Anemia& Diabetes Mellitus
Georgia Kaiafa
Assistant Professor of
Haematology

1st Medical Propedeutic Dept of
Internal Medicine, Aristotle
University of Thessaloniki, AHEPA
University Hospital

There is no conflict of interest

Definition of Anemia according to WHO
3000

Men:
<13 g/dL

Male 15.2 ± 0.9 g/dL
Female 13.3 ± 0.9 g/dL

Frequency

2500
2000

Women:
<12 g/dL

1500
1000
500
0
10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 18

Hemoglobin (g/dL)
World Health Organization. Geneva, Switzerland; 2001.
Dallman et al. In: Iron Nutrition in Health and Disease. London, UK: John Libbey & Co; 1996:65-74.

• 1 out of 4 diabetic patients (23%) suffers from anemia
• The risk of developing anemia is estimated to be 2 - 3 times higher for patients with DM, compared to
the risk for general population, since the patient has a similar glomerular filtration rate (eGFR) and iron
levels
• There is a correlation between the duration of DM and the increasing risk of developing anemia
(patients suffering from DM for more than 10 years have 3 times higher risk of developing anemia)

The etiology of anemia in diabetic patients is complex,
multifactorial and often poorly understandable
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Anemia & Diabetes Mellitus
Anemia remains unexplained in 26% of diabetics
 Changes in Erythrocytes
Several metabolic and functional abnormalities are observed in erythrocytes
due to hyperglycemia in DM


Alteration of the membrane composition (concerning lipids)



Change in membrane permeability and shape deformation





Increased adhesion of erythrocytes (changes in protein structure –
through oxidation or concentration of AGEs in the red cell membrane)
Decreased erythrocyte survival time :




Increased exposure of phosphatidylserine on the erythrocyte membrane, which
implicates their recognition and removal by the reticuloendothelial system
Hyperglycemia increases sorbitol in erythrocytes, which results further in the
reduction of the Na+/K+ - ATPase activity, leading to osmotic instability and cell
death
Sahay M et al. Diabetes Metab Syndr 2017;11 Suppl 2:S685-S695. doi: 10.1016/j.dsx.2017.04.026

Etiology of Anemia in Diabetics
 Hormonal changes
(30%-50% of men with type 2 DM have testosterone deficiency linked with visceral
adiposity, insulin resistance, vascular disease, hypertension, dyslipidemia, osteoporosis &
anemia)

Kengne AP et al Plus One 2012; 7(8):e41875. doi: 10.1371/journal.pone.0041875
James S.C. Diabetic Medicine, 2010; 27:655-659

Erythropoietin (EPO) deficiency
Accounts for 34% of anemia cases in diabetics
Renal dysfunction
Premature damage of tubular cells & impairment of microcirculation at the peritubular
space, that leads to ischemia and fibrosis
Autonomic neuropathy
ANS neuropathy has been associated with inadequate EPO production, with regard to the
degree of anemia, in patients with DM without advanced renal disease
Systemic inflammation
Cytokines & AGEs cause: reduced EPO production in the kidney
reduced response of the bone marrow to EPO
Hepcidin – induced failure of iron absorption from the intestine
Hepcidin - induced trapping of iron in macrophages & hepatocytes
Stevens P.E J Ren Care. 2012;38 Suppl 1:67-77.

Erythropoietin (EPO) deficiency
EPO loss with urine, in diabetics with
proteinuria
 patients with proteinuria have a high rate of anemia,

regardless of renal function,
 patients with non-diabetic proteinuria have anemia

in a smaller degree compared to diabetics

Decreased transcription of the EPO gene
Hyperglycemia induces the increased rupture of
hypoxia inducible factor (HIF) which mediates the
increased EPO gene expression

Stevens P.E J Ren Care. 2012;38 Suppl 1:67-77.

Iron deficiency
Iron is increasingly suspected to influence glucose metabolism at multiple levels
 In type 2 diabetics without renal disease increased ferritin levels than in non-diabetics have been

observed.

 Ferritin levels show positive correlation with insulin, glucose and the presence of arterial hypertension,

dyslipidemia and obesity.

 Ferritin levels > 30 ng/ml are not necessarily indicative of iron adequacy. Specifically, in diabetics with

CKD, guidelines recommend that ferritin levels <100 ng/ml should be considered as iron deficiency, while
functional iron deficiency may exist with ferritin levels up to 800 ng/ml .

