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ARTICLE INFO ABSTRACT
Keywords: Background: Epidemiological evidence regarding the possible link between serum ferritin (SF)
Serum ferritin level and ischemic stroke risk among individuals with type 2 diabetes mellitus (T2DM) is sparse.

Ischemic stroke

Aim: To evaluate the association between SF level in plasma and ischemic stroke risk among
Type 2 diabetes mellitus

individuals with T2DM.

Methods: SF levels were measured in 210 T2DM patients with (n = 165) or without ischemic
stroke (n = 45). Multivariate logistic regression analyses were used to estimate odds ratios (ORs)
and 95% confidence intervals (CIs).

Results: The SF level of T2DM patients with ischemic stroke was significantly higher than that of
patients without ischemic stroke (P = 0.003). The multivariate logistic regression analyses
revealed that each 1-SD increase in SF (OR: 1.92; 95%CIL: 1.22, 3.03) was significantly associated
with increased ischemic stroke risk among T2DM patients. In addition, interaction effect of SF and
BMI on ischemic stroke risk were also observed (P for interaction = 0.037).

Conclusions: Higher levels of SF were independently associated with increased risk of ischemic
stroke among individuals with T2DM.

1. Introduction

Diabetes, as a global health problem, has been spreading continuously in the world in recent years. About 578 million people are
expected to suffer from this disease in 2030, and the number will continue to rise to 700 million by 2045 [1]. This is most concerning
because the prevalence of other diseases, such as stroke, will increase correspondingly with the increase of diabetes, leading to heavier
diseases and financial burden. It is reported that patients with type 2 diabetes mellitus (T2DM) have a 2.5-times increased risk of
ischemic stroke and a 1.5-times increased risk of hemorrhagic stroke [2]. In addition, stroke accounts for approximately 20% of deaths
in individuals with diabetes [3]. In China, the prevalence and incidence of stroke are still rising in the past decade, which is contrary to
the trend of many other countries in the world [4,5]. Given that diabetes is a well-recognized independent risk factor for stroke, it is
critical to identify biomarkers that can predict the occurrence of stroke among individuals with T2DM.
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Iron, as an essential metal for living organism, is crucial for the maintenance of cell homeostasis and preservation of life, which
display important structural regulatory and catalytic functions in different types of proteins like enzymes, receptors and transporters
[6]. Serum ferritin (SF), which is composed of 24 subunits of two types named heavy and light chains [7], is widely used as an indicator
of body iron stores in clinical medicine [8,9]. Epidemiological studies have demonstrated the positive association between SF levels
trace element status and the development of diabetes [10] and one meta-analysis [11] based on 52 studies indicated that the ferritin
levels in T2DM patients were significantly higher than the healthy controls. And studies has also suggested that iron overload asso-
ciated with the initiate of macrovascular and microvascular complications among diabetes patients [12,13] and iron chelating drugs
could be used to control diabetes and diabetic complications [14]. Elevated level of SF is closely related to iron overload [9] and studies
have showed that iron overload produces elevated levels of SF [10]. SF is not only a scavenger of free iron, but also a supplier of free
iron which can generate oxidative stress [6] and is a source of hydroxyl radicals [8]. It is worth noting that, recent clinical studies have
shown that iron-dependent oxidative stress can lead to necrosis and further neurological deterioration following ischemic stroke [15].
The above evidence leads us to speculate the potential association between SF level and stroke prevalence among T2DM patients. Still,
the relationship between SF and ischemic stroke in patients with T2DM is poorly documented.

In this study, we aim to investigate the relationship between SF and ischemic stroke prevalence in patients with T2DM and to
explore whether SF can be served as independent biomarker to diabetic ischemic stroke in addition to other clinical and laboratory
parameters.

