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Correlation of Haemoglobin Level and Urine Albumin in 
Relation to Glycated Haemoglobin in Type 2 Diabetes

Introduction
Diabetes mellitus is a group of metabolic disorder 
characterized by the presence of high blood sugar for a 
prolonged period due to defective insulin production or 
appropriate and efficient utilization of insulin by cells.

It is one of the disorders which are spreading like epidemic 
all over the world. Inappropriately managed diabetes cause 
severe complications and decreases the quality of life. The 
disease and its complications cause a heavy economic 
burden on patients, their families and society (1, 2).The 
chronic , long term complications are related to damage 
caused by high blood sugar mainly the blood vessels and 
are generally classified into micro vascular disease such as 
diabetic retinopathy (eyes) , nephropathy (kidneys) , and 
neuropathy (nerves) and macro vascular disease concerning 
the heart and blood vessels (large vessel disease). In India 
the prevalence of retinopathy is high in type2 diabetic 
patients and prevalence of nephropathy was less (8.9% in 
Vellore), and 5.5% in Chennai (3).

Diabetes mellitus is an essential disease characterized 
by either deficiency of insulin or its peripheral resistance 
resulting in hyperglycaemic state and nonenzymatic-
glycation of protein(4). Although poor glycemic control has 
been associated with cardiovascular disease, nephropathy 
and retinopathy. Cardio vascular diseases are the primary 

cause of mortality and morbidity in Type 2 DM patients; 
and other risk factors, including smoking, hypertension, 
and dyslipidemia, have been shown to accelerate the 
progression cardiovascular events(5).Furthermore, elevated 
urinary albumin excretion is associated with increased risk 
of Cardio vascular disease(6). Diabetic nephropathy is one 
of the most common complications, and an important cause 
of renal failure(7). Measurement of urine albumin should 
be used for screening, monitoring and to supplement 
the clinical evidence in the diagnosis and treatment 
of microalbuminuria.Urinary albumin excretion may 
represent common pathways for the development of both 
small and large vessel disease making microalbuminuria 
as a possible marker for cardiovascular diseases. Micro 
albuminuria is the earliest clinically detectable stage of 
diabetes induced damage to kidneys at which appropriate 
interventions can slow the progression, or even reverse, 
the process nephropathy(8). Microalbuminuria is defined 
as urinary albumin excretion rate of 20-200 µg/min or 
urinary protein excretion rate of 30-300 µg/min predict 
the future development of nephropathy(9). The risk factors 
for Microalbuminuria are raised blood pressure and poor 
glycemic control. Glycosylated haemoglobin is a blood 
glucose control marker in diabetic patients. HbA1C 
is formed by condensation of glucose with free amino 
groups of the globulin component of the haemoglobin 
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ABSTRACT
Background; Diabetes mellitus is a chronic metabolic disorder characterized by hypergycemia and derangement in protein and fat metabolism. 
The prevalence of diabetes was approximately 2.8% in 2000  and is estimated to grow to 4.4% by 2030 worldwide.

The Aim and objective of the present study is to correlate haemoglobin , urine albumin with glycated haemoglobin also called as HbA1c 
testing.

Methods: This study was conducted on 100 Diabetic patients without hypertension , coronary artery disease & pregnancy. Hb A1c was 
estimated in diabetic subjects using random EDTA samples by BIORAD D-10 ion exchange high performance liquid chromatography(HPLC), 
fasting blood glucose was by Glucose oxidase-peroxidase method and haemoglobin estimation by using automated analyzer sysmex XN 
1000, Urine albumin measured with URODIP 10A Reagent strips . The data was analyzed by descriptive analysis.

Result and Conclusion: Result shows that hemoglobin was significantly reduced in diabetic patients with high HbA1c and presence of urine 
albumin which is highly increased in diabetic patients with high glycated hemoglobin. Patients with poor glycemic control are at risk of 
developing nephropathy. This condition can be controlled by changes in lifestyle and frequent monitoring.
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and normally it comprises 4-6% of the total haemoglobin 
and it represents the average glucose concentration over 
the period of 2-3months. Glycosylated haemoglobin is 
a useful index of mean glycaemia during the preceding 
120 days (10).An increase in blood glucose concentration 
increases the glycated haemoglobin fraction. It is also a 
predictor of complications as measures reducing HbA1c 
correspondingly reduce the risk of complications (11).

