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ABSTRACT

Background: Anemia is a common finding in patients with dialseénd renal insufficiency but the effect of
poor glycemic control in such patients is not dedefined.

Aim: To determine the impact of poor glycemic confrothe incidence of anemia in type-2 diabetic pate
with renal insufficiency.

M ethods: This cross-sectional study was conducted in 281@® comprised 72 type-2 diabetic patients and 32
non-diabetic controls recruited from diabetes cbrof the Igbinedion University Teaching Hospitakada, Edo
state, Nigeria. Patients were divided into groupsoeding to glycemic control and renal function.rnge
creatinine, hemoglobin concentration, blood glucasd glycated hemoglobin of subjects were meastired.
presence of anemia was defined by hemoglobin 1€t8.0 g/dL in men and <12.0 g/dL in women. Renal
insufficiency was defined as serum creatinine lexteb mg/dL.

Results: Incidence of anemia in the study population wa%2Diabetic patients with poor glycemic controtha
greater odds (OR = 3.71; 95% CI, 1.09 — 12.56)adioemia compared to those with good glycemic control
irrespective of renal function. Furthermore, pasenith poor glycemic control and renal insufficdgnwere at a
greater risk of anemia compared to those with nbreral function (OR = 5.78; 95% ClI, 1.34 — 24.92).
Conclusion: Higher incidence of anemia is associated withrgggcemic control especially in diabetic patients
with renal insufficiency.

Keywords: Anemia, Type-2 diabetes mellitus, Glycemic contRenal insufficiency

1. Introduction

Anemia is the most common blood disorder and a comifinding in patients with diabetes [1]. It is als
considered as a key indicator of chronic kidneyeaé® and an important cardiovascular risk factor3]2
Previous studies have shown that the incidencenefmia in diabetic patients is mostly associated lite
presence of renal insufficiency. Thus, patienthwitabetes have a greater degree of anemia far lthal of
renal impairment than non-diabetic patients présgnwith other causes of renal failure [1-5]. Pgbycemic
control is one of the factors that have been ingpdid in the increased risk of anemia amongst dabpatients
with normal renal function in this population [6hdiincreased risk of cardiovascular disease amatigbgtic
patients in other populations [7].

Limited information exists on the prevalence ofraiein diabetic patients with renal insufficieneyNigeria. In
addition, no previous studies from this populatitmnthe best of our knowledge, have assessed theriance of
glycemic control in this group of diabetic patierif§e believe that a reduction of blood glucose leead the
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targeting of acceptable glycated haemoglobin levetaild help reduce the risk of anemia in the di@bet
population with (detected or undetected) renal ulystion. This may be important especially at thenpry care
setting where routine laboratory investigations iafeequent and haematological tests are not usirdluded
as part of the laboratory tests for the patientsiagement.

The present study therefore aimed at examininieg étationship of anemia with diabetes and kidneycfion,
and to determine whether this relationship diffebetiveen patients with good glycemic control anzséhwith
poor glycemic control.

2.METHODS

Subjects

This cross sectional study comprised 106 subjetdstype-2 diabetic patients and 32 non-diabetiGéle
diabetic patients were recruited from January taddsber 2012 and from diabetes clinics of the Igtiime
University Teaching Hospital, Okada, Edo state,exiy Diabetes was diagnosed by participant’s regbrt,
and glycated hemoglobin values >6.5%. The diabpéitents were divided into groups according to: (a)
glycemic control [patients with glycemic control £n30) and those with poor glycemic control (n 3]4d)
renal function (patients with normal renal function= 34 and patients with renal insufficiency, A®). Patients
with good glycemic control comprised those whosgcated hemoglobin concentration (HbAlc) wa&5%.
The poorly controlled diabetic comprised those whbtbAlc level was >7.5%. The apparently healthy-non
diabetic subjects were recruited from the samerenmient as the diabetic patients. Each voluntedemment
compulsory fasting blood glucose and glycated hdatiig tests. Subjects with fasting blood glucosele-125
mg/dl and glycated hemoglobin measurement > 6.5%& wg&cluded from the non-diabetic subjects dat& Th
non diabetic group was further divided accordingtheir renal functions (non-diabetic with normahaé
function, n = 20; and those with renal insufficigne = 12). Group designation, patients' demogieplind
clinical features are listed in Tablel.