2. Methods
2.1. Study population and design

All patients admitted to department of geriatric neurology, the second affiliated hospital of Xi’an Jiaotong University. between May
2021 and March 2022 with T2DM defined by self-reported history of diabetes and treatment with antidiabetic medications or fasting
plasma glucose levels of at least 7.0 mmol/L or OGTT 2hBG (2 h blood glucose) > 11.1 mmol/L were eligible for present study. Patients
with a history of either acute or chronic inflammatory or infectious diseases, chronic liver diseases, chronic kidney diseases,
cardiogenic cerebral embolism and severe heart failure, neoplastic diseases and without serum ferritin data were excluded. Finally, a
total 210 T2DM patients were included in the analysis in which 165 patients were with ischemic stroke while 45 patients without
ischemic stroke which assessed by the magnetic resonance imaging (MRI) brain scans.

The data are anonymous, and the requirement for informed consent was therefore waived. This study was approved by the Ethics
Committee of the Second Affiliated Hospital of Xi’an Jiaotong University (Approval No. 2022200).

2.2. Laboratory parameters

The venous blood was collected in all patients after fasting for at least 6-8 h. Early in the morning of the following day, the venous
blood was collected and placed in anticoagulant centrifuge tube (4 ml) and EDTA anticoagulant tube (2 ml) respectively. The levels of
serum ferritin (SF) were detected using a Cobas 8000 automatic biochemical analyzer, the levels of fasting blood glucose (FBG) and
serum lipids including total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c) were detected using a Beckman AU5800 automatic biochemical analyzer, the levels of hemoglobin A1C (HbA1C)
were detected using a BIO-RAD D-100 glycated hemoglobin analyzer, and the blood cell counts including white blood cells (WBC),
neutrophil counts, lymphocyte counts, monocyte counts, neutrophil ratios, lymphocyte ratios, monocyte ratios were detected using a
Sysmex XN9000 automated hematology analyzer.

2.3. Assessment of covariates

Information of socio-demographic factors (age and gender), lifestyle (smoking and alcohol status), and vascular risk factors were
recorded. Smoking or drinking status was categorized into current, former, and never smoking or drinking groups, both current and
former are considered to have smoking and drinking risk factors. Patients were considered smokers if they smoked on average more
than 10 cigarettes per day for at least 1 year, and patients were considered drinkers if their average daily intake of ethanol was >30 mL
for more than 1 years. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Hypertension
was defined as systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90 mmHg after repeated measurement
or the use of hypotensive drugs. Coronary heart disease (CHD) was defined as a self-reported history of coronary heart disease. The
levels of FBG, HbA1C and serum lipids including TC, TG, HDL-c and LDL-c were collected on the basis of biochemical tests.

In addition, blood cell counts (WBC, neutrophil counts, lymphocyte counts, monocyte counts, neutrophil ratios, lymphocyte ratios,
monocyte ratios), were also collected on the basis of biochemical tests. And the NLR was calculated as neutrophil counts/lymphocyte
counts, LMR was calculated as lymphocyte counts/monocyte counts.

2.4. Statistical analyses
We compared the continuous variables and categorical variables of clinical and biochemical characteristics, and the t-tests or

Mann-Whitney U was used for between-group comparisons of continuous variables and the chi-square tests for categorical variables.
Spearman correlation analyses were used to explore correlations between SF concentrations and the inflammation indices.
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Multivariate logistic regression analyses were used to estimate the odds ratios (ORs) for SF after adjusting for other clinical and
biochemical variables. In addition, subjects were further stratified by BMI (<24.0 or > 24.0 kg/mZ) and the P values for the product
terms between continuous SF levels and the BMI were used to estimate the significance of interactions.

Statistical analyses were performed using the SPSS 19.0 for Windows software package (SPSS, Chicago, IL). P values < 0.05 were
considered statistically significant.

