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Abstract

Aim: To investigate the impact of inflammation on iron metabolism, cardiovascular risk
and renal function in type 2 diabetes (T2D).

Methods: A total of 50 patients with T2D were included in this study. The patients were
stratified into two groups based on their levels of C-reactive protein (CRP), namely nor-
mal and high levels (n = 25/group). All laboratory tests were measured using standard-
ised methods.

Results: Fasting plasma glucose levels were elevated in patients with high CRP when
compared to those with normal levels (p = 0.0413). Total serum iron levels were lower
in patients with high CRP levels (12.78 + 3.50) when compared to those with normal
levels (15.26 + 4.64), p = 0.0381. However, ferritin and transferrin levels were com-
parable between the groups (p > 0.05). The mean cell volume (MCV) in the high CRP
group was lower (87.66 + 3.62) than the normal level group (90.79 + 4.52), p = 0.0096,
whilst the lipograms were similar (p > 0.05). The estimated glomerular filtration rate
(eGFR) was lower in the high CRP group (98.06 + 11.64) than the normal level group
(104.7 + 11.11), p = 0.046. Notably, CRP levels were negatively associated with serum
iron levels (r = -0.38, p = 0.0061), MCV (r = -0.41, p = 0.0031), potassium (r = -0.37,
p =0.0086) and sodium levels (r = -0.28, p =0.0471). Regression analyses showed that
only CRP (8 = -0.16, standard error [SE]: 0.06, p = 0.0125) and sodium (8 = 0.51, SE:
0.25, p = 0.0434) levels contributed significantly to the prediction of serum iron levels.
Conclusion: Underlying inflammation in T2D is associated with increased incidence
of hypertension and reduced levels of serum iron, MCV and renal function. Although
there was no apparent clinical anaemia or renal dysfunction in these patients, mitigat-
ing inflammation may be effective in circumventing the ultimate development of iron

deficiency anaemia and chronic kidney disease in T2D.
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1 | INTRODUCTION

Type 2 diabetes (T2D) is amongst the leading non-communicable
diseases that are currently causing the most significant burden on the
healthcare sector worldwide [1]. The recent International Diabetes
Federation report estimated the global prevalence of T2D to be at
9.3% [2], with approximately two-thirds of the cases being from low-
to middle-income countries. This high incidence of diabetes is ascribed
to increased sedentary lifestyles and the eating of unhealthy diets,
which both promote obesity and insulin resistance [3]. Notably, poor
dietary choices are associated with iron deficiency, dyslipidaemia and
cardiovascular disease (CVD) [4,5].

T2D is a chronic inflammatory disorder that is linked with altered
iron metabolism, with the iron stores strongly associated with glu-
cose control [6,7]. However, the exact pathological mechanisms that
could explain altered iron metabolism in T2D remain elusive and
are poorly understood. Nonetheless, obesity, a major risk factor
for T2D and the use of glucose-lowering drugs such as metformin
have been implicated in dysmetabolic iron syndromes [8,9]. In fact,
anaemia caused by both iron deficiency and iron overload has been
reported in patients living with T2D [10,11]. A reciprocal relationship
between low-grade inflammation, obesity and iron disorders exists
[12]. Low-grade inflammation modulates the synthesis and action of
hepcidin and erythropoietin, which both regulate iron metabolism
denoted by the serum iron profiles [13]. For instance, aberrant levels
of total serum iron, iron stores and transferrin, an iron transporter
protein modulated by these regulators have been described in patients
with T2D [14-16]. This alteration in iron metabolism usually leads
to anaemia, a symptom that is closely associated with dyslipidaemia
[17,18], one of the major hallmarks of T2D and CVD [19,20]. Although
the exact inferences on the relationship between iron metabolism
and poor glucose control are controversial and influenced by various
factors, it is evident that they are closely connected and need further
exploration.

Type 2 diabetes is an independent risk factor for chronic kidney
disease [21]. In fact, over 40% of patients with T2D develop diabetic
nephropathy (DN), a condition that is characterised by proteinuria
or reduced renal function in their lifetime [22]. The high incidence
of DN in T2D has resulted in excessive mortality in these patients
despite intensive therapies that alleviate its risk factors such as hyper-
glycaemia, hypercholesterolemia and hypertension [23]. Notably, a
recent body of evidence has suggested the involvement of inflam-
mation in the pathogenesis of DN and has sparked interest in the
exploration of anti-inflammatory drugs as a therapeutic strategy in
preventing the manifestation of DN in these patients [24-26]. We,
therefore, questioned whether the degree of inflammation can be
used to stratify DN risk in patients with T2D. Thus, this study first
aimed to investigate the effect of inflammation on iron profiles and
their associated haematological indices in patients with T2D. Second,
we intended to assess the cardiovascular risk and renal function in
T2D as well as determining any associations between inflammatory
indices, renal function tests, iron and lipid profiles in patients with
T2D.

