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Abstract

Background: The metabolic syndrome is a major and esca-
lating public-health problem. It is a predisposing factor of car-
diovascular disease .Cardiovascular disease is a leading cause
of morbidity and mortality all over the world. Studies have
shown that subjects having pre-diabetes are also at a high risk
for CVD. Pre-diabetesrefers to an intermediatestage between
normal glucose toleranceand overt T2DM, Glycated albumin
reflects short-term (2-3 weeks) mean glycemic levels. GA val-
ues, unlike HbAlc, are not affected by changes in erythrocyte
lifespan.

Aim of Study: The aim of the study is to correlate between
HbAlc, glycated albumin and cardiovascular risk factors in
prediabetic metabolic syndrome patients.

Patients and Methods: One hundred pre-diabetic patients
diagnosed as metabolic syndrome were subjected to full histo-
ry taking and examination, full anthropometric measurements,
laboratory tests including: FBS, uric acid, HbAlc, lipid profile,
glycated albumin levels, urea, creatinine and A/c ratio.

Results:Our study showed that anthropometric measures
including weight, waist circumference, neck circumference,
hip circumference, triceps thicknesswere all negatively corre-
lated to glycated albuminwith p-values (<0.001, 0.003, <0.001,
0.007, 0.014) respectively. On the other hand weight, waist
circumference, neck circumference and subscapular skin fold
thickness were positively correlated to HbAlc level with p-val-
ues (<0.001, 0.01, 0.016 and 0.009) respectively.

Regarding metabolic syndrome and cardiovascular risk
factors, Triglyceride levels are negatively correlated to HbAlc
levels (p-value 0.01). LDL levels are positively correlated to
HbAlc levels (p-value 0.02). BMI is negatively correlated to
glycated albumin level (p-value <0.001) but positively correlat-
ed to HbAlc level (p-value <0.001). As for pre-diabetes, fasting
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blood sugar is positively correlated to glycated albumin levels
(p-value 0.002) with no statistical correlation to HbAlc levels.

Conclusion: Both glycated albumin and HBA1c ate cot-
related to anthropometric measures hence their importance in
assessment of obesity. HbAlc is more correlated to metabolic
syndrome and cardiovascular risk factors than glycated albu-
min. Glycated albumin showed positive correlation to FBG,
thus can be used for diagnosis of pre-diabetes especially when
combined with HbAlc.

Key Words: Metabolic syndrome — HbAl ¢ — Glycated albumin
— Cardiovascular risk factors — Pre-diabetes.

I ntroduction

THE metabolic syndrome (MetS) is a major and
escalating public health problem and clinical chal-
lenge worldwide in the presence of urbanization,
surplus energy intake, increasing obesity, and sed-
entary life habits. MetS confers a fivefold increase
in the risk of type 2 diabetes mellitus (T2DM) and
twofold the risk of developing cardiovascular dis-
ease (CVD) over the next 5 to 10 years [1].

A subject has the MetS if he or she has three or
more of the following criteria: Abdominal obesity:
WC -102cm in men and -88cm in women, Hyper-
triglycetidemia: -150mg/d1, Low HDL-C: <40mg/
dl in men and <50mg/d1 in women, High blood
pressure (BP): >130/85mmHg, High fasting glu-
cose levels: >110mg/d1 [2].

Cardiovascular disease is a leading cause of
morbidity and mortality all over the world. Studies

have shown that subjects having pre-diabetes are
also at a high risk for CVD [3].

Pre-diabetes is a condition that precedes diabe-
tes and it is diagnosed according to American Dia-
betes Association (ADA) by the following criteria:
Impaired Fasting Glucose (IFG) is defined as Fast-
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ing Plasma Glucose (FPG) levels between 100 and
125mg/dL, Impaired Glucose Tolerance (IGT) as
2 hours plasma glucose during 75-g Oral Glucose
Tolerance Test (OG"TT) levels between 140 and
199mg/dL and HbAlc level between 5.7 to 6.4%

[4].

Glycated albumin (GA) is a ketoamine, which
is formed by non-enzymatic glycation of serum
albumin. It reflects short-term (2-3 weeks) mean
glycemic levels [5]. GA values are not affected by
changes in erythrocyte lifespan, and measurement
of GA is not influenced by anemia or other condi-
tions which invalidate HbAlc measurements in the
diagnosis of diabetes [5].

HBA1c combined with glycated albumin im-
proves detection of pre-diabetes. Studies have found
that glycated albumin can identify pre-diabetes not
detected by HBAIc [6].

Many studies have shown strong positive cor-
relation between HbAlc levels and existing CVDs
risk factors. Also many studies presented HbAlc
as an independent predictor of cardiovascular risk
[7]. On the other hand, studies showing the role of
glycated albumin in assessing the cardiovascular
risk in pre-diabetic metabolic syndrome patients are
lacking, which is a field requiring further studies.