3. Results

Table 1 displayed the results of demographic data, glucose levels and vascular risk factors in all participants. No significant dif-
ferences were observed for the age, gender and BMI between the two groups (all P > 0.05). Compared to the T2DM patients without
ischemic stroke, the T2DM patients with ischemic stroke possessed higher levels of HAb1C but with no statistics difference (P = 0.181).
The traditional risk factors including smoking, drinking, hypertension, CHD, and blood lipid components between the two groups had
no statistical difference (all P > 0.05).

Table 2 showed the results of SF and Inflammation indices from blood cell counts in all participants. T2DM patients with ischemic
stroke tend to have higher levels of SF (P = 0.003). Meanwhile, in general, compared with those without ischemic stroke, most of the
inflammatory indicators showed relatively high levels in those with ischemic stroke except for LMR and the differences of the above
indicators did not reach a significant level (all P > 0.05).

Spearman correlation analyses (Table 3) showed that SF levels was significantly negatively correlated with lymphocyte counts (r =
—0.204, P = 0.009), lymphocyte ratios (r = —0.180, P = 0.020), and LMR (r = —0.197, P = 0.011), while it was significantly positively
correlated with neutrophil ratios (r = 0.178, P = 0.022) among the T2DM population with ischemic stroke.

The multivariate logistic regression analyses (Table 4) revealed that each 1-SD increase in SF (OR: 1.92; 95%CI: 1.22, 3.03) was
significantly associated with increased ischemic stroke risk among T2DM patients. Meanwhile, compared with the lowest tertile of SF,
the multivariable-adjusted ORs (95%ClIs) of ischemic stroke in the highest tertile was 3.65 (1.33, 9.99) for SF. Subgroup analyses
(shown in Fig. 1) indicated that the positive association between SF level and ischemic stroke risk was more pronounced among
subjects with lower levels of BMI (P for interaction = 0.037).

4. Discussion

In our present study, we found the significant positive association between SF and risk of ischemic stroke among individuals with
T2DM. Meanwhile, a significant interaction between SF and BMI on ischemic stroke risk was also observed.

In recent years, many evidences indicate that iron is a risk factor in the development of ischemic stroke [8,16] and in vivo studies
showed that iron-overloaded animals are more affected by permanent middle cerebral artery occlusion [17]. Ferritin is the major form
of stored iron in the brain [18,19], and ferritin-bound ferric iron is released after being reduced to ferrous iron under hypoxic con-
ditions that accompany ischemic stroke, then lead to the disturbances in iron homeostasis [18]. The findings of one prospective study
among postmenopausal women conducted by van der A Daphne L et al. showed that higher serum ferritin concentrations in post-
menopausal women are associated with an increased risk of ischemic stroke [20]. In vivo studies indicated that the level of ferritin was
increased in the cerebral cortex, hippocampus, and corpus striatum in the ischemic brain of the rats [21,22]. Besides, iron disorder with
elevated SF levels was also found in patients with T2DM and the association of elevated SF levels with insulin resistance and impaired

Table 1
Basic characteristics of study population.
T2DM with stroke (n = 165) T2DM without stroke (n = 45) p*

Age (years) 65.54 + 9.27 64.91 + 8.48 0.902
Gender (man, %) 71.5 66.7 0.581
BMI (kg/mz) 24.79 + 2.88 24.86 + 2.93 0.547
Smoking (%) 40 37.8 0.864
Drinking (%) 20.6 22.2 0.837
SBP (mmHg) 141.75 + 22.08 139.47 + 20.01 0.531
DBP (mmHg) 81.77 £ 12.59 81.13 £ 11.30 0.759
Hypertension (yes, %) 80.6 75.6 0.532
CHD (yes, %) 9.1 6.7 0.769
TC (mmol/L) 4.08 +1.22 4.26 +1.13 0.398
TG (mmol/L) 1.67 + 0.88 1.76 £ 1.04 0.564
HDL-c (mmol/L) 1.08 £ 0.25 1.10 £ 0.23 0.694
LDL-c (mmol/L) 2.61 +£0.92 2.75 + 0.88 0.367
FBG (mmol/L) 7.39 £ 2.48 7.58 £ 2.72 0.665
HbA1C (%) 7.53 £1.52 7.20 £1.31 0.181

Abbreviations: BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; CHD: coronary heart disease; TG: triglyceride; TC:
total cholesterol; HDL-c: high density lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; FBG: fasting blood glucose; HbA1C: he-
moglobin A1C.