Materials and Methods 
The study was conducted on 100 diabetic patients ( Type-2 ) 
, both males (n=46) and female (n=54) between age groups 
of 30-85 years who were registered at Saveetha Medical 
College and Hospital Saveetha university , Chennai , India. 
Informed consent of the patient was taken. All patients 
who were diagnosed diabetes mellitus of type -2 using the 
ADA criteria of fasting blood glucose (FBG) of > 126 mg/
dl were included in the study. The patients with any recent 
critical illness were excluded from the study. The blood 
samples were collected in non vacuum tubes with EDTA as 
anticoagulant and analyzed within 2 hours of venepuncture 
for haemoglobin and HbA1c. 

HbA1c (glycated haemoglobin) is a form of haemoglobin 
that is measured primarily to identify the average plasma 
glucose concentration over prolonged periods of time. 
Measurement of HbA1c is used to determine average 
glycemic control over an 8-12 week period as the life 
span of the RBcs is 80-120 days(12). It can be performed 
at any time of the day and does not require any special 
preparation such as fasting. More recently, HbA1c test 
using as a diagnostic test for diabetes and as a screening 
test for persons at high of diabetes. (13). HbA1c may be 
affected by a variety of genetic, hematologic and illness 
related factors (14). The most common important factors 
affecting HbA1c worldwide are hemoglobinopathies, 
certain anemias, and disorders associated with accelerated 
red cell turnover such as malaria (15).

The glycohemoglobin (HbA1c) is formed in two steps by 
the non enzymatic glycation of HbA.The first step is the 
formation of an unstable aldimine(labile A1c, or pre A1c), 
a reversible reaction between the carbonyl group of glucose 
and the N terminal valine of β-chain of haemoglobin.Labile 
A1c formation is directly propotional to the blood glucose 
concentration. During red blood cell circulation, some of 
the labile A1c is converted (Amadori rearrangement) to 
from a stable ketoamine, HbA1c. 

Principles of the Procedure

The D-10 Hemoglobin A1c program utilizes principles of 
ion-exchange high-performance liquid chromatography 
(HPLC). The samples are automatically diluted on the D-10 

and injected into the analytical cartridge. The D-10 delivers 
a programmed buffer gradient of increasing ionic strength 
to the cartridge, where the hemoglobins are separated based 
on their ionic interactions with the cartridge material. The 
separated hemoglobins then pass through the flow cell of 
the filter photometer, where changes in the absorbance at 
415nm are measured. Hemoglobin A1refers to combination 
of A1a,A1b, and A1c. 

Samples for fasting blood glucose estimation was collected 
in non vacuum fluoride tubes and is estimated by glucose 
oxidase-Peroxidase method. Haemoglobin is estimated using 
SYSMEX XN 1000 Automated analyzer .Urine samples 
were analyzed for albumin using URO-DIP 10 A Reagent 
strips. The values were obtained and charted in Microsoft 
excel and descriptively analyzed. ( Fig 1 and Fig 2) .

Analysis 
The data were statistically analyzed by descriptive analysis.

Result
Among the one hundred diabetic patients with the glycated 
haemoglobin level more than 6.0 and less than 13.5 with 
36 out of 54 female patients showing haemoglobin value 
of less than 12.0 and 30 out of 46 male patients showing 
haemoglobin value of less than 13.0. Furthermore among 
this 66 patients with low haemoglobin value , about 54 
patients showed urine protein value of more than 30mg/
dl (1+) with maximum of more than 300mg/dl(4+)tested 
using urine dipstick test(urodip 10 A strips ). Out of this 
66 patients 18 patients showed 30mg/dl (1+) proteinuria , 
28 patients showed 100mg/dl (2+) proteinuria , 11 patients 
showed 300mg/dl (3+) proteinuria 9 patients showed more 
than 300mg/dl (4+) proteinuria, while few of the 46 patients 
with normal hb value with high glycated haemoglobin 
level and high fasting blood sugar level showed 5-20mg/
dl(trace) to 30mg/dl (1+) proteinuria.