2 | MATERIALS AND METHODS

2.1 | Study population

This cross-sectional study involved a cohort of outpatients with
clinically known cases of T2D from Khomas urban areas that visited
the Katutura Community Health Centre, Windhoek, Namibia between
September and December 2020. Informed consent was sought from
all participants and the research was conducted in accordance with the
Declaration of Helsinki (2008) of the World Medical Association. The
study was approved by the Namibia University of Science and Tech-
nology Research Ethics committee (FHAS 1/2020) and the Namibia
Ministry of Health and Social Services (17/3/3 MN). A total of 115
adult patients self-reported as Black were enrolled, and only 50 were
included in this study after the minimum sample size calculation. The
included cases of T2D were clinically diagnosed using the American
Diabetes Association guidelines [27]. All patients underwent a general
physical examination prior to enrolling in the study. We excluded
patients with active or recent infections, pregnant patients and those
under the age of 18 years. We used serum c-reactive protein (CRP)
levels to stratify the included patients into two groups based on their
inflammatory state. The normal CRP group consisted of patients with
CRP levels of 1-<10 mg/L, and a high CRP group with CRP levels

of >10 mg/L, which was indicative of an underlying inflammation.

2.2 | Laboratory measurements

Blood samples for analysis were collected by a trained nurse into
EDTA and SST vacutainers tubes for analysis at an ISO 15189 of 2012
accredited laboratory (Namibia Institute of Pathology, Windhoek,
Namibia). In order to determine glycaemic control in the included
patients, we measured the levels of fasting plasma glucose (FPG) and
glycated haemoglobin using the Cobas c501 analyser (Roche, Basel,
Switzerland) as per the manufacturer’s instructions. The levels of CRP
and the erythrocyte sedimentation rate (ESR) were evaluated using
the Alinity c analyser (Abbot, Illinois, USA) and Test 1 THL Alifax S.p.A
(Alifax, Udine, Italy), respectively, to determine patients’ inflammatory
state and their subsequent stratification. To investigate the effect of
underlying inflammation on iron metabolism in T2D, we measured the
iron profiles (serum iron, transferrin and ferritin) using the Alinity c
analyser (Abbot). In addition, we evaluated the red cell indices that
are dependent on iron metabolism by performing complete blood cell
counts using a Sysmex 1000 XN automated haematology analyser
(Sysmex Corporation, Kobe, Japan). As part of the blood cell count,
we also assessed white cell and platelet count and determined the
levels of total protein, globulins and albumin, a negative acute-phase
protein [28] as surrogate markers of inflammation using the Alinity
c analyser (Abbot). To assess the impact of inflammation on renal
function, we measured the levels of potassium, sodium, urea and
creatine using the Anility c analyser (Abbot) and further calculated the
estimated glomerular filtration rate (eGFR) using the modification of
diet in renal disease study’s equation (MDRD) [29]. Finally, to stratify
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the cardiovascular risk in the included patients, we performed lipid
measurements (cholesterol levels and triglycerides) using the Alinity c
analyser (Abbot).

2.3 | Statistical methods and data analysis

The sample size was calculated using G*Power software (Version
3.1.9.2) based on the effect size of the primary ouctome reported in
a previous study [30]. The following assumptions were used in deter-
mining the minimum number of required participants: a medium effect
size (d) = 0.898071, a,r prob = 0.05, power (1-Be. prob) =0.80 and an
allocation ratio of 1:1. The D’Agostino & Pearson test was performed
for normality testing. A chi-square test was used to test for relation-
ships between categorical variables. Data were reported as mean + SD
or median and interquartile range depending on the data distribution.
For parametric data, the unpaired two-tailed student’s t-test was used
and in cases of unequal variance, a Welch'’s correction was performed.
The Mann-Whitney U test was used to compare non-parametric data.
Bivariate correlations were performed using the Spearman coefficient
and the multivariant regression analysis was conducted to explain the
relationship between total serum iron, CRP and FPG, eGFR, potas-
sium and sodium levels. A p-value < 0.05 represented statistical sig-
nificance. All statistical analysis was performed using GraphPad Prism
8 version 8.0.2 Software (GraphPad Software Inc, San Diego, CA,
USA).

3 | RESULTS

A total of 50 adult patients with T2D were included in this study, 25
with normal and 25 with high CRP levels. The demographic and clinical
characteristics of the included participants are shown in Table 1. The
groups had a similar age distribution and the patients were from a
similar socio-economic and ethnic background as they were recruited
from the same community. All included patients were Blacks (Africans)
and had a mean age of 50.16 + 12.72 years and a male to female ratio
of 0.43.

3.1 | Clinical parameters and glucose parameters
There were no significant differences in the body mass index, systolic
blood pressure, diastolic blood pressure and disease duration between
the two groups (p > 0.05) (Table 1). Hypertension was more prevalent
in patients with underlying inflammation (OR = 1.64, 95% Cl: [0.53,
5.09]). Whereas the levels of glycated haemoglobin were comparable
between the two groups (p > 0.05), while FPG levels were higher in
T2D with underlying inflammation (11.12 + 3.95) when compared to
patients with T2D with normal CRP levels (8.86 + 3.68), p = 0.0413
(Table 1). A total of 70% of the included patients were on metformin
treatment, whilst 8% were on insulin and 22% were on a combination
of metformin and insulin (Table 1).

