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‘ ABSTRACT ’ Most patients with chronic kidney disease (CKD) have anaemia, the cause of which is erythropoietin and iron deficiency.

Anaemia in patients on haemodialysis is associated with poor patient outcomes. Diabetes remains one of the predominant
acetiologies of CKD all over the world. The study was undertaken to study the iron profile in haemodialyzed patients and its corelation with
diabetes mellitus. Sixty-six patients were enrolled in the study with the aim to study the prevalence of anaemia and diabetes in haemodialyzed
patients as well as the iron profile in these patients. Patients were studied as a single group as well as divided into two groups, a non-diabetic group
comprising of 36 patients and a diabetic group comprising of 30 patients. Anaemia was found to be prevalent in 56(84.84%) patients out of which
28(50%) were diabetics. Also, diabetics comprised of 45.45% of the study group. Various parameters like haemoglobin with blood indices and
iron profile was studied and compared in both groups. There was no significant difference in the various parameters in both groups except a
significantly low MCH and MCHC and significantly high ferritin levels in the diabetic group. We concluded that the low MCH and MCHC might
be suggestive of an increased cardiovascular risk in diabetic patients while higher levels of serum ferritin may suggest sub-clinical inflammation
rather than iron overload. In conclusion diabetes remains to be the single most important actiology for the causation of end stage renal disease and
appropriate management of anaemia in terms of EPO and iron therapy remains the mainstay of therapy in haemodialyzed patients.
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INTRODUCTION:

Majority of patients with chronic kidney disease (CKD) on
haemodialysis have anaemia. The cause of anaemia in these patients is a
lack of endogenous production of erythropoietin (EPO) and hence
exogenous erythropoietin remains the mainstay of therapy in these
patients (1). Many of these patients however, are in a negative iron
balance mainly because of increased losses during dialysis, impaired
absorption of iron from gastrointestinal tract and reduced dietary intake
(2). Anaemia in CKD especially in patients on haemodialysis has been
associated with poor outcomes in terms of mortality translating in higher
death rates. Since these patients are both deficient in erythropoietin and
iron, supplementation of both EPO as well as iron are essential to manage
the anaemia of CKD effectively (3). The deficiency of iron in these
patients is one of the reasons for anaemia to remain refractory despite
adequate EPO therapy (1).

Diabetic kidney disease is a major cause of CKD and anaemia is common
in diabetics having nephropathy (4). The management of renal disease in
diabetes has always remained focused on strict glycaemic control, blood
pressure lowering and lipid lowering so as to minimise the occurrence of
vascular disease while the aspect of anaemia management in diabetic
kidney disease has been neglected at large (5). It is believed that anaemia
associated with diabetic kidney disease happens to be more severe (6)
and lower haemoglobin is related to a more rapid decline in the
glomerular filtration rate (7). The main cause of anaemia in diabetes
mellitus is thought to be the lack of EPO. This has been attributed to
various factors like reduced number of EPO synthesizing cells due to
interstitial fibrosis or vascular lesions, urinary loss of EPO in proteinuric
patients, EPO receptor glycation due to hyperglycaemia and cytokine
induced inhibition of EPO synthesis (8). Apart from this, there is
increased iron excretion in early DKD which gets exacerbated with
development of nephrotic range proteinuria. Increased urinary loss and
increased catabolism of transferrin both can contribute to development of
iron deficiency in patients with nephrotic range proteinuria in diabetes
(9). Iron deficiency whether absolute or functional remains an important
factor of non-responsiveness or hypo-responsiveness to EPO and hence
should be corrected appropriately in all patients of CKD. EPO use can
also lead to increased demand of iron in CKD patients especially those on
haemodialysis who also face the added problem of blood loss leading to
iron loss (10). There is a lack of literature regarding the status of iron
profile in haemodialysis dependent CKD especially in relation to
diabetes mellitus. Considering that iron deficiency plays an important
role along with EPO in causation of anaemia in CKD patients and also to
study the effect of diabetes mellitus on the same this study was
undertaken.