*: P value were derived from Student’s t-test or Mann-Whitney U test for continuous variables according to the data distribution, and Chi-square test
for the category variables.
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Serum ferritin and inflammation indices levels of study population.
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T2DM with stroke (n = 165) T2DM without stroke (n = 45) p*
SF (ng/ml) 213.89 + 154.10 152.58 + 108.09 0.003
WBC ( x 10%/L) 6.61 + 1.89 6.11 + 1.63 0.111
Neutrophil counts ( x 10°/L) 423+1.71 3.96 +1.35 0.320
Lymphocyte counts ( x 10°/L) 1.77 £ 0.64 1.62 + 0.49 0.148
Monocyte counts ( x 10°/L) 0.46 + 0.31 0.39 £ 0.16 0.117
Neutrophil ratios (%) 62.73 +£10.41 63.81 + 8.10 0.460
Lymphocyte ratios (%) 27.80 + 9.62 27.02 + 6.78 0.536
Monocyte ratios (%) 6.77 + 1.80 6.43 + 2.20 0.345
NLR 2.80 +1.78 2.67 + 1.52 0.661
LMR 4.27 +£1.70 4.61 +1.89 0.248

Abbreviations: SF: serum ferritin, WBC: white blood cell count; NLR:neutrophil counts/lymphocyte counts; LMR:lymphocyte counts/monocyte

counts.

*: P value were derived from Student’s t-test or Mann-Whitney U test for continuous variables according to the data distribution.

Table 3

Spearman correlation between SF levels and the inflammation indices.

Inflammation indices

T2DM without stroke

T2DM with stroke

All participants

WBC ( x 10%/L)

Neutrophil counts ( x 10°/L)
Lymphocyte counts ( x 10°/L)

Monocyte counts ( x 10°/L)
Neutrophil ratios (%)
Lymphocyte ratios (%)

NLR

LMR

r=0.05, P = 0.746

r = 0.005, P = 0.977
r = 0.104, P = 0.495
r=—-0.097, P = 0.527
r = —0.029, P = 0.850
r=0.112, P = 0.464
r=0.120, P = 0.432

r =—0.027, P = 0.858

r = 0.001, P = 0.986
r=0.063, P = 0.419
r = —0.204, P = 0.009
r=0.068, P = 0.383
r=0.178, P = 0.022
r = —0.180, P = 0.020
r=0.135, P = 0.084
r=-0.197, P = 0.011

r=0.021, P = 0.758
r = 0.059, P = 0.393
r=—0.137, P = 0.047
r = 0.053, P = 0.445
r=0.134, P = 0.052
r = —0.130, P = 0.060
r=0.126, P = 0.069
r=-0.172, P = 0.013

Abbreviations: NLR:neutrophil counts/lymphocyte counts; LMR:lymphocyte counts/monocyte counts.

Table 4
Association of serum ferritin with ischemic stroke among individuals with type 2 diabetes.
SF (ng/ml)
OR(95%) for per-SD P Tertile 1 Tertile 2 Tertile 3 P trend*
Model 1 1.76 (1.14, 2.71) 0.01 ref 0.96 (0.42, 1.98) 2.89 (1.15, 7.29) 0.015
Model 2 1.85(1.18, 2.90) 0.007 ref 1.01 (0.45, 2.27) 3.19 (1.22, 8.36) 0.012
Model 3 1.92(1.22, 3.03) 0.007 ref 1.01 (0.44, 2.34) 3.65 (1.33, 9.99) 0.007

Modell:adjusted for age, gender and BMI.