3.2 | Inflammatory profiles

The levels of CRP were used as a dependent factor to stratify
the patients based on their inflammatory status. Similarly, the ESR
(p =0.0114), total protein (p = 0.0160) and globulin levels (p = 0.0003)
were elevated in the patients with T2D and high CRP levels when com-
pared to those with normal CRP levels (Table 1). However, there were
no significant differences in the white cell, and platelet counts and
albumin, the negative acute-phase reactant between the two groups
(p>0.05) (Table 1).

3.3 | Lipid profile levels

Dyslipidaemia is closely associated with increased cardiovascular
risk in patients with T2D [31]. Therefore, we measured lipograms
in patients with T2D. The levels of triglycerides, total cholesterol
(Tc), low-density lipoprotein (LDL)-c, high-density lipoprotein (HDL)-c
and HDL/cholesterol ratio were comparable between the two groups
(p>0.05) (Table 1).

3.4 | Iron profile levels and red blood cell indices

In order to assess the impact of inflammation on iron metabolism,
we measured iron profiles in patients with T2D. Patients with T2D
and high CRP levels had lower levels of total serum iron (12.78 +
3.50) in comparison to patients with normal CRP levels (15.26 + 4.64),
(p =0.0381; Figure 1A). However, there were no differences in the lev-
els of ferritin and transferrin between the two groups (p > 0.05; Fig-
ure 1B-C, Table 2).

We further measured haematological indices that are closely asso-
ciated with iron metabolism. Although the red blood cell count
and haemoglobin levels were comparable between the two groups
(p > 0.05) (Figure 1D-E), the red cell mean volume (MCV) in patients
with T2D and high CRP levels was lower (87.66 + 3.62) than in patients
with normal CRP levels (90.79 + 4.52), (p = 0.0096; Figure 1F). All
other red blood cell indices were comparable between the two groups
(b > 0.05; Table 2).

3.5 | Renal function tests

DN is one of the most prevalent T2D-associated complications,
that promotes the pathogenesis of chronic kidney disease [32,33].
Therefore, we assessed kidney function tests in the included patients
and further assessed whether the renal impairment is exacerbated
by underlining inflammation. Notably, patients with T2D and high
CRP levels showed reduced levels of potassium (p = 0.0042), sodium
(p = 0.0017) and eGFR MDRD (p = 0.0461) when compared to those
with normal CRP levels (Table 3). Despite these differences, the levels

were within the normal range. The levels of creatinine (p = 0.1066) and
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TABLE 1 Clinical characteristics and laboratory profiles of included patients (n = 50)
T2D with normal T2D with high
Parameter CRP (n = 25) CRP (n = 25) p-value
Clinical characteristics
Age (years) 50.64 + 13.63 49.68 +12.01 0.7927
Male, n (%) 7(28) 8(32) 0.7576
Body mass index (kg/m?) 28.13+4.94 30.43+5.62 0.1394
Systolic blood pressure 137.5+21.83 137.4+20.18 0.9833
(mm/Hg)
Diastolic blood pressure 84.13+11.38 86.39 + 13.00 0.5334
(mm/Hg)
Hypertension, n (%) 13(52) 16 (64) 0.3900
Duration of T2D (years) 5.00 (2.00-12.00) 4.00(1.00-13.00) 0.9807
Metformin, n (%) 18(72) 17 (68) 0.7576
Insulin, n (%) 0 4(16) 0.0371
Metformin and insulin, n (%) 7 (28) 4(16) 0.3050
Glucose profiles
Glycated haemoglobin (%) 8.500 (6.20 - 9.90) 8.700(7.20 - 9.40) 0.6125
Fasting plasma glucose 8.86 + 3.68 11.12 + 3.95 0.0413
(mmol/L)
Inflammatory profiles
C-reactive protein (mg/L) 3.87+2.56 17.06 +7.88 <0.0001
ESR (mm/h) 22.60 +19.45 4457 +32.13 0.0114
White cell count (107/L) 6.77 + 1.49 7.11+1.99 0.4922
Platelet count (107/L) 309.2+81.06 327.9+87.21 0.4357
Albumin (g/L) 42.93+331 41.84+2.98 0.2282
Total protein (g/L) 78.80+5.07 82.38+5.06 0.0160
Globulin (g/L) 36.45 +3.86 40.65 +3.79 0.0003
Albumin/globulin ratio 1.19+0.18 1.04 +0.13 0.0013
Lipid profiles
Triglycerides (mmol/L) 1.67 +0.68 1.62 +0.69 0.8042
Total cholesterol (mmol/L) 491+ 1.13 459+0.77 0.2481
LDL-cholesterol (mmol/L) 3.10+1.04 2.80+0.87 0.2617
HDL-cholesterol (mmol/L) 1.02+0.27 1.06 +0.32 0.6419
HDL-cholesterol ratio 0.22+0.06 0.23+0.07 0.5313

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; T2D, type 2 dia-

betes.

Results expressed as mean + standard deviation and median interquartile range.

urea (p = 0.1844) were comparable between the two groups (p > 0.05;
Table 2).

