes has been shown to be associated with a higher
comorbidity burden and an approximately 72% increased
risk of mortality." Systemic inflammation serves as a pivotal
mechanistic link in the underlying pathophysiology of both
HD and T2DM. In HD patients, contact between blood
and dialysis membranes promotes platelet adhesion and
activation, contributing to chronic subclinical inflammation
and immune dysregulation.>* Platelet activation represents
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one of the earliest steps in the inflammatory cascade observed
in HD patients and triggers multiple events that lead to
chronic subclinical inflammation and immune dysfunction.
Notably, platelet activation is considered a central mechanism
that initiates chronic low-grade inflammation and contributes
to immune system dysregulation in this population.’”In HD
patients, dysfunction has been demonstrated in both the innate
and adaptive immune systems. This condition is characterized
by impaired anti-inflammatory responses, including reduced
synthesis of IL-10 and caspase-8, as well as T-cell abnormalities
such as a reduction in CD73* T-cell subsets.>® Alterations in
innate immune cells, such as neutrophils and monocytes,
as well as adaptive immune components including T and B
lymphocytes, are partly associated with exposure to uremic
toxins and repeated extracorporeal blood circulation. These
changes are positively associated with systemic inflammation,
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increased susceptibility to infections, and an elevated
risk of cardiovascular complications.**” In particular,
the accumulation of uremic toxins, which is common in
HD patients, increases leukocyte activity and promotes
inflammation.” Chronic low-grade inflammation is both a
driver and a consequence of diabetes, particularly T2DM, and
is closely linked to oxidative stress and metabolic dysfunction.
Sustained inflammation in diabetes mellitus is linked to
insulinresistance and increased glucose concentrations, which
is evidenced by elevated levels of inflammatory biomarkers.
In addition, chronic hyperglycemia and insulin resistance
observed during the diabetic process lead to the pathological
accumulation of advanced glycation end products (AGEs) in
tissues, thereby disrupting bone homeostasis. This metabolic
dysfunction suppresses bone by inhibiting
osteoblastic activity and limits the physiological adaptive
capacity of the parathyroid gland in response to altered
homeostatic demands.”*

turnover

In this context, in this context, the present study aimed
to assess the effect of T2DM on inflammatory status
among individuals undergoing HD by analyzing systemic
inflammatory and immune-inflammatory indices, together
with calcium (Ca) and parathyroid hormone (PTH) levels.

METHODS

Ethics

This study was conducted with the approval of the Kirikkale
University Ethics Committee for Non-interventional Researches
(Date: 14.05.2025, Decision No: 2025.05.07). Permission to
access clinical data was granted by Private Ankara Balgat
Dialysis Center. All procedures were carried out in accordance
with the ethical rules and the principles of the Declaration of
Helsinki.

Study Design

This retrospective, multicenter study include.d 211 patients
receiving maintenance HD who were followed at the
Department of Internal Medicine, Kirikkale University
Faculty of Medicine, and the Private Ankara Balgat Dialysis
Center between January 2020 and January 2025. According
to diabetes status, patients were categorized into two groups:
those with T2DM (n=97) and those without diabetes (n=114).
The study included patients with a confirmed diagnosis of
T2DM and a disease duration of at least 10 years, all of whom
were diagnosed with diabetic nephropathy based on hospital
records. The mean age of the study population was 62.7+11
years. All participants were receiving maintenance HD due
to end-stage kidney disease with a glomerular filtration
rate (GFR) of 15 ml/min/1.73 m* or lower. The diagnosis of
T2DM was established in accordance with the criteria of the
American Diabetes Association (ADA).

In this study, inflammatory and immune-related indices-
including the Pan-Immune-Inflammation Value (PIV),
Systemic Immune-inflammation Index (SII), Systemic
Inflammation Response Index (SIRI), neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
lymphocyte-to-monocyte ratio (LMR), neutrophil-to-
monocyte ratio (NMR), mean platelet volume-to-lymphocyte
ratio (MPVLR), monocyte-to-high-density lipoprotein
cholesterol ratio (MHR), SII/albumin ratio, and CRP/albumin
ratio were evaluated. Hematological parameters included
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leukocyte, neutrophil, lymphocyte, monocyte, and platelet
counts, plateletcrit, hemoglobin, hematocrit,and mean platelet
volume (MPV). Biochemical markers comprised C-reactive
protein (CRP), ferritin, ischemia-modified albumin (IMA),
high-density lipoprotein cholesterol (HDL-C), non-HDL
cholesterol, alanine aminotransferase (ALT), and albumin.
Parameters related to electrolyte and mineral metabolism,
including PTH, sodium (Na), potassium (K), Ca, and
phosphorus (P), were also recorded. Patient demographics
and laboratory datasets were compiled retrospectively by
accessing medical archives.