 TSAT more reliably predicts the patient’s iron level, while the most reliable method, to estimate the iron

stores is bone marrow biopsy with specific staining for hemosiderin.
Stevens PE. J Renal Care 2012;38(suppl 1):67-77, Zapora-Kurel A,, et al. Anemia in diabetic kidney disease - underappreciated but
still clinically relevant problem. Przegl Lek. 2017;74(4):168-73.

Iron Homeostasis: The role of Hepcidin
 Hepcidin, a peptide hormone released by the liver, seems

to be the key regulator of iron homeostasis and could be
possibly used as an index of anemia, iron status and
inflammation, as well as a therapeutic target

 Inhibits ferroportin leading to a reduction of iron’s

absorption

 Increases the difficulty for iron to be released from its

storages in macrophages and hepatocytes (leading to
functional iron deficiency)

 Due to decreased clearance of hepcidin - its levels are
Zapora-Kurel A, et al. Anemia in diabetic kidney disease –
underappreciated but still clinically relevant problem.
Przegl Lek. 2017;74(4):168-73.

increased and this partly explains the iron deficiency in
diabetics with CKD



Correction of iron deficiency anemia is detrimental in order to proceed with a
diagnostic or therapeutic decision with regard HbA1C levels





HbA1C
- Iron deficiency anemia

- Hypertriglyceridemia

- Uremia

- High dose aspirin

- Hyperbilirubinemia

- Drug abuse

Iron deficiency anemia → false increase of HbA1C
- changes in the shape of the Hb molecule that promote the glycosylation of the β
chain at the terminal end

- reducing the rate of regeneration of red blood cells, providing more
time to occur Hb glycosylation

Etiology of DM Anemia - Medicines

↓ Hb κατά 0,5 g/dl
ACEi/ARB
-Epo synthesis ↓
- Epo activity ↓
-RBC production in BM ↓
- levels of erythropoiesis inhibitors

Medicines – Cause Anemia in DM
Glutazones

1. Glutazones reduce androgen synthesis because they are more easily linked to
androgen-binding protein (SHBG), minimizing androgen receptor activation
2. Glutazones cause hypervolaemia due to fluid retention and subsequently anemia
because of hemodilution
Carruthers M, et al. Cardiovasc Diabetol. 2008;7:30. doi: 10.1186/1475-2840-7-30.

Medicines – Cause Anemia in DM
Metformin

Possible mechanisms that may cause B12
deficiency due to metformin
 The risk of B12 deficiency for someone who uses metformin, is influenced by increasing

age, dose & duration of use.

 Metformin alters: the mobility of the small intestine, thereby stimulating the growth

of bacteria, which contributes to B12 deficiency.
: the levels of intrinsic factor, which is necessary for B12 absorption &
: interacts with the intracellular receptor.

 B12 deficiency is followed by hyperhomocysteinemia and an increase in methylmalonic

acid (MMA) and causes polyneuropathy which might mimic or worsen diabetic neuropathy

Kibirige D , et al. J Diabetes Metab Disord. 2013;12(1):17
Raizeda N et al. Indian J Endocrinol Metab 2017

Β12 Deficiency
In type 2 diabetic patients
 B12 measurement is recommended prior to initiation of therapy with metformin

and therefore, once yearly in elderly patients, who use metformin for 3-4 years or
more, or receive a high dose (≥ 2gr / day) or have clinically worsening diabetic
neuropathy

 Administration of 1000 μg of vitamin B12 once a year replenishes the B12

deposits and improves diabetic neuropathy

Sahay M et al. Diabetes Metab Syndr 2017;11 Suppl 2:S685-S695. doi: 10.1016/j.dsx.2017.04.026

Etiology of anemia in DM type 1
High incidence of DM-type 1 with autoimmune diseases
 Autoimmune gastritis
- reduction in gastric acidity
- destruction of H + / K + ATPase parietal cells
- reduced absorption of Fe
- loss of intrinsic factor
- decreased absorption of vit. B12

 Celiac disease
(absorption disorders of Fe & βιτ. Β12)


Hypothyroidism - Hashimoto's thyroiditis (20-30%)
(reduced EPO production due to reduced need for oxygenation)



Addison’s disease



Pernicious anemia
Sahay M et al. Diabetes Metab Syndr 2017;11 Suppl 2:S685-S695. doi: 10.1016/j.dsx.2017.04.026

Anemia & DM
 In type 1 DM, the incidence of pernicious anemia is 3 to 5 times greater (comparing

to 1-2% of the general population).