3.6 | Correlation and regression analysis of glucose
levels, CRP and iron profiles

To determine whether there are any associations between glucose,
inflammation, iron profiles and renal function in patients with T2D, we
performed a multivariate correlation analysis. Notably, the CRP levels

were negatively associated with total serum iron levels (r = -0.38,
p = 0.0061), MCV (r = -0.41, p = 0.0031), potassium (r = -0.37,
p = 0.0086) and sodium (r = -0.28, p = 0.0471). As expected, the

levels of CRP also correlated with other inflammatory profiles, namely
ESR (r = 0.54, p < 0.0001), globulin (r = 0.45, p = 0.0010) and A/G
ratio (r = -0.47, p = 0.0006). However, there were no correlations
between FPG and iron profiles or renal function (p > 0.05). We further
assessed the significant predictors of iron levels, CRP, FPG and eGFR
in patients with T2D using multivariate regression analyses. Notably,
CRP (3 =-0.16, SE: 0.06, p = 0.0125) and sodium levels (8 = 0.51, SE:
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FIGURE 1 A comparison of iron profiles between patients with normal and high c-reactive protein levels. The levels of serum iron (A) and red
cell mean volume (F) were significantly lower in patients with underlying inflammation when compared to those without. However, comparable
levels of ferritin (B) and transferrin (C) as well as red cell count (D) and haemoglobin (E) were observed between the two groups. All results were

expressed as mean + standard deviation

0.25, p = 0.0434) significantly influenced total iron levels whilst eGFR
levels could not be predicted by CRP, total iron levels, FPG or sodium
levels (p > 0.05; Table 3).

4 | DISCUSSION

This study aimed at investigating the impact of inflammation on iron
metabolism, renal function, and cardiovascular risk in patients with
T2D. Our results showed reduced total serum iron levels and red
cell mean volume in patients with underlying levels of inflammation.

Notably, treatment with metformin, insulin, or a combination of both

was associated with failure to normalise glucose levels in all patients
and the hyperglycaemia observed was more pronounced in patients
with T2D and high CRP levels. Moreover, all included patients had high
blood pressure and the prevalence of overt cases of hypertension were
marked in T2D with high CRP levels. Thus, these findings highlight the
impact of inflammation in impairing glucose control and increasing
cardiovascular risk. In the context of the latter, our findings did not
show any cardio-protective effects of metformin, a first-line oral
anti-hyperglycaemic drug. Although a negative association between
iron levels and lipid profiles (triglycerides, Tc and LDL-c) has been
previously described [34], the current study found no associations

between these parameters. Finally, the levels of sodium, potassium and
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Parameter
Iron profiles

Serum iron (zmol/L)
Ferritin (ng/mL)

Transferrin (g/L)

Red cell indices

Red cell count (1012/L)
Haemoglobin (g/dl)
Haematocrit (%)

Mean cell volume (fL)
MCH (pg)

MCHC (g/dL)

Red cells distribution width (%)

Kidney function tests
Potassium (mmol/L)
Sodium (mmol/L)
Urea (mmol/L)

Creatinine (umol/L)

NDEVAHOMA ET AL.
TABLE 2 Iron profiles and its associated indices in patients with type 2 diabetes (T2D; n = 50)

T2D with normal T2D with high CRP

CRP (n = 25) (n=25) p-value

15.26 +4.64 12.78 + 3.50

180.9 + 102.1 175.3+ 1134 0.03810.8559

2.59+0.35 2.76 +0.44 0.1502
4.82+0.53 4.85+0.48 0.8332

14.28 + 1.19 14.08 + 1.37 0.5841

4274 +£5.17 4248 +4.19 0.8482

90.79 + 4.52 87.66 + 3.62 0.0096
29.32+1.49 28.64+1.44 0.1057

32.90 + 1.08 32.94+0.91 0.8878
13.33+1.12 13.40+0.86 0.8108
4.64+0.37 4.36+0.28 0.0042

137.4 +2.57 1354+ 1.49 0.0017
403+1.10 451+1.42 0.1844

81.16 +17.32 74.53 +10.17 0.1066

104.7 + 11.11 98.06 +11.64 0.0461

eGFR MDRD (ml/min/1.73 m3)

Abbreviations: CRP, C-reactive protein; eGFR MDRD, estimated Glomerular Filtration Rate based on Modification of Diet in Renal Disease Study’s equation;
MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration; T2D, type 2 diabetes.

TABLE 3 Multivariate linear regression analysis of predictors of serum total iron, estimated glomerular filtration rate and c-reactive protein

levels in type 2 diabetes

Total iron levels
Variable

C-reactive protein
Fasting plasma glucose

Sodium

Estimated glomerular filtration rate

Variable

C-reactive protein
Total iron levels
Fasting plasma glucose
Sodium

C-reactive protein
Variable

Total iron levels
Fasting plasma glucose

Potassium

Beta
-0.16
0.23
0.51

Beta
-0.34
-0.69
-0.34
1.02

Beta
-0.74
0.23
-5.64

eGFR were lower in T2D with high CRP levels, and this is indicative of

impaired renal function. Notably, this dysfunction was only dependant

on the degree of inflammation and independent of glucose control or

iron metabolism.