Protocol

To be included in the study all patients had td8eears of age or older. Exclusion criteria inelddhose who
had history of unstable cardiovascular and perglhédiseases; those with chronic illnesses; thosh micent
blood loss or donated blood recently; those whaHhamolytic anemia or genetic differences in thadglobin
molecule (hemoglobinopathy) such as sickle-celeai® and other systemic disorders that could résult
anemia. Blood were collected from the subjects aftdaining permission from the hospital authoragd under
aseptic conditions using fresh needles and syrimgessterile containers. Blood samples were catedatto
floride oxalate and EDTA bottles for serum creat&i hematocrit, hemoglobin concentration, fastihgpth
glucose (FBG), and glycated hemoglobin measurenmresfsectively. The presence of anemia was defiyea b
hemoglobin level <13.0 g/dL in men and <12.0 g/diL women based on definition of World Health
Organization (WHO) [8]. Renal function was consg&tbmsufficient if serum creatinine values were5thg/dL
for men and >1.3 mg/dL for women [9]. Fasting bladdcose was estimated using the glucose oxidasieoche
(Randox, United Kingdom). Glycated hemoglobin Al@swassessed by ion exchange chromatography method
(DIALAB, Gieselhaft, Germany). The Research andd&iCommittees of the institution approved the gtadd
all the subjects gave their written informed congaior to the study.
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3.RESULTS

Table 1. Demographic and clinical characteristics of satge

Variables Non-diabetics Patients with good | Diabetics with normal
(n=32) vs. Diabetics glycemic control (n=30) | function (n=34) vs.
(n=74) vs. Patients with poor | Diabetics with

glycemic control (n=44) insufficiency (n=40)

Age (yrs) 36.28 £ 11.53*** 37.13 £ 9.89*** 45.50 + 11.60
vs. 45.44 £ 11.99 vs. 51.11 +9.85 vs. 45.40 £ 12.46

Sex (M/F| 19/13 vs. 38/36 13/17 vs. 25/19 20/14 vs. 18/22

Ratio)

HbA1lc (%)

5.73 £ 0.45%**
vs. 10.33 £4.59

5.95 £ 0.48%*
vs. 13.32 + 3.65

9.94 +5.33
vs. 10.67 £ 3.89

FBG (mg/dl) | 77.22 + 10.15** 86.30 + 15.66%* 128.64 + 58.95*

vs. 147.01 + 58.36 vs. 188.41 + 35.94 vs. 162.62 + 53.77
SCr(mg/dl) | 1.49 +1.12% 1.53 + 0.88*** 0.92 + 0.24%*

vs. 2.49 + 1.89 vs. 3.05 £ 2.14 vs. 3.72 £ 1.70
Hemoglobin | 13.22 + 0.92* 12.95 + 0.94%* 12.81 + 0.90**
(g/dl) vs. 12.35 + 1.33 vs. 11.94 + 1.41 vs. 11.95 + 1.51
Hematocrit | 41.78 + 4.70% 41.0 + 4.56% 41.26 + 4.80**
(%) vs. 38.40 + 6.80 vs. 36.63 + 7.52 vs. 35.97 + 7.34

Abreviations: HbAlc = Glycated hemoglobin concetitrg FBG = Fasting blood glucose; SCr = Serum
creatinine; *P < 0.05; **P < 0.01; **P < 0.001. Baare means * standard deviations.

Demographic and clinical characteristics of paemte as shown ifiable 1. Mean hemoglobin as well as the
mean hematocrit values were significantly higheman-diabetics compared to diabetics (P < 0.015¢ ah
persons with good glycemic control compared to gesswith poor glycemic control (P < 0.001 and P.&1)
and in diabetic patients with normal renal functammpared to those with renal insufficiency (P 810and P <
0.001) respectively. Significantly higher serumatigine was noted in diabetics compared to nonedieb and
in patients with poor glycemic control comparedhose with good glycemic control (P < 0.01 and §.801)
respectively. Mean HbAlc did not differ betweenbdiic patients with normal renal function and thesth
renal insufficiency. On the other hand, fastingdolg@lucose was significantly higher (P < 0.05) imbetics with
renal insufficiency compared to those with norneadal function.