MATERIALAND METHODS:

The study was carried out as a prospective observational study at a
tertiary care centre in Ahmedabad between November 2019 to January
2020. Sixty-six patients who were on maintenance haemodialysis for
chronic kidney disease were enrolled as per pre-defined inclusion and
exclusion criteria. The aims and objectives of the study were:

Primary objective:
* Study of Anaemia and Iron Profile in dialysed (chronic kidney
disease) patients and its correlation with presence of diabetes mellitus.

Secondary objectives:

* Prevalence of diabetes in dialysed (chronic kidney disease)
patients.

e Prevalence of Anaemia in dialysed (chronic kidney disease)
patients.

INCLUSION CRITERIA:

»  Chronic kidney disease patient on maintenance dialysis
e Age>18yrs.

EXCLUSION CRITERIA

» Patients of Acute kidney injury
e Pregnant patients

e Terminally ill patients

Consent was sought from all study participants before enrolment.
Anaemia and its severity were defined as per WHO criteria,
haemoglobin (Hb) of less than 13g/dl in males and 12g/dl in females
was considered as anaemia. Hb level of less than 8g/dl was considered
to be severe anaemia, between 8-10.9g/dl as moderate anaemia and
from 11g/dl to gender defined limits as mild anaemia (11). Absolute
iron deficiency in presence of CKD was defined as Transferrin
saturation (TSAT) < 20% and serum ferritin < 200 ng/ml. Functional
iron deficiency was defined as TSAT < 20% and high ferritin levels.
Patients without functional iron deficiency with S. ferritin levels of
>500ng/ml were classified as those having iron overload (12). The
presence or absence of diabetes was determined as per history and
previous case records of the patient as the determination of blood
sugars and HbA 1¢ may not confer to standard definitions of diabetes in
case of chronic kidney disease especially in stage 5 CKD patients (13).
Patients were studied as a single group as well as divided into two
groups, diabetic as well as non-diabetic group. Various haematological
parameters like haemoglobin and blood indices in form of mean
corpuscular volume (MCV), mean corpuscular haemoglobin (MCH)
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and mean corpuscular haemoglobin concentration (MCHC) were
studied. Iron profile was done in all patients. Serum iron, serum ferritin
and transferrin saturation (TSAT) were studied and statistical
inferences were drawn. Statistical analysis was performed in terms of
ratios, percentages, means, standard deviations, Chi square test,
unpaired student's t-test and Pearson's correlation coefficient.
Confidence interval was set at 95% and significance at p-value of less
than 0.05.

RESULTS:

A total of 66 patients were enrolled in the study. Out of 66 patients,
30(45.4%) patients had diabetes. Fifty-six (84.8%) patients had
anaemia and 28(50%) of the anaemic patients had diabetes mellitus.
The study had 40 male participants and 26 female participants in a M:F
ratio of 1.5:1. The ratio was 1:1 in non-diabetic patients while it was
2.75:1 in diabetic patients. Mean age of the patients was 59.5+7.6
years. Fifty (75.7%) patients were between the age group of 45-64
years, the remaining were more than 64 years old (Figure 1).

Age and gender distribution of study
patients{n=66)
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Figure 1. Age and distribution of study patients across various age
groups.

In the anaemic group there were 32 males and 24 females. Gender had
no significant effect on the presence of anaemia in these patients
(Table-1).

Male Female Total
Anaemia present |32 (33.94) [0.11] 24 (22.06) [0.17]|56
Anaemia absent |08 (6.06) [0.62] 02 (3.94) [0.95] |10
Total 40 26 66
The chi-square statistic is 1.8567. The p-value is .173006. Not
significant atp <.05.

Table-1. Effect of gender on the presence or absence of anaemia.