Standard error
0.06
0.14
0.25

Standard error
0.20
0.44
0.43
0.77

Standard error
0.28
0.30
3.42

p-value
0.0125
0.1052
0.0434

p-value
0.1003
0.1265
0.4367
0.1944

p-value
0.0115
0.4432
0.1066

Low-grade inflammation in T2D modulates the synthesis of hep-
cidin, one of the important regulators of iron metabolism. Hepcidin
maintains iron homeostasis through the inhibition of iron absorp-
tion and release from the intestines and macrophages as well as its
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subsequent transportation to the bone marrow for erythropoiesis
[35]. The synthesis of iron is dependent on the inflammatory status
and the oxygen-carrying capacity in the body [12,36]. In that context,
the increased release of interleukin (IL)-6 during inflammation induces
the activation of the Janus kinase (JAK)/signal transducer and acti-
vator of transcription 3(STAT3) proteins signalling which activates
the transcription of the HAMP gene [37]. Whereas, an increase in
body iron stores activate the bone morphogenetic protein/s-mothers
against the decapentaplegic transduction pathway which induces
the downstream activation of HAMP gene and the translation of
hepcidin thereof [38]. The synthesis and action of hepcidin is also
modulated by erythropoietin, a hormone that is released by the kidney
in anaemic hypoxia to initiate red cell synthesis [13,39]. The dysreg-
ulation of these important hormones alters iron metabolism leading
to the manifestation of anaemia in T2D [13]. Although the patients
included in this cohort were not anaemic, the reduced levels of total
serum iron levels and MCV suggest the early onset of microcytic iron
deficiency anaemia in patients with T2D coupled with underlying
inflammation. Therefore, alleviating inflammation in T2D could aid in
improving iron metabolism in patients with a significant underlying
inflammation since CRP and ESR levels were negatively associated
with decreased total serum iron and MCV. Apart from the aberrant
expression of iron regulator proteins, the reduction in total serum
iron levels may be due to the side effects of metformin treatment
since it is widely accepted to cause vitamin B12 malabsorption
and its subsequent deficiency in circulation, resulting in impaired
erythropoiesis [40].

It is widely acknowledged that obesity alters glucose metabolism
and predisposes patients with T2D to develop CVD [41]. In fact,
about a third of patients with T2D have CVD [42]. Notably in our
study, patients with T2D and high CRP levels were associated with
class | obesity and poor glucose control as denoted by a body mass
index > 30 kg/m2and elevated FPG levels, respectively. These find-
ings further highlight the effect of inflammation in aggravating poor
glucose control in T2D via the activation of various pathways and the
impairment of insulin signalling as previously reviewed [43]. This asso-
ciation has been ascribed to exacerbated inflammation and altered
lipid metabolism which causes atherosclerosis and hypertension [44].
Although the blood pressure was comparable between the two groups,
it is evident that hypertension was more prevalent in patients with
T2D and high CRP levels. Thus, further highlighting the impact of
obesity-associated inflammation on cardiovascular risk. Therefore, the
use of anti-inflammatory drugs such as low-dose aspirin in patients
with T2D is important in reducing cardiovascular risk in these patients
as previously described [45].

In addition to other factors associated with poor glucose control
and obesity, dyslipidaemia promotes the initiation of atherosclero-
sis and arterial thrombosis, which are both major risk factors for the
pathogenesis of CVD in patients with T2D [46]. Although triglycerides
and cholesterol levels were comparable between the groups, elevated
triglycerides, Tc, and LDL-c coupled with reduced HDL-c levels in
patients with T2D are associated with increased cardiovascular risk

[47]. Therefore, cholesterol-lowering drugs such as statins are recom-

mended for the primary prevention of CVD in patients with T2D [48].

DN is closely associated with systemic inflammation mediated
by exacerbated activation of the JAK/STAT signalling pathway, the
transcription factor nuclear factor-kB, and inflammatory cytokines
[24,49,50]. The resulting pro-inflammatory milieu promotes the
migration and infiltration of immune cells, particularly macrophages,
into renal tissue [49]. Once activated, macrophages release pro-
inflammatory cytokines such as IL-1, tumour necrosis factor- a and
IL-6 which overall induces renal hypertrophy [25]. In addition, IL-6
alters the permeability of the glomerular endothelium and thickens
the glomerular basement membrane, resulting in reduced GFR [25,50].
Interestingly, IL-6 stimulates the release of CRP, hence both are
used as well-established inflammatory biomarkers. Notably, it was
evident that patients with high levels of CRP had lower eGFR and
imbalanced electrolyte levels, thus highlighting the negative impact of
inflammation on renal function. Although the renal function influences
iron regulation by secreting erythropoietin, we did not find any asso-
ciation between its function and iron profiles. In all, the current study
had limitations, as we did not assess the levels of regulators of iron
metabolism such as hepcidin and erythropoietin. However, elevated
levels of hepcidin and reduced erythropoietin levels, the hallmark
of inflammation-induced iron deficiency anaemia, were reported in
patients with T2D [11,51,52].