Inclusion and Exclusion Criteria

Patients aged 18 years or older were eligible for inclusion,
were receiving maintenance HD for end-stage kidney disease
(GFR<15 ml/min/1.73 m?), had been on regular HD for at
least 6 months.

Patients were excluded if they had been receiving HD for less
than 6 months; had an active infection, sepsis, or any acute
inflammatory condition at the time of blood sampling; had a
known malignancy or active autoimmune or rheumatologic
disease; were pregnant; had missing key clinical or laboratory
data that could compromise the reliability of the analyses;
or were younger than 18 years of age. Patients with severely
impaired glycemic control or acute critical conditions were
excluded from the study.

Statistical Analyses

All data analyses were conducted with IBM SPSS Statistics
for Windows (version 27.0; IBM Corp., Armonk, NY, USA).
Normality of the data was examined using the Shapiro-Wilk
test. According to the distribution characteristics, intergroup
differences were analyzed using the Student’s t-test for
normally distributed variables or the Mann-Whitney U test
for non-normally distributed variables. The discriminative
ability of inflammatory biomarkers was evaluated using
receiver operating characteristic (ROC) curve analysis, and
the area under the curve (AUC) was used to assess diagnostic
accuracy. The optimal cut-off valuewas determined using
the Youden index (sensitivity+specificity-1) to identify the
point that provided the best balance between sensitivity and
specificity.

Correlations among variables were examined using either
Pearson or Spearman correlation tests, as appropriate.
Statistical significance was defined as a two-tailed p value of
less than 0.05.

RESULTS

Hematological and Inflammatory Parameters

A statistically significant difference in monocyte counts
was observed between the groups (p=0.045). In contrast, no
statistically significant differences were detected in leukocyte,
neutrophil, lymphocyte, platelet counts, plateletcrit,
hemoglobin, hematocrit, or MPV (p>0.05), (Table 1). Regarding
inflammatory and immune-related indices, significant
differences in PIV, SIRI, and MHR were observed between
the groups (p=0.044, p=0.040, and p=0.004, respectively).
However, no significant differences were found for SII, NLR,
PLR, LMR, NMR, MPVLR, or the ratios of SII/albumin and
CRP/albumin (p>0.05), (Table 2).
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HD with T2DM
Categories/parameters  (mean+SD/IQR)
Gender (female) 46 (47.4%)

Gender (male) 51 (52.6%)

Hematological parameters (mean+SD)

Leukocyte (10°/uL) 6.95+2.1
Neutrophil (10*/pL) 4.71£1.7
Lymphocyte (10*/pL) 1.44+0.5
Monocyte (10%/uL) 0.67+0.4
Platelet (10°/uL) 198.3+67.6
Plateletcrit (%) 0.64+3.4
Hemoglobin (g/dl) 11.36+1.6
Hematocrit (%) 34.67+6.4
MPV (fL) 11.12+1.1

Biochemical markers (median (IQR))

CRP (mg/L) 10.3 (5.4-23.2)
618 (400-760.2)

0.711 (0.595-0.818)

Ferritin (ng/ml)
IMA (ABSU)

HDL-C (mg/dl) 40 (29-46)
non-HDL-C (mg/dl) 139 (120.7-179.2)
ALT (U/L) 14 (11-18.7)
Alb (g/dl) 3.7 (3.4-3.9)

Mineral metabolism

PTH (pg/ml) 198.5 (110.2-309)