The incidence of anemia in the study populatior ({06) was 21.7% (n = 23). Of the 74 diabetic pasavho
participated in the stduy, 27% (n = 20) had anerRiatients with diabetes had significantly more amem
compared to the non-diabetic patients (18.9% 8%2.P<0.001). Chi-square test indicated signific@¢ft=
12.56; p = 0.000) difference in the incidence oéraia between non-diabetics and diabetic patierdgistic
regression further revealed that those who areetimlare at greater risk of anemia compared todiabetics
(OR =3.58; 95% CI, 1.0 — 13.06).
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Table 2. Incidence of anemia in diabetic patients accaydinrenal function

DIABETICS WITH NORMAL | DIABETICS WITH RENAL | TOTAL | X? | P-

RENAL FUNCTION INSUFFICIENCY VALUE

N (%) N (%)

N (%)
No 30 (40.5) 24 (32.5) 54(73.0)
Anemia
7.4 | 0.006

Anemia | 4 (5.4) 16 (21.6) 20(27.0)
Total 34 (45.9) 40 (54.1) 74 (100)

Among the diabetic patients, 45.9% had normal ré&umadtion, while 54.1% had evidence of renal insighcy
(Table 2). Patients with renal insufficiency had signifitigrgreater incidence of anemia than those withradr
renal function (21.6% vs. 5.4%; P = 0.007). Funhare, a significant association was observed beatwee
prevalence of anemia and renal functiorf £<7.4; P < 0.01). Diabetic patients with renal ffisiency were
more likely to develop anemia compared to thosé witrmal renal function (OR = 5.0; 95% Cl, 1.47.91%.

Table 3. Incidence of anemia in diabetic patients accaydinglycemic control status

GOOD GLYCEMIC | POOR GLYCEMIC | TOTAL | X* P-
CONTROL CONTROL VALUE
N (%) N (%)
N (%)
No 26 (35.1) 28 (37.9) 54(73.0)
Anemia 4.79| 0.03
Anemia 4 (5.4) 16 (21.6) 20(27.0)
Total 30 (40.5) 44 (59.5) 74 (100)

Among the 74 diabetic patients, 40.5% (n = 30) badd glycemic control and 59.5% (n = 44) had poor
glycemic control Table 3). Those with poorly controlled diabetes had sigaiftly higher incidence of anemia
than those with good glycemic control (21.6% v496;,. P = 0.007). Greater risk of anemia was als@es! in
those with poorly controlled diabetes comparedhaisé with good glycemic control (OR = 3.71; 95% £Q9 —
12.56).

Table 4. Incidence of anemia in diabetic patients with pglgcemic control according to renal function atat

PGC WITH NORMAL | PGC WITH RENAL | TOTAL | X? P-
RENAL FUNCTION INSUFFICIENCY VALUE
N (%) N (%) N (%)

No 16 (36.4) 12 (27.3) 28(63.6)

Anemia 6.12| 0.013

Anemia | 3 (6.8) 13 (29.5) 16(36.4)

Total 19 (43.2) 25 (56.8) 44 (100)

43.2% of diabetic patients with poor glycemic cohthad normal renal function, while 56.8% had renal
insufficiency (Table 4). Significant difference was observed betweeniticglence of anemia in patients with
poor glycemic control but normal renal function qmred to those with poor glycemic control and renal
insufficiency (29.5% vs. 6.8%; P = 0.01) among diads with normal renal function. Similarly patientith
poor glycemic control and renal insufficiency wdoeind to be at a greater risk of anemia compareithdse
with normal renal function (OR = 5.78; 95% CI, 1:324.92).
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Table 5. Incidence of anemia in diabetic patients withalénsufficiency according to glycemic control sist
GGC WITH RENAL | PGC WITH RENAL | TOTAL | X* | P-
INSUFFICIENCY INSUFFICIENCY VALUE
N (%) N (%) N (%)

No 12 (30.0) 12 (30.0) 24(60.0)

Anemia 4.0 0.04

Anemia | 3(7.5) 13 (32.5) 16(40.0)

Total 15 (37.5) 25 (62.5) 40 (100)

Table 5 shows the incidence of anemia in diabetic patievite renal insufficiency according to glycemic
control status. 62.5% of this group of patients lpadr glycemic control, while 37.5% had good glyoem
control. The incidence of anemia was significartigher in patients with poor glycemic control comgzhto
those with good glycemic control (32.5% vs. 7.5%+ B.01). Logistic regression also indicated thatigmts
with poor glycemic control were at greater riskasfemia than those with good glycemic control (OR.33;
95% CI, 1.01 — 19.20).