5 | CONCLUSION

Iron metabolism is significantly influenced by the inflammatory sta-
tus in patients with T2D. As such, reduced total serum iron levels and
MCV are features of underlying inflammation in T2D. Moreover, the
presence of underlying inflammation in these patients is closely asso-
ciated with an increased incidence of hypertension and reduced renal
function. Therefore, the amelioration of inflammation in patients with
T2D may be an effective intervention to lower cardiovascular risk and
circumvent the ultimate development of iron deficiency anaemia and
chronic kidney disease in these patients.

ACKNOWLEDGEMENTS

We would like to thank Sr Helen Natanael and the clinical staff at
Katutura Health Care Centre for their valuable support. The current
study is partially funded by the National Research Foundation (NRF)
of South Africa (Grant Number: 107519 to Bongani B. Nkambule).
Bongani B. Nkambule is also a University of KwaZulu-Natal (UKZN)
Developing Research Innovation, Localisation and Leadership in South
Africa (DRILL) fellow. DRILL is an NIH D43 grant (D43TW010131)
awarded to UKZN in 2015 to support a research training and induc-
tion programme for early-career academics. Phiwayinkosi V. Dludla
was partially supported as a Post-Doctoral fellow by funding from the
Research Capacity Division of the South African Medical Research
Council (SAMRC) through its division of Research Capacity Develop-
ment under the Inta-Mural Postdoctoral Fellowship Programme from
funding received from the South African Treasury. The content hereof

is the sole responsibility of the authors and do not necessarily present



NDEVAHOMAET AL.

* | WILEY

the official views of SAMRC or the funders. Tawanda M. Nyambuya
is partially funded by the Namibia University of Science and Technol-
ogy (NUST) through the Institutional Research Publication Commit-
tee (IRPC: Grant number MG/2017). Fransina Ndevahoma is a receiver
of the NUST postgraduate research fund through the Department of
Health Sciences.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Fransina Ndevahoma, Bongani B. Nkambule and Tawanda M. Nyam-
buya conceptualized, designed the study and drafted the manuscript.
Fransina Ndevahoma, Bongani B. Nkambule and Tawanda M. Nyam-
buya performed formal analysis, methodology and validation as well
as visualization. All authors including Phiwayinkosi V. Dludla, Mun-
yaradzi Mukesi and Kandiwapa N. Natanael wrote, reviewed, edited

and approved the final manuscript.

FUNDING INFORMATION
Namibia University of Science and Technology (NUST), Grant Number:
MG/2017; NUST Postgraduate Research Fund.

REFERENCES

1. World Health Orgnisation. Global report on diabetes. Geneva,
CH:  WHO; 2016. https://www.who.int/publications/i/item/
9789241565257

2. International Diabetes Ferderation. IDF diabetes atlas. 9th ed. Brus-
sels, BE: International Diabetes Federation; 2019. https://www.
diabetesatlas.org/en/resources/.

3. Li H, Oldenburg B, Chamberlain C, O’'Neil A, Xue B, Jolley D, et al.
Diabetes prevalence and determinants in adults in China mainland
from 2000 to 2010: a systematic review. Diabetes Res Clin Pract.
2012;98(2):226-35.

4. Van Der Wal HH, Beverborg NG, Dickstein K, Anker SD, Lang CC, Ng
LL, et al. Iron deficiency in worsening heart failure is associated with
reduced estimated protein intake, fluid retention, inflammation, and
antiplatelet use. Eur Heart J. 2019;40(44):3616-25.

5. Tahir A, Martinez PJ, Ahmad F, Fisher-Hoch SP, Gay JL, Mirza S, et al.
An evaluation of lipid profile and pro-inflammatory cytokines as deter-
minants of cardiovascular disease in those with diabetes: a study on a
Mexican American cohort. Sci Rep. 2021;11(1):1-12.

6. Yul, Yan J, Zhang Q, Lin H, Zhu L, Liu Q, et al. Association between
serum ferritin and blood lipids: influence of diabetes and hs-CRP levels.
J Diabetes Res. 2020;4138696:1-12.

7. Chrobak C, Sidler JA, O’'Meara A, Schadelin S, Hug BL. Iron homeosta-
sis in inflammation: a single centre prospective observational study in
medical inpatients. Swiss Med WKkly. 2017;147.

8. Wu W, Yuan J, Shen Y, Yu Y, Chen X, Zhang L, et al. Iron overload
is related to elevated blood glucose levels in obese children induced
and aggravates high glucose-endothelial cell dysfunction in vitro. BMJ
Open Diabetes Res Care. 2020;8(1):1-11.

9. Fernandez-Real J, Lopez-Bermejo A, Ricart W. Perspectives in dia-
betes Cross-talk betwen iron metabolism and diabetes. Diabetes
2002;51(21):2348-54.

10. Aregbesola A, Voutilainen S, Virtanen JK, Mursu J, Tuomainen TP.
Body iron stores and the risk of type 2 diabetes in middle-aged men.
Eur J Endocrinol. 2013;169(2):247-53.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Jiang F, Sun ZZ, Tang YT, Xu C, Jiao XY. Hepcidin expression and iron
parameters change in type 2 diabetic patients. Diabetes Res Clin Pract.
2011;93(1):43-8.