(median (IQR))
gﬁégigﬁ; 137.843.1
K (mEq/L) (mean+SD) 5.13+0.8
Ca (mg/dl) (mean+SD) 8.34+0.8
P (mg/dl) (mean+SD) 5.12+1.4
HD with T2DM
Parameter median (IQR)
PIV 34 (21.40-62.58)
SIT 647.8 (413.21-909.02)
SIRI 2.03 (1.38-3.15)
NLR 3.14 (2.42-4.50)
PLR 143.9 (104.34-192.75)
LMR 2.14 (1.56-3.26)
NMR 8.6 (5.24-10.69)
MPVLR 8.03 (6.26-11.13)
MHR* 0.020 (0.010-0.020)
SII/Alb ratio 170.5 (104.10-229.00)
CRP/AIb ratio 2.6 (1.68-5.10)

HD
(mean+SD/IQR) P
44 (38.6%) 0.21
70 (61.4%)
6.56+2.2 0.14
4.32+1.7 0.12
1.37£0.5 0.37
0.58+0.2 0.045*
194.9+56.1 0.69
0.25+0.1 0.24
11.36x1.7 0.97
35.09+6.4 0.64
10.96£1.0 0.30
9.6 (4.6-16.6) 0.35
732 (514-851.5) 0.29
0.619 (0.507-0.753)  0.044*
38.50 (34-44.2) 0.20
136 (120.5-172.7) 0.92
13 (9-17.2) 0.55
3.7 (3.5-4) 0.51
203.5(129.7-406.7)  0.007*
138.2+4.2 0.45
5.28+0.8 0.18
8.74+0.9 0.002*
5.18+1.4 0.77

HD median (IQR) P

269 (14.03-61.21)  0.044*
586.7 (366.74-97695)  0.20
1.6 (1.16-2.51) 0.040*
3.2 (2.40-4.49) 0.13
138.6(112.88-190.60)  0.63
2.3 (1.80-3.28) 0.39
7.4 (5.85-9.44) 0.40
7.8 (6.37-10.36) 0.45
0.010 (0.010-0.020)  0.004*
159.9 (98.46-258.75)  0.89
2.4 (1.16-3.99) 0.22

The diagnostic performance evaluation demonstrated that
SIRI and PIV were significantly elevated in the diabetic group
(p<0.05). The AUC values for SIRI (0.586) and PIV (0.583)
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indicated a modest but significant discriminatory capacity
for identifying diabetic status. Specifically, PIV showed
a sensitivity of 71% at a cut-off value of 25.28, suggesting
screening potential. Correlation analysis revealed that both
PIV and SIRI were significantly and positively associated
(p<0.001) with neutrophil and leukocyte (WBC) counts, as
well as with NLR and SII, while showing a highly significant
inverse correlation with LMR (p<0.001).

Biochemical Markers and Mineral Metabolism

A statistically significant difference in IMA concentrations
was identified between the groups (p=0.044), whereas no
significant differences were observed for CRP, ferritin, HDL-C,
non-HDL-C, ALT, or albumin (p>0.05). Notably, PTH and
serum Ca levels differed significantly between the groups
(p=0.007 and p=0.002, respectively), being significantly lower
in the diabetic group. No significant differences were detected
in sodium, potassium, or phosphorus levels (p>0.05), (Table 1).

Receiver operating characteristic (ROC) analyses and curves
are presented in Table 3 and Figure. ROC curve analysis
suggested that Ca might serve as a negative predictor for
T2DM (Table 3). This finding suggests that decreased Ca
levels may be inversely associated with T2DM occurrence. In
the present cohort, the observed relationship between lower
PTH and Ca levels and an increased prevalence of T2DM
may reflect a complex interplay between Ca homeostasis and
glucose metabolism. Correlation analysis showed that PTH
was positively correlated with LMR (p<0.001), hematocrit
(p=0.001), hemoglobin (p=0.016), phosphorus (p<0.001),
and potassium (p=0.015). Similarly, serum Ca levels were
significantly and positively associated with hematocrit
(p=0.205, p=0.003) and phosphorus (p=0.182, p=0.008),
(Table 4).