The mean Hb of the study group was 10.09+2.23 g/dl. Mean
corpuscular volume (MCV) was 88.93+8.19 fl, MCH was 28.19+3.34
pg and MCHC was 31.86+1.78 g/dl. Mean serum iron was
95.89+120.96 mcg/dl, mean serum ferritin was 634.584+364.59 ng/ml
and mean transferrin saturation (TSAT) was 39.24+48.10 %. Eighteen
of sixty-six (27.27%) patients had a TSAT of < 20%. Twelve patients
(66.66%) were non-diabetics and six patients (33.34%) were diabetics.
This difference was however, not found to be statistically significant
[x2 (1, N=66) =1.466, p=0.22]. Out of these eighteen, 4(22.22%)
patients had absolute iron deficiency and 14(77.77%) patients had
functional iron deficiency. Haemoglobin, MCV, MCH and MCHC as
well as iron profile values were also calculated individually between
patients with diabetes and non-diabetes in terms of means and standard
deviation (Table-2).

Variable Non-diabetic (n=36) | Diabetic (n=30)|p-value
Age(years) 59.848.01 59.1+£7.48 0.78
M:F ratio 1:1 2.75:1 -
Haemoglobin(g/dl) |10.45+2.61 9.65+1.66 0.31
MCV () 91.4+7.08 85.9+8.67 0.05
MCH (pg) 29.3+2.98 26.743.29 0.02
MCHC (g/dl) 32.4+1.8 31.12+1.39 0.02

S. Tron (meg/dl) 80.74+49.9 114.09+172.54 {0.43

S. Ferritin (ng/ml) |563.8+381.0 728.89+333.62 [0.22
TSAT (%) 30.12+20.01 50.18+67.58  [0.23

p-value calculated using unpaired Student's t-test.

Table-2. Comparison of various parameters between diabetic and non-
diabetic patients.

Haemoglobin, MCV, MCH and MCHC were all found to be lower in
diabetics as compared to non-diabetics. However, there was no
significant statistical difference between Hb and MCV values, whereas
MCH and MCHC was found to be significantly lower in diabetic
patients (using unpaired t-test). There was no statistically significant
difference (using unpaired t-test) between serum iron, serum ferritin
and TSAT values between the two groups. We also found that presence
of diabetes had no difference of statistical significance on the severity
ofanaemia in our patients (Table-3).

Non-diabetic (n=36)| Diabetic (n=30) | Total (%)
Severe anaemia |4 (4.36) [0.03] 4(3.64) [0.04] |8(12.12)
Moderate anaemia| 20 (22.91) [0.37] |22 (19.09) [0.44]|42(63.63)
Mild anaemia 4(3.27) [0.16] 2(2.73) [0.19] |6(9.09)
No anaemia 8(5.45) [1.19] 2(4.55)[1.43] |10(15.15)
Total 36 30 66(100)

The chi-square statistic is 3.8483. The p-value is .278323. The result is
not significant at p < .05. Moderate anaemia most prevalent in both
groups of patients.

Table-3. Distribution and comparison of severity of anaemia between
non-diabetics and diabetics.

We also tried to find the correlation of various parameters with
haemoglobin using Pearson's correlation coefficient. A mildly
negative correlation was found between Hb and RBS at presentation
(r=-0.1001, p=0.57), Hb and TSAT values (r=-0.05, p=0.78) and Hb
and age (r=-0.13, p=0.47). However, as evident none of the values
reached statistical significance.

The presence of iron overload was also evaluated in both the groups.
Out of the 66 patients, 32 (48.48%) patients had ferritin levels of >500
ng/dl in the absence of functional iron deficiency, 12(37.5%) patients
were non-diabetics and 20(62.5%) were diabetics in this category. A
Chi-square test of independence showed that the relationship between
the presence of diabetes mellitus and iron overload was highly
significant [y2(1,N=66)=7.2794, p=0.006].

DISCUSSION:

Anaemia was present in 56(84.8%) of our patients. This is consistent
with study of Loutradis et al, who found that the prevalence of anaemia
was almost 90% in CKD stage 5 patients (14).