Discussion 
Type 2 diabetes is the commonest form of diabetes 
constituting 90% of the diabetic population in any country. 
In India, china and U.S more diabetic patients are in 
the age group of 45-64yrs and more than 65 yrs in the 
developed countries. Epidemiological studies showed that 
the prevalence and increased incidence of diabetes was 
high in urban India (16-18). This is mainly due to life style 
changes and genetic predisposition in Indian population. In 
the year 2000 a national survey of diabetes was conducted 
in six major cities in India showed that the prevalence of 
diabetes in urban adults was 12.1% and the prevalence of 
impaired glucose tolerance was also high (14.0%). Several 
studies noted that in Asian Indians the onset of diabetes 
was at younger age (19, 20).
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Fig.1: Correlation of Haemoglobin with high Glycated haemoglobin.

Fig. 2: Correlation of haemoglobin & urine albumin with high Glycated 
haemoglobin.

Even though more advances in the healthcare of patients, 
diabetes remains one of the most common cause of end 
stage renal diseases (21 -25)

Hyperglycemia induced variation in haematological 
parameters and urine albumin has been reported by 
several studies. Elevation in glucose concentration is one 
of the major factor that effects erythrocyte morphology 
i.e. the severity in the change of erythrocyte shape 
depend upon plasma glucose level . This in turn, affect 
their flow properties through alteration and deformation 
at individual level and aggregation at collective level 
(Singh and Shin, 2009). There is frequently a reduction or 

change in blood viscosity which predisposes a pearson’s 
system in reacting inadequately to insulin. Significant 
reduction in haemoglobin was observed in both male 
and female diabetic patients. Among the 100 diabetic 
patients, 66 patients showed less haemoglobin value and 
54 patients showed presence of urine albumin of varying 
degree. The reduction in haemoglobin may be due to 
one among the many complication of diabetes mellitus 
– diabetic nephropathy, affecting the kidneys resulting in 
decreased production of erythropoietin resulting in low 
haemoglobin level. 

The presence of urine albumin in normal individuals 
varies from absence to trace amount of urine albumin, 
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which may increase in several conditions with one of the 
several conditions being diabetes mellitus due to diabetes 
induced damages to the endothelium of the kidneys leading 
to leakage of albumin from the blood into the urine.Trans 
glomerular passage of albumin and tubular reabsorption are 
important factors plays a role in urinary albumin excretion. 
Few changes like increased intra-glomerular pressure, 
loss of negatively charged glycosaminoglycans in the 
basement membrane and increased basement membrane 
size, all contribute to the albuminuria. The glomerular and 
tubular proteinuria can be distinguished simultaneously 
by measuring the urinary β2-microglobulin and albumin. 
Microalbuminuria does not directly cause cardiovascular 
events. It is a maker for those who may be at increased 
risk. It is caused by glomerular capillary injury and so may 
be marker for diffuse endothelial dysfunction. According 
to steno hypothesis, albuminuria might reflect a general 
vascular dysfunction and leakage of albumin and other 
plasma macromolecules such as low density lipoproteins in 
to the vessel wall that may lead to inflammatory responses 
and in turn start the atherosclerotic process (26, 27.) 
Recently some studies suggested that microalbuminuria 
may be a risk factor for the development of cardiovascular 
disease in non diabetics and so it have a role in screening 
programs (28) The amount of urine albumin increased 
with increase in level of glycated haemoglobin (HbA1c) 
indicating the uncontrolled diabetes leading to increased 
damage to the kidneys. Our results indicate that any 
change in biochemical parameters particularly glycemic 
control is reflected by haematological indices particularly 
haemoglobin which can be used as one of the indication 
for diabetic complications. There is a need to develop 
risk factor modification to reduce the impact of long term 
complications (Khuwaja et al, 2004) Drug therapy such 
as ACE Inhibitors such as lisinopril along with control 
of glycemic index is an effective strategy to attenuate the 
damage occurring to kidney in patients with uncontrolled 
diabetes for better prognosis and delaying the progression 
to chronic kidney disease.

Conclusion 
Poor glycemic control causes an alteration in level of 
haemoglobin in the blood and excretion of varying amount 
of albumin in urine. Hyperglycemia induces damage to 
the cells of the kidneys which in long term leads to failure 
of kidneys resulting in end stage chronic renal disease 
in diabetics. The study indicates the clinical usefulness 
of HbA1c, haemoglobin, Urine albumin detection and 
estimation of the amount as markers for diagnostic 
point of view and is a cost effective & very beneficial 
for patients at high risk of developing micro / macro 
vascular complications and can help in preventive and 

early treatment . A Good glycemic control with life style 
modifications / diet / oral hypoglycaemic drugs / insulin 
could be supportive and beneficial in reducing the effect 
of diabetes 
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