 In type 1 DM, the levels of antibodies against the intrinsic factor and antiparietal

antibodies are raised, while the latter inhibit the secretion of intrinsic factor and
thus lead to pernicious anemia (they are observed in 70% of patients with
pernicious anemia)

Kibirige D , et al. J Diabetes Metab Disord. 2013;12(1):17

TAD Study
 In 10 years of diagnosis of DM, 30-40% of
patients develop DN
 The incidence of anemia increases with
deterioration of renal function
 In diabetics with eGFR <60 ml / min, anemia is
observed in 29% of them.
 In diabetic patients with eGFR≥60ml / min,
anemia is observed in 9%
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Anemia - DM- CKD
 Anemia in diabetics leads to tissue hypoxia in kidneys (which as a result presents with

low saturation and high consumption of oxygen)

 Tissue hypoxia exerts various mitogenic and fibrinogenic actions in kidneys, through

expression of various growth factors, hormones and vasoactive enzymes

 Tissue hypoxia promotes proteinuria via a different effect in pre-glomerular and post-

glomerular resistance and leads to increased activity of the sympathetic system, kidney
vasoconstriction activation of the intrarenal renin-aldosterone-angiotensin system
(RAS), release of antidiuretic hormone, fluid retention, hypertension, KIDNEY DAMAGE

Τhomas M, Current Diabetes Review, 2005; 1: 107-126

 Reduction of Hb - even within the normal range - defines a group of
diabetics who are at increased risk of microvascular complications,
increased morbidity & mortality.
 Diabetic patients with persistent microalbuminuria have 4 times higher risk
of anemia, while patients with persistent macroalbuminuria are 12 times
more likely to develop anemia.
 Patients with normo-albuminuria but impaired renal function have an 11fold increased risk of anemia.

Τhomas M, Current Diabetes Review, 2005; 1: 107-126

Anemia – Diabetic
Retinopathy

 Hb < 12,9 gr/dl is associated with a double risk of

developing retinopathy in diabetics

 Anemia may affect the development and

progression of retinopathy in diabetic population
by inducing tissue hypoxia, oxidative stress,
vascular endothelial growth factor (VEGF)
synthesis, neovascularisation, increased vascular
permeability and subsequently tissue oedema
and retina exudates

 Correction of anemia in diabetics with retinopathy
Dimas GG, Balanikas G, Iliadis FS, Savopoulos C, et al.
J Hypertens 2014;6: 101(suppl) ESH-ISH

reduces macular exudates and oedema

Anemia & Diabetic Foot Ulcerations
 The majority of diabetics with severe foot ulceration, which requires endovascular intervention, are

anemic (49-62%)

 The appearance of anemia in patients with severe diabetic foot ulceration requiring endovascular

intervention is associated with adverse outcome of ulcer healing (the main pathophysiological
mechanism is decreased tissue oxygenation, which involves the effect of reactive oxygen
metabolites, that may cause damage to the keratinocytes, endothelial cells and overall to collagen
metabolism)

 In diabetics who undergo intervention with an open bypass for peripheral arterial disease, the

preoperative low Hb is associated with major cardiac events and death

Wright JA, et al. Anemia 2014; 2014:104214. doi: 10.1155/2014/104214.

• EPO deficiency may be a mechanism linking anemia and DPN in T2DM
•EPO may exert a primary influence on myelin status, protecting from the effects of nitric
oxide exposure &
• EPO may promote peripheral nerve repair in rat model through the upregulation of
insulin- like growth factor-1 (IGF-1) expression
Early screening for signs and symptoms of DPN may be necessary in T2DM patients with
anemia.

Is there any correlation???
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 Patients with DM with anemia exhibit more frequent
stroke, ischemic heart disease, hypertension & CKD.
 The incidence of anemia in patients with DM, CKD &
CHF is 10 times higher than in the general population.