DISCUSSION

The pathophysiological framework of both HD and T2DM
is inextricably tied to systemic inflammation. In the present
study, the T2DM subgroup exhibited substantially higher
values for SIRIL, PIV, MHR, IMA, and monocytes, whereas
a physiological suppression was observed in Ca and PTH
levels when compared with their non-diabetic counterparts.
Consistent with our findings, previous studies have identified
SIRI as a independent prognostic marker in diabetic HD
patients. Elevated SIRI levels were associated with an
approximately fourfold increase in mortality risk, and a SIRI-
based predictive model has been proposed as a valuable tool
for clinical risk stratification in this population.'"** There is
a limited number of studies evaluating the MHR in diabetic
HD patients. However, findings from related populations
support our results. In a study conducted among patients
with diabetic nephropathy, the association between MHR and
disease severity was evaluated in the subgroup with severe
albuminuria, and MHR levels were found to be significantly
elevated.” The PIV index has not previously been examined
in HD patients with T2DM. In contrast, earlier research
demonstrated significantly higher SITand PIV levels in female
HD patients compared with their male counterparts.”* The
PIV index, which integrates neutrophil, monocyte, platelet,
and lymphocyte counts, reflects both inflammatory activation
and immune dysregulation.” In patients undergoing HD,
the presence of T2DM may further increase PIV levels due




Intercont J Int Med. 2026;4(2):28-33 Diabetes in hemodialysis: inflammatory markers and Ca-PTH

Table 3. ROC analysis of biomarkers for T2DM in hemodialysis patients

Variable AUC (95% CI) p-value Cut-off Sensitivity (%) Specificity (%)
SIRI 0.586 (0.509-0.663) 0.028 2.01 49.5 67.5
PIV 0.583 (0.505-0.661) 0.036 25.29 71.0 49.6
Parathormone 0.420 (0.341 - 0.498) 0.04 46.50 97.9 8.3
Calcium 0.382 (0.307-0.457) 0.002 6.80 96.9 35

ROC: Receiver operating characteristic, T2DM: Type 2 diabetes mellitus, AUC: Area under the curve, CI: Confidence interval, PIV: Pan-Immune-Inflammation Value, SII: Systemic Inmune-inflammation Index,

SIRI: Systemic Inflammation Response Index
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chronic inflammatory milieu associated with uremia and
HD alters monocyte functional properties and contributes
to persistent activation of the innate immune response.”"’
Although not identical to the population included in the In our study, the pronounced increase in monocyte levels
in T2DM patients undergoing HD may be attributable to
impaired chemotactic receptor function, which may limit
the migration of these cells from the vascular compartment
to tissues, thereby prolonging their persistence in circulation.
In addition, chronic inflammation may promote immune
monocyte-mediated inflammatory pathways may contribute  aging (immunosenescence), further contributing to the
to the inflammatory milieu observed in diabetic kidney  accumulation of circulating monocytes. Indeed, it has been
disease and HD patients with T2DM. reported that immunosenescence in chronic kidney disease
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to possibly driven by intensified systemic inflammation,
endothelial impairment, and oxidative stress.

present study, similar outcomes have been reported in
studies involving patients with diabetic nephropathy, where
monocyte levels were significantly higher compared with
healthy controls.”® These results support the hypothesis that

Table 4. Correlation analysis of inflammatory and biochemical parameters

Parameters SIRI Monocyte PIV MHR Ca++ PTH NLR SIT CRP Alb
SIRI 1 .628** .400** A3T7* -.088 -.359%* .685** .735%* 134 -.066
(<.001) (<.001) (<.001) (.204) (<.001) (<.001) (<.001) (.052) (.338)
Monocyte .628** 1 .061 745%* .003 =219 464 .001 107 -.002
Yt (<.001) (.384) (<.001) (.968) (.002) (<.001) (.988) (.122) (.980)
PIV .400** .061 1 .017 -.244* -.114 523 .488** .866™* .052
(<.001) (.384) (.811) (<.001) (.10) (<.001) (<.001) (<.001) (.458)
MHR A37* .745% .017 1 .014 -.138 .396** 341 -.130 =12
(<.001) (<.001) (.811) (.836) (.050) (<.001) (.002) (.060) (.108)
Catt -.088 .003 -.244% .014 1 .146* -.020 -.120 -.097 .330**
(.204) (.968) (<.001) (.836) (.040) (.777) (.082) (.161) (<.001)
PTH -.319%* -.219%* -.124 -.138 .146* 1 -.246%* =201 -.032 134
(<.001) (.002) (.076) (.050) (.040) (<.001) (.004) (.647) (.055)
NLR 685 464** .523** .396%* -.020 -.246** 1 .832** .288** -.144*
(<.001) (<.001) (<.001) (<.001) (.777) (<.001) (<.001) (<.001) (.042)
SIT .735%* .001 .488** .341%% -.120 -.201%* .832%* 1 .081 .041
(<.001) (.988) (<.001) (.002) (.082) (.004) (<.001) (.241) (.563)
CRP 134 107 .866™* -.130 -.097 -.032 .288** .081 1 -.026
(.052) (.122) (<.001) (.060) (.161) (.647) (<.001) (.241) (.713)
Alb -.066 -.002 .052 =112 330" 134 -.144* .041 -.026 1
(.338) (.980) (.458) (.108) (<.001) (.055) (.042) (.563) (.713)