Table 6. Indices of glycemic control, renal function ameaic condition compared between diabetic patients
with and without anemia

VARIABLES NON-ANEMIC ANEMIC t-STAT P-VALUE
N =54 N =20

FBG 135.61+56.44 177.80+53.22 -2.89 0.005

HbAlc (%) 7.70£1.98 11.69 + 3.82 -4.45 0.000

scr (mg/di) 2.03 + 1.68 3.51+2.03 -2.89 0.007

Hb (g/dl) 13.06 + 0.58 10.43 + 0.74 14.38 0.000

Hematocrit (%) 41.87 £3.21 29.05 +4.77 11.11 0.000

Abreviations: HbAlc = Glycated hemoglobin concetitrgg SCr = Serum creatinine; Hb = Hemoglobin. Data
are means * standard deviations.

Patients with anemia had significantly greater FBBA1C and SCr levels compared to patients witlzo#mia
(177.80 vs. 135.61, P = 0.005; 11.69 vs. 7.70,0R080 and 3.51 vs. 2.03, P = 0.007) respectivelyyg Jame
trend was observed when hemoglobin and hematagities were compared between patients with and wtitho
anemia Table 6).

Age and sex adjusted Pearson’s correlation analpsicated a significant negative associations betw
hemoglobin concentration and; serum creatininel lgve -0.366; p = 0.002); fasting blood glucose=(+0.337;
p = 0.004) and glycated hemoglobin concentration{0.568; p = 0.000).

4. DISCUSSION

The present study indicated a high prevalence einga (27%) among diabetic patients irrespectiveest renal
function and glycemic control status. Our data ¢atkd a higher prevalence of anemia when compared t
previous studies by Carwood et al (males, 11%; feanl6%) [10], Thomas et al (20%) [11], Craigaét
(17.8%) [12], and Bonakdaran et al (19.6%) [13]e Tilgher incidence of anemia in our study may ketduhe
small sample size of our study, which also cont#wa large proportion (34%, n = 25) of patiento vad
poorly controlled diabetes as well as renal insidficy. This category of diabetic patients has t&@wn to be
more susceptible to impaired erythropoietin producand release and higher incidence of anemiala},

The presence of anemia was significantly highedi@betic patients compared to non-diabetic subj&dtese
who were diabetic were also found to be 3.5 tintegreater risk of anemia than those without aneffe
present study also indicated negative correlatietwben hemoglobin concentration (an index for anemi
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condition) and fasting blood glucose (index forb#ites). These findings strengthen previous studigsh have
reported higher prevalence of anemia in diabetiogared to non diabetic patients irrespective ofstagus of
renal function [1, 2, 3, 16]. In addition, diabefiatients with renal insufficiency had more aneama were at
greater risk of anemia compared to patients withm@b renal function. Negative correlations between
hemoglobin concentration and serum creatinine graferenal function) were also observed. Previsuslies
have associated diabetic patients who had renafficiency with higher prevalence of anemia compate
those with normal renal function [13, 17, 18]. Gtwdy however is significant since it excluded theso have
hemolytic anemia or genetic differences in the hglottin molecule (hemoglobinopathy) such as sicldi-c
disease and other systemic disorders that couldt insanemia.

Reducing blood glucose levels and targeting acbépglycated haemoglobin (HbALc) levels is the mégaus
in preventing the risk of micro- and macro-vascuamplications [19]. Our findings indicated thakspective
of renal function, patients with poor glycemic amhtwere at greater odds of anemia than those gitbd
glycemic control. In patients with renal insuffiniey, data indicated that those with poor glycenantwml were
at greater risk of anemia than those with contdotiéabetes. Negative correlation was also obsebetdeen
glycated hemoglobin (an index of glycemic contiatid hemoglobin concentration. Previous studiesabetic
patients with normal renal function have demonsttatigher prevalence of anemia in those with urodad
diabetes compared to those with controlled diabig@e$4]. The risk of anemia in diabetics with papycemic
control has been previously associated with diabetitonomic neuropathy leading to impaired erytbiefin
production and release [15, 20]. This condition rbayworsened in poor glycemic control patients wéhal
insufficiency due to damage to renal achitectudpced by chronic hyperglycemia and consequent&tiom
of advanced glycation end products [1, 2, 21] aray raxplain the present findings. Our study thefor
underscores the importance of glycemic control éducing the risk of anemia in the diabetic popatati
particularly in those with renal impairments andyanting other diabetic complications.

In conclusion, anemia is associated with poor ghicecontrolparticularly in diabetic patients witlenal
insufficiency. This calls for the inclusion of rang hematological tests as treatment criteria fabetes and
taking into consideration the consequences of gharemic control and renal dysfunction, in orderniake
optimal therapeutic decisions for the treatmentdabetes mellitus in adults and prevent other diabe
complications.
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