Anemia worsens Chronic Heart Failure
Anemia
Remodeling
LVH … cell death
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Kaiafa G, Kanellos I, Savopoulos
C, et al. Is anemia
a new cardiovascular risk factor? Int J Cardiol. 2015;186:117-24

Anemia is associated with Diastolic Dysfunction in type 2
diabetic patients

 Myocardial Hypertrophy
 Interstitial Fibrosis
 Left Ventricular Hypertrophy
 Reduced relaxation of LV

Kaiafa G, Kanellos I, Savopoulos C, et al. Is anemia a new cardiovascular risk factor?
Int J Cardiol. 2015;186:117-24

Anemia: a Diabetologist’s dilemma?
To treat or Not to treat
anemia in DM ?

• Anemia influences the quality of life of diabetics (two times worse as non diabetics)
• Nevertheless diabetics are not routinely checked for anemia

• There are no specific recommendations for
the optimal upper levels of Hb in diabetics
• The relationship between anemia and
mortality is not linear
• Pts with both low and high Ht have an
increased risk of developing CVD (high Hb may
promote systemic vasoconstriction by trapping
nitric oxide and by greater viscosity).

Kaiafa G, Kanellos I, Savopoulos C, et al. Is anemia a new cardiovascular risk factor?
Int J Cardiol. 2015;186:117-24

Trials regarding anemia of DM

 ACORD
 CREATE
 CHOIR
 TREAT

Correction of Anemia with Epoetin alfa in Chronic
Kidney Disease CHOIR TRIAL (130 sites US)

Primary endpoint: composite of death, myocardial infarction, hospitalization for CHF & stroke
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The use of a target hemoglobin level of 13.5g/dL as compared with 11.3g/dL was
associated with increased risk and no incremental improvement in the quality of life
Singh et al,New Engl J Med 2006; 355:2085-98

TREAT (Trial to Reduce cardiovascular Events with Aranesp Therapy)
4.000 diabetics with CKD (not hemodialysed) with baseline Hb 9 – 11 g/dl & Hb target 13g/dl
under Aranesp

Side effects of Epo
 Hypertension
(occurs 2-16 weeks after treatment due to the increase of intracellular calcium,
which inhibits the vasodilating action of nitric oxide (NO) and causes direct
vasoconstriction in arterioles)

 Thrombotic & cardiovascular events
(quantitative increase and consequent improvement of platelet function, in
addition to a reduction in proteins C & S )

 Pure red cell aplasia
 Possible growth of various neoplasms

Sahay M et al. Diabetes Metab Syndr 2017;11 Suppl 2:S685-S695. doi: 10.1016/j.dsx.2017.04.026

Is Oral Iron better than IV ?
IV Iron
 Small number of injections required

Per os Iron
 Gastrointestinal side effects (poor

compliance)
 Rapid improvement

 Limited absorption by many food,

medication , upregulation of hepcidin and
 Cost-effectiveness (due to improved

QoL and reduced hospitalizations).

Hofmarcher T, et al. J Med Econ 2015;18(7):492-501

oedema of the intestinal mucosa due to
systemic venous congestion in CHF
diabetics

Lewis GD, et al. Circ Heart Fail 2016:May 9(5) . IRON – OUT Trial
Tolkien Z et al PLoS One 2015;10:e0117383

Side effects of IV Fe administration
IV Fe in diabetics with history of : celiac disease, bleeding of the digestive tract, autoimmune
gastritis, CKD, bariatric surgery

 In a high dosage may cause hemosiderosis
 Increases the sensitivity of the body to infections


IV Fe may increase oxidative stress → increased risk for endothelial dysfunction and tissue
damage → increased risk for coronary events

 Newer IV Fe formulations (sucrose Fe, carboxymaltoze, low molecular weight dextran) are more

safe, without side effects, easily administered and at relatively low cost.

Sahay M et al. Diabetes Metab Syndr 2017;11 Suppl 2:S685-S695. doi: 10.1016/j.dsx.2017.04.026

Padhi S, Glen J, Pordes BA, Thomas ME; Guideline Development Group.Management of anaemia in chronic kidney disease: summary of
updated NICE guidelines. BMJ. 2015 Jun 4;350:h2258. doi: 10.1136/bmj.h2258

In Conclusion ...

EPO administration is recommended in diabetic anemic patients, only
when CKD coexists, in order to achieve Hb levels between 10,0–12,0 g/dl,
but not higher

The benefit from the early treatment of anemia in diabetics should be
considered versus the cost of the treatment for the patient and the health
system

