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Glycated albumin and glycated haemoglobin levels as a measure of monitoring
glycaemic control in diabetic patients attending out-patient clinic at KenyattC!
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ABSTRACT

Background:

Diabetes mellitus (DM) is a chronic metabolic disease that i~
characterized
by persistent
hyperglycemia.
Monitoring of glycaemic control ir
individuals with DM is currently done by a combination of short term, that is daily
monitoring of blood glucose and long term biochemical tests especially glycatec
haemoglobin(HbA1c)
which is done every 2-4 months. Glycated albumin (GA) is c
new test for intermediate glycaemic control. It measures averaged plasma gluCOSE
level over two to four weeks. This enables closer monitoring and evaluation ot
treatment regimen faster than HbAlc.
Objectives: To compare glycated haemoglobin to glycated albumin levels as a measure of monitoring glycaemic control in diabetic patients.
Design: A prospective comparative study.
Methods: The study was carried out on diabetic patients attending the diabetic clinic
at Kenyatta National Hospital.
Results: A total of 260 patients were enrolled into the study. The mean age was 52
years with a standard deviation of 12.3. There was a female preponderance
of 60.4%,
Random blood sugar analysis showed that, the population with good glycaemic
control constituted 156 (60%). Majority of the patients had good glycaemic control
170 (65.4%) based on the HbAlc assay, compared to 39.4% in GA. There was a good
correlation between HbAlc and glycated albumin with R2value of 0.64.
Conclusion: More patients showed good glycaemic control based on HbAlc compared
to glycated albumin. There was correlation between .HbAlc and glycated albumin
with R2 value of 0.64. There is need to introduce glycated albumin as a method of
intermediate glycaemic control in the hospital.
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Diabetes mellitus (DM) is metabolic
disease
that
is characterized
by
hyperglycemia.
It is caused
by a
complex interaction
of genetic and
environmental
factors. Hyperglycemia
is caused by reduced insulin secretion
or
resistance,
decreased
glucose
utilization
and
increased
glucose
production
Decades of research have established
that prolonged
exposure
to excess
glucose
is the cause of diabetic
complications
and that long term
control of blood glucose is required.
The process of protein glycation is now
understood to be both a marker for the
progress of diabetes complications and
underlying cause for many of the most
serious complications'.
Monitoring blood sugar levels in
individuals with DM is currently done
by a combination
of short-term
that
is random blood sugar and long-term
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methods
(glycated
haemoglobin].
Glycated albumin is an intermediate
method for assessment
of glycaemic
control which has been used in Japan
and other Far East countries but not
in Kenya. HbAlc
represents
time
averaged plasma glucose level of over
2-4 months; it requires longer time for
HbAIc to improve after improvement a
glycaemic control as compared to GA
whose time averaged plasma glucose
level is 2-4 weeks. GAenables evaluation
of treatment regimen faster-",
American Diabetes Association
describes the treatment goals for
adults
- ,-;t;::-'
with DM as HbAIc of<7% (53mmol
mol), pre-prandial
plasma glucose 0
5.0-7.0mmoljl
and peak post-prandial
plasma glucose of <l Ommol/I".
Kenyatta National Hospital (KNH)
attends to about 8,500 diabetic patien
every year. Many of these patients ar I
seen at long intervals (3-6 months)
Lately improvements
have been mad
to enable diabetic patients with speci
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individual needs to be reviewed more frequently by
nurses and clinical officers at the clinic. Random
blood sugar of >11.1mmol/l in symptomatic patients
is used as a basis for diagnosis. Those with RBS of
between 7.9mmo/l and 11.1mmoljl are subjected to
oral glucose tolerance test to determine their diabetic
status.
HbAlc is used in monitoring DM patients in most
private hospitals. The tests cost between USD15
and 20 USD which is far beyond the reach of many
diabetic patients attending the Diabetic clinic at KNH.
Glycated albumin is a new useful and rapid method
for monitoring
DM though, the cost may not be
determined at the research level. During the period
ofdata collection, July to September 2011, HbA1c test
was not being done at KNH labs but was introduced
shortly later at subsidized price of 11 USD.
There is a demonstrable need for an intermediate
giycation index. Measurement
of GA monitors DM
complications by picking poor glycaemic control
earlier than when using long term methods. This
closes the information gap that exists between daily
blood glucose testing and HbAic testing=.