Model2: further adjusted for smoke, drink, hypertension, CHD, TC, TG, HDL, LDL, and FBG.

Model3: further adjusted for lymphocyte counts, neutrophil ratios, lymphocyte ratios and LMR.

*: P trend when assigning the median value to each quartile and entered as a continuous variable in the models.

glucose metabolism

No. of T2DM with stroke OR(95%CI) P for interaction
BMI (kg/m2) 0.037

BMI<24 106
BMI>=24 59

1.91(1.07,3.40) | ———
2.24(0.89,5.61) —

1 T 1 T 1

0123456
Odds Ratios(95%Cl)

Fig. 1. Adjusted odds ratio for stroke risk according to SF in the subgroup of different levels of BMI.

was reported in previous studies [10,23]. However, the evidence of the relationship between SF and ischemic

stroke among individuals with T2DM were very limited. In current study, we not only found that SF level in T2DM patients with stroke
was significantly higher than that in diabetes patients without stroke, but also found a significant positive association between SF level

and ischemic stroke

in T2DM patients after adjusting for potential confounders which suggested that SF may be an independent risk

factor for ischemic stroke in T2DM patients. The mechanism underlying the positive association between SF and stroke risk among
T2DM patients is still largely undefined, one explanation for this phenomenon is that iron overload can cause damage by formatting of
reactive oxygen species which further promote the development of stroke [6,8]. However, considering that this study is a
cross-sectional study, and recent study suggests that SF arises from damaged cell [24], the exact relationship and mechanisms of the SF
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and the occurrence and development of stroke among T2DM patients remained to be explored in further cohort study. Numerous
studies showed that neutrophils, lymphocytes, monocytes, neutrophil to lymphocyte ratio, and lymphocyte to monocyte ratio are
potential novel biomarkers of baseline inflammatory process and could serve as outstanding predictors in patients with ischemic stroke
[25-27]. In this study, we found that SF level was significantly negatively correlated with lymphocyte count, lymphocyte ratio and
lymphocyte monocyte ratio, while it was significantly positively correlated with neutrophil ratio. This suggests, to some extent, the
potential relationship between SF and the body’s inflammatory response and state, and there are indeed studies that have found and
emphasized that the level of serum ferritin will increase significantly in the reaction of inflammation and/or various diseases [24].
However, we noted no attenuation of our estimates when we adjusted for above biomarkers of inflammatory process, which remind us
that it is necessary and urgent to further explore the exact mechanism of increased stroke risk caused by elevated SF levels among
T2DM patients.

Additionally, subgroup analyses indicated that the positive association between SF levels and stroke risk was more pronounced
among subjects with lower levels of BMIL. We could not explain the definite reasons for the potential antagonistic effect between higher
levels of BMI and plasma iron shown by the interaction analysis. One possible explanation is the positive association between BMI and
the risk of stroke masked the role of SF in increasing the risk of stroke. Additionally, many studies and reviews have indicated that the
serum iron level of adults with higher BMI (especially adult women) is lower [28,29] which may explain the antagonistic interaction
between BMI and SF levels in our study. More studies are needed to further illustrate this finding.

There were some limitations to our study. Firstly, this is a cross-sectional study and the sample size is small, thus the reverse
causation is an inherent limitation. Secondly, the duration of T2DM, family history of T2DM, medical treatment, and other con-
founding variables cannot be included completely. So, we were unable to adjust for all relevant confounding variables. Thirdly, this
study was conducted in one institution and, consequently, the findings cannot be generalized to all Chinese regions. Therefore, it is
meaningful for us to establish a muti-center cohort in the coming research.

5. Conclusion

In conclusion, we reported here that SF was independently associated with ischemic stroke risk among individuals with T2DM.
Further prospective investigations with larger sample size are required to verify the results observed in current study. And in vivo and
in vitro studies are needed to explore the underlying mechanisms exact mechanism of increased stroke risk caused by elevated SF levels
among T2DM patients.
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