Vela D, Sopi RB, Mladenov M. Low hepcidin in diabetes mellitus: exam-
ining the molecular links and their clinical implications. Can J Diabetes.
2017;42(2):179-87.

Pagani A, Nai A, Silvestri L, Camaschella C. Hepcidin and anemia: a tight
relationship. Front Physiol. 2019;10:1-7.

Miller JL, Tanno T. Iron loading and overloading due to ineffective ery-
thropoiesis. Adv Hematol. 2010;2010:358283.

Sudrez-Ortegén MF, Moreno M, Arbeldez A, Xifra G, Mosquera M,
Moreno-Navarrete JM, et al. Circulating hepcidin in type 2 diabetes: a
multivariate analysis and double blind evaluation of metformin effects.
Mol Nutr Food Res. 2015;59(12):2460-70.

Altamura S, Kopf S, Schmidt J, Miidder K, da Silva AR, Nawroth P, et al.
Uncoupled iron homeostasis in type 2 diabetes mellitus. J Mol Med.
2017;95(12):1387-98.

Shirvani M, Sadeghi MV, Hosseini SR, Bijani A, Ghadimi R. Does Serum
lipid profile differ in anemia and non-anemic older subjects? Casp J
Intern Med. 2017;8(4):305-10.

Zhu 'Y, He B, Xiao Y, Chen Y. Iron metabolism and its association with
dyslipidemia risk in children and adolescents: a cross-sectional study.
Lipids Health Dis. 2019;18(1):1-8.

Battisti WP, Palmisano J, Keane WF. Dyslipidemia in patients with type
2 diabetes. Relationships between lipids, kidney disease and cardio-
vascular disease. Clin Chem Lab Med. 2003;41(9):1174-81.
Martin-Timén I. Type 2 diabetes and cardiovascular disease: have all
risk factors the same strength? World J Diabetes. 2014;5(4):444.
Ghoshal S, Allred ND, Freedman Bl. The contribution of kidney disease
to cognitive impairment in patients with type 2 diabetes. Curr Diab
Rep. 2020;20(10):49.

Bailey RA, Wang Y, Zhu V, Rupnow MF. Chronic kidney disease in US
adults with type 2 diabetes: an updated national estimate of preva-
lence based on kidney disease: improving global outcomes (KDIGO)
staging. BMC Res Notes. 2014;7(1):1-7.

Chen Y, Lee K, Ni Z, He JC. Diabetic kidney disease: challenges,
advances, and opportunities. Kidney Dis. 2020;6(4):215-25.

Matoba K, Takeda Y, Nagai Y, Kawanami D, Utsunomiya K, Nishimura
R. Unraveling the role of inflammation in the pathogenesis of diabetic
kidney disease. Int J Mol Sci. 2019;20(14).

Pérez-Morales RE, Del Pino MD, Valdivielso JM, Ortiz A, Mora-
Fernandez C, Navarro-Gonzalez JF. Inflammation in diabetic kidney
disease. Nephron. 2019;143(1):12-6.

Moreno JA, Gomez-Guerrero C, Mas S, Sanz AB, Lorenzo O, Ruiz-
Ortega M, et al. Targeting inflammation in diabetic nephropathy: a tale
of hope. Expert Opin Investig Drugs. 2018;27(11):917-30.

American Diabetes Association. Classification and diagnosis of dia-
betes: standards of medical care in diabetes-2020. Diabetes Care.
2020;43:514-31. https://care.diabetesjournals.org/content/43/
Supplement_1/514.

Ahmed MS, Jadhav AB, Hassan A, Meng QH. Acute phase reac-
tants as novel predictors of cardiovascular disease. ISRN Inflamm.
2012;2012:1-18. https://www.hindawi.com/journals/isrn/2012/
953461/.

Stevens LA, Coresh J, Feldman HI, Greene T, Lash JP, Nelson RG, et al.
Evaluation of the modification of diet in renal disease study equa-
tion in a large diverse population. J Am Soc Nephrol. 2007;18(10):
2749-57.

Praveen M, Jain N, Raizada N, Sharma S, Narang S, Madhu S V.
Anaemia in patients with type 2 diabetes mellitus without nephropa-
thy is related to iron deficiency. Diabetes Metab Syndr Clin Res Rev.
2020;14(6):1837-40.

. Mooradian A. Dyslipidemia in type 2 diabetes. Can Med Assoc J.

2011;0(0):30-1.


https://www.who.int/publications/i/item/9789241565257
https://www.who.int/publications/i/item/9789241565257
https://www.diabetesatlas.org/en/resources/
https://www.diabetesatlas.org/en/resources/
https://care.diabetesjournals.org/content/43/Supplement_1/S14
https://care.diabetesjournals.org/content/43/Supplement_1/S14
https://www.hindawi.com/journals/isrn/2012/953461/
https://www.hindawi.com/journals/isrn/2012/953461/

WILEY -2

NDEVAHOMAET AL.