were centrifuged after the daily collection and stored
in cryo vials at -20°e. The samples were later run as
a batch for analysis of glycated albumin. Both samples
were run atthe KNH Chemistry laboratories. The KNH
lab participates in EQA (HUQAS) for other analytes
not glycated albumin because it was being run for the
first time.
According to ADA good glycaemic control is
defined as, HbAIc of <7% (53mmol/mol).
There is
no definition for glycated albumin given hence cut
off of 285umol/l was used based on the parameters
from the Diazyme Kit assay. The parameters used to
describe good diabetic control were: HbAIc of less
than 7% (53mmol/mol)4.7.8 glycated albumin of less
than 285umol/l and the parameters for random blood
glucose were assessed using the glucose control chart
used at the clinic developed by Diabetes Association
of Kenya for use in Kenyan public hospitals. Using the
HbA1c as the gold standard test, the patients were
categorized into two groups: normal HbA1c less
than 7% and high HbA1c (more than or equal to 7%),
these two categories were used to describe good and
poor glycaemic controls. Then the two groups were
compared according to their demographic, medical
history and physical examination characteristics.

MATERIALSAND METHODS
This was a diagnostic accuracy study comparing
HbA1cand GA. It was carried out between July and
September 2011. The total number of patients, both
new and old seen at the clinic yearly are between
8,000 and 9,000 in number and out of these new cases
areabout 600.
A study population of 260 patients was recruited
intothe study. Diabetic patients attending the clinic
were assessed for eligibility and recruitment
done
consecutively until the desired number was attained.
Screening was done by perusing the files to check
forpotential study participants
who were diabetic
patients both type 1 and 2, who gave informed
consent to participate in the study. Those who had
documented diabetic complications
were excluded
fromthe study. After the questionnaires
were filled
by consenting patients, the patients were seated in a
procedure room and the process of blood sampling
explained to each one of them by the primary
investigator and the research assistant.
The site for venepuncture was cleaned with swabs
soakedin 70% alcohol and dried using a dry cotton
wool.Approximately 4 ml of blood was drawn from
thecubital vein of each participant using a sterile
needle and syringe. The sample was then divided
intotwo: 2ml was put in the EDTA bottles and sample
mixedwell with anticoagulant
to avoid clotting of
sample.The other 2ml was put in a plain bottle.
TheEDTAanticoagulated blood was used to run the
~Iycatedhaemoglobin which was done within 4 hrs
ofsample collection. The samples in the plain bottle

RESULTS
During the study period, 272 files were scrutinized.
After perusing the files, 5 patients were found to
have some complications especially deranged renal
function tests and the other 7 declined to consent.
Afterwards, 260 patients were recruited into the
study. A total of 260 patients met the eligibility and
were included in the analysis.
Figure 1:Age distribution

of the patients (n=260)
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The youngest person was 20 years old and the oldest
was 90 years old. The mean age was 52.5 years, with a
standard deviation of12.3. Majority of the participants
were in the 51-60 years. This group had 81 (31.2%)
diabetic patients attending the out-patient clinic.
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Figure 5: Correlation between glycated albumin and
glycated haemoglobin

Figure 2: Histogram showing distribution of random
blood sugar in mmoljL in the study population (n=260)
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The range was 120-920umol/L.
The mean was
352.95umol/L
and the SD was 160.4umol/L. Based
on a cut off of X, Y (%) patients had good glycaemic
control. The linearity is represented in the equation
glycated
albumin=3.63+97.39
(HbAlc).
The R2
value is 0.64. There is a positive correlation between
glvcated albumin and HbAlc (Figure 5).

RBS (mmoI/L)