The prevalence of diabetes in our study population was 45.4%. This is
consistent with national as well as international data. A report from US
in the year 2014 showed that out of 1,20,000 patients who started
treatment for ESRD, 44% were believed to have diabetes mellitus as
the cause of ESRD (15). Another study from India also showed
diabetic nephropathy to be a cause of ESRD in 44% patients (16).

In our study, the M:F ratio was 1:1 for non-diabetic patients and 2.75:1
for diabetic patients. The overall M:F ratio was 1.5:1. As is evident
from Figure-1, the age group of 45-54 years has more skewed sex ratio.
Beyond the age of 54 years, the ratio came closer. There may be several
reasons for these findings. In the Chronic Renal Insufficiency Cohort
(CRIC) study, it was found that male gender was associated with a
higher risk of renal disease progression as well as worse outcomes in
non-diabetic kidney disease. It is believed that pre-menopausal status
confers protection against developing advanced renal disease in
women (17). A study done in Finland showed that the cumulative risk
of developing ESRD was 93% higher in diabetic men as compared to
women (18). Several factors have been attributed to this fact one of
them being the role of sex hormones in pre-menopausal women. Also,
women are less prone to develop type 2 diabetes mellitus as compared
to men. However, it has been found that more women are at risk of
developing ESRD once they develop diabetes the overall risk of renal
disease progression is slower in women. Women having diabetes seem
to develop renal disease progression almost 10 years later than men.
However, as age progresses, diabetic women are at a higher risk of
developing ESRD as compared to men (19).

In our study, we did not find a significant difference between the
different haematological parameters or iron profile as seen in Table-2
except MCH and MCHC. The study done by Loutradis et al also had
similar findings. In this study, the haematological parameters were
significantly different between diabetics and non- diabetics until stage
3a CKD beyond which there was no significant difference between the
haematological parameters of both groups except for ferritin which
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was significantly higher in diabetics across all CKD stages (14). Our
study however, did show significantly lower MCH and MCHC values
in our patients. In a study conducted by Yamaguchi et al, it was
concluded that a low MCHC in dialysed patients was independently
associated with non-atherosclerotic cardiovascular disease. These
patients were found to have increased left ventricular thickness and left
atrial diameter. Considering that diabetics are more prone to
atherosclerotic cardiovascular disease it may be extrapolated that low
MCHC and MCH in our diabetic patients may be indicative of them
being at a higher risk of development of cardiovascular disease (20).
Although the history of pre-existing cardiovascular disease was not
sought in our patients but even though the association cannot be
neglected.

We also evaluated our patients for iron overload. We found high
ferritin levels in 62.5% diabetic patients as compared to 37.5% non-
diabetic patients. The difference was found to be statistically
significant. Ferritin is an acute phase reactant and a marker of
inflammatory process apart from being a significator of iron overload.
Diabetes also predisposes to infections and inflammatory processes. In
patients with CKD, it is believed that ferritin levels below 2000ng/ml
may not be associated with high body levels of iron stores. Also,
chronic inflammation is common in CKD, again a cause of
hyperferritinaemia. Increased serum ferritin levels have also been
found to be a cause of hypo responsiveness to EPO (21). The study by
Loutradis et al. confirms our findings of high ferritin levels in diabetic
vs non- diabetic CKD patients. In the said study, sub-clinical
inflammation was considered to be a factor for high ferritin levels in
diabetics across all stages of CKD (14).

CONCLUSION:

The important conclusions that can be drawn from our study are that
diabetes remains an important cause of ESRD across the world and
probably affects male gender more. Almost 80-90% of patients who
are on maintenance dialysis are anaemic and the management of
anaemia remains paramount in the management of these patients. Iron
deficiency along with EPO should be the mainstay of managing
anaemia in these patients. The haematological parameters do not
exhibit significant difference between diabetics vs non- diabetics.
Serum ferritin is an indicator of inflammation and not necessarily iron
overload in these patients; however, this possibility remains
significantly higher in diabetics as compared to non-diabetics.
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