32. Betoénico CCR, Titan SMO, Correa-Giannella MLC, Nery M, Queiroz 45, Abi Khalil C, Omar OM, Al Suwaidi J, Taheri S. Aspirin use and car-
M. Management of diabetes mellitus in individuals with chronic kid- diovascular outcome in patients with type 2 diabetes mellitus and
ney disease: therapeutic perspectives and glycemic control. Clinics. heart failure: a population-based cohort study. J Am Heart Assoc.
2016;71(1):47-53. 2018;7(21):1-11.

33. Lim AKH. Diabetic nephropathy-complications and treatment. Int J 46. Katakami N. Mechanism of development of atherosclerosis and
Nephrol Renovasc Dis. 2014;7:361-81. cardiovascular disease in diabetes mellitus. J Atheroscler Thromb.

34. Wolide AD, Zawdie B, Alemayehu T, Tadesse S. Association of trace 2018;25(1):27-39.
metal elements with lipid profiles in type 2 diabetes mellitus patients: 47. Chahil TJ, Ginsberg HN. Diabetic dyslipidemia. Endocrinol Metab Clin
a cross sectional study. BMC Endocr Disord. 2017;17(1):1-7. North Am. 2006;35(3):491-510.

35. VelaD.Hepcidin, an emerging and important player in brain iron home- 48. Bitzur R. Diabetes and cardiovascular disease: when it comes to lipids,
ostasis. J Transl Med. 2018;16(1):1-18. statins are all you need. Diabetes Care. 2011;34(SUPPL. 2):380-2.

36. D’Angelo G. Role of hepcidin in the pathophysiology and diagnosis of 49. Donate-Correa J, Ferri CM, Sanchez-Quintana F, Pérez-Castro A,
anemia. Blood Res. 2013;48(1):10-5. Gonzalez-Luis A, Martin-Nunez E, et al. Inflammatory cytokines in dia-

37. Tomas G. Molecular Pathogenesis of Anemia of Chronic Disease. Pedi- betic kidney disease: pathophysiologic and therapeutic implications.
atr Blood Cancer. 2008;50(5):1018-25. 2021;7:628289.

38. Parrow NL, Fleming RE. Bone morphogenetic proteins as regulators of 50. Garcia-Garcia PM. Inflammation in diabetic kidney disease. World J
iron metabolism. Annu Rev Nutr. 2014;34:77-94. Diabetes. 2014;5(4):431.

39. Pasricha SR, McHugh K, Drakesmith H. Regulation of hepcidin by ery- 51. Fujita Y, Doi Y, Hamano T, Hatazaki M, Umayahara Y, Isaka Y, et al.
thropoiesis: the story so far. Annu Rev Nutr. 2016;36:417-34. Low erythropoietin levels predict faster renal function decline in

40. De Jager J,Kooy A, Lehert P, Wulffelé MG, Van Der Kolk J, Bets D, et al. diabetic patients with anemia: a prospective cohort study. Sci Rep.
Long term treatment with metformin in patients with type 2 diabetes 2019;9(1):1-10.
and risk of vitamin B-12 deficiency: randomised placebo controlled 52.

41.

42.

43.

44,

trial. BMJ. 2010;340(7757):1-7.

Scherer PE, Hill JA. Obesity, diabetes, and cardiovascular diseases: a
compendium. Circ Res. 2016;118(11):1703-5.

Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascu-
lar disease in type 2 diabetes: a systematic literature review of scien-
tific evidence from across the world in 2007-2017. Cardiovasc Dia-
betol. 2018;17(1):1-19.

Kurytowicz A, Koézniewski K. Anti-inflammatory strategies target-
ing metaflammation in type 2 diabetes. Molecules 2020;25(9):1-
32.

Petrie JR, Guzik TJ, Touyz RM. Diabetes, hypertension, and cardiovas-
cular disease: clinical insights and vascular mechanisms. Can J Cardiol.
2018;34(5):575-84.

Vela D, Leshoski J, Gjorgievska ES, Hadzi-Petrushev N, Jakupaj M, Sopi
RB, et al. The role of insulin therapy in correcting hepcidin levels in
patients with type 2 diabetes mellitus. Oman Med J. 2017;32(3):195-
200.

How to cite this article: Ndevahoma F, Nkambule BB, Dludla
PV, Mukesi M, Natanael KN, Nyambuya TM. The effect of
underlying inflammation on iron metabolism, cardiovascular
risk and renal function in patients with type 2 diabetes.
eJHaem. 2021;2:357-365. https://doi.org/10.1002/jha2.257


https://doi.org/10.1002/jha2.257

	The effect of underlying inflammation on iron metabolism, cardiovascular risk and renal function in patients with type 2 diabetes
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Study population
	2.2 | Laboratory measurements
	2.3 | Statistical methods and data analysis

	3 | RESULTS
	3.1 | Clinical parameters and glucose parameters
	3.2 | Inflammatory profiles
	3.3 | Lipid profile levels
	3.4 | Iron profile levels and red blood cell indices
	3.5 | Renal function tests
	3.6 | Correlation and regression analysis of glucose levels, CRP and iron profiles

	4 | DISCUSSION
	5 | CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	REFERENCES