The range of the random blood sugar was 3.9-29.0.
The mean is 9.75 and the SD was 4.39.
Figure 3: Histogram showing distribution of glycated
haemoglobin levels in the study population (n=260)
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The main method of monitoring diabetes mellitus at
the Kenyatta National Hospital diabetic clinic is the
use of self monitoring of blood glucose. This is because
the test'is cheaper and within the reach of the largely
poor population. After analysis of the plasma glucose
the results showed that, the population with good
glycaemic control constituted 156 (60%), (Figure 2).
The Fremantle study of 1,286 type 2 diabetes patients
over 5 years as well as a study of nearly 3,000 type 2
patients on oral medication or diet alone in Germany
and Austria found no benefit for daily blood glucose
testing regardless of treatment.
Self monitoring of blood glucose (SMBG) is especially
important for patients treated with insulin to prevent
asymptomatic hypoglycemia and hyperglycemia. For
most patients with type 1 diabetes and pregnant
women taking insulin, 5MBG is recommended
three
or more times daily (ADA). Several recent trials have
called into question the clinical utility and cost
effectiveness of routine 5MBG in non-insulin-treated
patients",
In addition to self monitoring of blood glucose
some of the patients use HbAlc to monitor their
glycaemic control after every 3 months. Results from
this study showed that majority of the patients had
good glycaemic control 170 (65.4%) based on HbAlc.
This is different from a study done by Otieno et aPD
which was assessing the quality of glycaemic control
on ambulatory diabetic patients attending the clinic
at Kenyatta National Hospital and found out that
more than 60% of the patients attending the clinic
had poor glycaemic control. Poor glycaemic control
was presumed to be due to sub-optimal medication
and deteriorating diabetes.
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The histogram shows the distribution
of glycated
haemoglobin level in the study population. The range
was 4.1-10.8 and the mean was 6.67 with a standard
deviation of 1.18. The patients with good glycaemic
control constituted 65.4% of the study population.
Figure 4: Histogram showing distribution
albumin in the population (n=260)
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HbAlc measurements
have represented the gold
standard for the evaluation of glycaemic control
in diabetic patients for the past 30 yearsll,12. DCCT
demonstrated
that each 1% increase in HbAlc is
associated with an increase in mean blood glucose
concentrations
of Zmmol/I and this increased the
risk of progression
and development
of microvascular complications
in DM. The expert panel of
National Committee for Quality Assurance (NCQA)
has recently developed new targets of HbAIc target
of <8% they considered
that target of <6.5% is
difficult to achieve. The scoring was thereby revised
for the updated standard so that the percentage of
patients with acceptable levels HbAlc <8% are 40%.
It is recommended
that there be need to establish
population specific cut-off thresholds according to
ethnicity, age, gender and prevalence of DM.
The ADA recommends assessing HbAlc at least 2
times a year in patients who are meeting treatment
goals and have stable glycemic control and quarterly
in those patients whose hypoglycemic therapy has
changed or those who are not meeting glycaemic
control goals. The results according to the glycayted
albumin showed that majority of patients 157 (60.6%)
had poor glycemic control while 102 (39.4%) had
good glycaemic control (Figure 4).
Glycated albumin has been reported as a rapid
and useful indicator of glycaemic control since the
turnover of serum albumin is much shorter (half life
of 17 days) than that of HbAlc. Circulating albumin
is strongly glycated at 4 sites of lysine residues and
the glycation reaction occurs ten times more than
in HbAlc. This implies that
glycaemic fluctuation
and excursion would influence glycation in albumin
strongly7,10,12.
The study showed that there is a positive correlation
between GAand HbA1c. The linearity is represented in
the equation Glycated Albumin=3.63+97.39
(HbA1c).
2
The R value is 0.64. This compares to Nathan et
a[14 study which showed that correlation
coefficient
between HbA1c and GA was 0.747 and was highly
significant p < 0.001.
Another study which had differing results was a
Japanese study which was finding out whether GA
was a more useful tool to monitor rapidly changing
blood glucose than HbA1c. The study was performed
on patients hospitalized
for diabetes control (51
men and 47 women). Patients were administered
oral anti-diabetic drugs and 4-point self monitoring
of blood sugar (SMBG) tests daily then 7-point
5MBGtests were done the third and tenth hospital
day. GA and HbA1c were performed the second and
thirteenth hospital day. Results from the second day
demonstrated a good correlation of blood glucose
with HbA1c and GA (p=O.OOOl). However, on the
thirteenth day only GA correlated well with blood
glucose (p=O.OOOl) as opposed to HbA1c (p=0.019).
The study concluded that GA measurement
is more
accurate for determining
rapidly changing blood
glucose than HbA115.

CONCLUSIONS
More patients
showed
good glycaemic
control
based on HbA1c 170(65.4%) compared to glycated
albumin. There was correlation
between
HbA1c
and glycated albumin with R2 value of 0.64. There is
need to introduce glycated albumin as a method of
intermediate glycaemic control in the hospital.