SIRI: Systemic Inflammation Response Index, PIV: Pan-Immune-Inflammation Value, MHR: Monocyte-to-high-density lipoprotein cholesterol ratio, Ca: Calcium, PTH: Parathyroid hormone, NLR: Neutrophil-to-lymphocyte

ratio, SII: Systemic Immune-Inflammation Index, CRP: C-reactive protein, Alb: Albumin
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leads to the accumulation of functionally altered but highly
pro-inflammatory monocyte and macrophage populations in
the circulation.” This phenomenon may reflect the presence
of an “aged” immune cell pool characterized by reduced tissue
infiltration capacity but increased inflammatory activity,
which may represent an important mechanism underlying the
chronic inflammatory state observed in diabetic HD patients.
In the present study, lower Ca and PTH levels observed in HD
patients with T2DM may be associated with adynamic bone
disease, a condition characterized by low bone turnover that
is frequently reported in diabetic patients with chronic kidney
disease.?” Chronic hyperglycemia, accumulation of AGEs, and
insulin resistance may suppress osteoblast function, thereby
reducing bone turnover and impairing the physiological
responsiveness of the parathyroid gland.” Consistent with
this mechanism, previous studies have reported lower PTH
levels and a higher prevalence of low bone turnover patterns
in diabetic nephropathy patients."’

The present study demonstrates that SIRI (AUC: 0.586,
p=0.028) and PIV (AUC: 0.583, p=0.036) exhibit statistically
significant but modest discriminatory performance for
identifying T2DM status. Although SIRI achieved a specificity
of 67.5% at a cut-off value of 2.01 and PIV showed a sensitivity
of 71.0%, the proximity of their lower confidence intervals to
the 0.50 threshold indicates that their clinical applicability
should be interpreted with caution.

In contrast, parathormone (AUC: 0.420) and Ca (AUC: 0.382)
demonstrated limited diagnostic performance, suggesting a
weak inverse association with T2DM rather than meaningful
predictive utility. Given their suboptimal AUC values and
particularly the low specificity observed for Calcium, these
markers do not currently satisfy the criteria for independent
clinical biomarkers in this setting.

Overall, these findings should be considered preliminary
evidence of altered mineral metabolism in the diabetic
nephropathy rather than definitive diagnostic indicators,
and they warrant validation in larger, adequately powered
prospective cohorts.

Limitations

This study’s retrospective design limited our ability to fully
adjust for confounding factors like medication history and
comorbidities via multivariable analysis. Although HbAlc was
not recorded, it is often a suboptimal marker in HD patients
due to altered erythrocyte turnover. To minimize these
constraints, we applied strict inclusion criteria, including a
T2DM history of 210 years and a stable dialysis vintage of >
6 months. Future prospective studies are required to validate
the independent predictive value of these markers.

CONCLUSION

As a result, HD patients with T2DM exhibit a complex
biochemical profile characterized by elevated SIRI and PIV
levels, as well as a decline in Ca and PTH concentrations.
Although SIRI and PIV showed statistically significant
but modest discriminatory performance, their diagnostic
utility necessitates cautious interpretation. Furthermore, the
inverse patterns observed for Ca and PTH suggest a potential
suppression of the mineral bone axis possibly reflecting low
bone turnover states such as adynamic bone disease within the
context of diabetic nephropathy. Collectively, these findings
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provide preliminary evidence of a link between systemic
inflammation and altered mineral metabolism. Further high-
powered, prospective studies are essential to validate these
associations and to clarify their prognostic significance in the
diabetic nephropathy population.
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