REFERENCES
1. Takuji Kouzuma
TU. An enzymatic
method
for the measurement
of glycated albumin in
biological samples. Clin Chim Acta [Internet].
2002; 324(1-2):61-71.
Available from: http://
www.researchgate.net/publication/11185051_
An_enzymatic_methodjor
_the_measurement_oC
glycated_albuminjn_biologicatsamples
2. Diabetes UK, UK Diabetes Resource, Diabetes
Symptoms, Diabetes Diet, Gestational Diabetes
[Internet]. [cited 2015 [un 21]. Available from:
http://www.diabetes.co.uk/
3. Roohk HV and Zaidi AR. A review of glycated
albumin
as an intermediate
glycation index
for controlling diabetes. ] Diabetes Sci Technol
[Internet].
2008 Nov [cited 2015 [un 21];
2(6):1114-21.
Available from: http.y /www.ncbi.
nlm.nih.gov /pmc/articles/PMC27
69832/
4. ADA
Diabetes
Management
Guidelines
A1C
Diagnosis I NDEI [Internet]. [cited 2015 [ul 3].
Available
from:
http://www.ndei.org/
ADAdiabetes-management-guidelines-diagnosis-A1Ctesting.aspx
5. Araki T, Ishikawa Y, Okazaki H, Tani Y, Toyooka S,
Satake M, et aJ. Introduction of glycated albumin
measurement
for all blood donors and the
prevalence of a high glycated albumin level in
Japan. ] Diabetes Investig [Internet]. 2012 Dec
[cited 2015 [un 21]; 3(6):492-7. Available from:
http://onlinelibrary.wiley.com/
doi/1 0.1111/
j.2040-1124.2012.00224.x/abstract
6. Ya-Chun Chuang K-CL. Detection of glycated
hemoglobin
(HbA1c)
based
on impedance
measurement
with parallel electrodes integrated
into a micro fluidic device. Sensors Actuators
B Chern [Internet].
2012;171-172:1222-30.
Available
from: http://www.researchgate.net/
publicatiorr/Z 716183 73_DetectiQ,8t.oCglycated_
hem 0 gl 0 bi n_ (HbA 1 c) _bas e d_ 0 n_i m p eda n ce_
rn eas u re men t_ wi th_p a ra 11 e l_e Ie ctro d es_
integratedjnto_a_microfluidic_device
7. Ikeda K, Sakamoto Y,Kawasaki Y,Miyake T, Tanaka
K, Urata T, et al. Determination of glycated albumin
by enzyme-linked boronate immunoassay (ELBIA).
C!in Chern [Internet]. 1998 Feb [cited 2015 [un
21]; 44(2):256-63.
Available from: http.y /www,
clinchern.org/ content/ 44 /2/256

28

EAJP December, 2015; Vol, 2: 25 - 29

,'.----------------

East African Journal of Pathology
12.

8.

Mashiba S, Uchida K, Okuda S and Tomita S.
Measurement
of glycated
albumin
by the
nitro blue tetrazo!ium colorimetric method. C!in
Chim Acta [Internet]. 1992 Nov; 212(1-2):3-15.
Available from: http://www.ncbi.nlm.nih.gov/
pubmed/1486680
9. Bailey TS, Zisser HC and Garg SK. Reduction in
hemoglobin A I c with real-time continuous glucose
monitoring: Results from a 12-week observational
study. Diabetes Technol Ther. 2007; 9(3):203-210.
10. Otieno CF, Kariuki M and Ng'ang'a L. Quality of
glycaemic control in ambulatory diabetics at the
out-patient clinic of Kenyatta National Hospital,
Nairobi. East Afr Med J 2003; 80(8):406-410.
11. Glycated
serum protein (Glycated
albumin)
[Internet]. [cited 2015 Jun 21]. Available from:
http://www.diazyme.com/glycated-serum-proteinglycated-albumin

EAJP December,

2015; Vol. 2(1): 25 - 29

13.

14.

15.

29

----------------1f

Tuchin VV, Wang RK, Galanzha EI, Elder JB and
Zhestkov OM. Monitoring of glycated hemoglobin
by OCT measurement of refractive index. In 2004.
p.66-77.
Chuang YC, Lan KC, Hsieh KM, Jang LS and Chen
MK. Detection of glycated hemoglobin (HbA I c)
based on impedance measurement with parallel
electrodes integrated into a microfluidic device.
Sens Actuators B Chem. 2012; 171-172: 1222-1230.
Nathan DM, McGee P, Steffes MW, Lachin JM,
Group the DR. Relationship of glycated albumin to
blood glucose and HbAlc values and to retinopathy,
nephropathy, and cardiovascular outcomes in the
DCCT/EDTC study. Diabetes. 2014; 63( I ):282-290.
Ricks J, Molnar MZ, Kovesdy CP, Shah A,
Nissenson AR, Williams M, et al. Glycemic control
and cardiovascular
mortality in hemodialysis
patients with diabetes. Diabetes. 2012; 61(3):708-715.