Material and Methods

The study is a cross sectional observational study
that was designed to analyze data from 100 Egyp-
tian patients with metabolic syndrome based upon
the American Heart Association 2004 guidelines for
diagnosis of metabolic syndrome and Pre-diabetes
diagnosed by ADA guidelines and age ranging from
18-50 years.

All patients were chosen from internal medicine
department, endocrinology, nutrition and diabetes
outpatient clinic inKasr EI Aini teaching Hospital of
Cairo University from August 2019 to August 2020.

Patients were recruited according to the follow-
ing inclusion criteria: Egyptian patients, aged from
18 to 50 years, fulfilling the criteria of metabolic
s;lgndrome, with documented lab evidence of pre-di-
abetes.

Metabolic syndrome was defined as any 3 out
of the following: Abdominal obesity: WC -102cm
in men and -88cm in women; Hypertriglyceridem-
ia: -150mg/d1; Low HDL-C: <40mg/d1 in men and
<50mg/d1 in women; High blood pressure (BP):
>130/85mmHg; High fasting glucose: >110mg/d1

[2].

Pre-diabetes was defined by the following crite-
ria:Impaired Fasting Glucose (IFG): Defined as fast-
ing blood glucose levels between 100 and 125mg/
dL; Impaired oral glucose tolerance test (OG'TT);

Risk Factorsin Pre Diabetic Metabolic Syndrome Patients

defined as plasma glucose 2 hours after ingestion-
of 75-g OG'TT levels ranging between 140 and 199
mg/dL; HbAlc level from 5.7 to 6.4%.

Exclusion criteria were: Patients younger than
18 years or older than 50 years, anemia, chronic liv-
er disease, chronic kidney disease, thyroid disease,
malignancy and heart failure.

All patients signed a written informed consent
after detailed explanation of study procedure, ex-
pected risks, and anticipated benefits. All the pa-
tients were subjected to detailed history taking and
clinical examination. Anthropometric measures
were done to assess the degree of obesity and fat
distribution in the study group.

Body weight and Height were measured in light
clothing and without shoes to the nearest 0.5kg, us-
ing calibrated scales.

BMI was calculated as weight ;kg) divided by
height squared (mz): (Weight (%g)) (Height in me-
ters)“. It is classified as overweight (BMI 25-29.9),
class I obesity (BMI 30-34.9), class II obesity (BMI
35-39.9) and class III obesity (BMI-40) [8].

Waist circumference was measured in cm, be-
tween the lower rib margin and the iliac crest, with
subjects standing with their heels together, during
normal expiration with a non-stretchable measuring
tape, measures>88 cm in females and >102cm in
males are considered one of the ctiteria of metabolic
syndrome.

Hip circumference was measured in cm, using a
non elastic tape held horizontally without constrict-
ing it at the point that yields the maximum diameter
over the buttocks.

Triceps skin fold thickness was measured in
mm, is measured at the back of the left arm, midway
between the acromial process of the scapula and the
olecranon process of the ulna.

Sub-scapular skin fold thickness was measured
in mm, it is picked up just under the lower angle of
the scapula.

Supra-iliac skin fold thickness was measured in
mm, is measured just above the iliac crest on the
mid-axiliary line (over the wing of the left scapula,
in plane of dermatome).

Neccircumference is measured in cm, was
measured from the level just below the laryngeal
prominence perpendicular to the long axis of the
neck, it is a potentially useful initial screening tool
for overweight/obesity. A neck circumference > or
= 35.5cm in men and > or = 32cm in women should
be considered the cutoff point for overweight/obe-
sity [9,10].
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Laboratory tests including: FBS, HbAlc, lipid
profile, glycated albumin levels, urea, creatinine,
uric acid and A/c ratio were withdrawn for all pa-
tients. For measurement of glycated Albumin, the
kit is composed of GSP Assay and Albumin Assay.
The GSP Assay uses proteinases to digest serum
proteins including glycated protein molecules into
low molecular weight glycated protein fragments
(GPF), and uses Fructosaminase, a microorganism
originated amadoriase to catalyze the oxidative deg-
radation of Amadori product GPF to yield protein
fragment (PF), glucosone and H202. The suggested
upper limit of the nondiabetic range of glycated Al-
bumin can vary between 10.4% to 15.7% [11].

Fasting lipid profile by which patient is con-
sidered having dyslipidemia if serum cholesterol
>200mg/dL, triglycerides >150mg/dL. Albumin
creatinine ratio was measured by dividing urinary
albumin in mg/L by utinary creatinine in gm/L in
spot urine sample: Normo-albuminuria with ACR:
<30mg/gm creatinine, moderately increased albu-
minuria with ACR 30mg-300mg/gm cteatinine, and
severely increased albuminuria (macro-albuminu-
tia) with ACR >300mg/gm creatinine.

Ethical consideration:

Study protocol and informed consent were sub-
mitted for Institutional Review Board and Ethical
Committee at The Internal Medicine Department of

Cairo University and approval was granted on 8.12.
2019 with the acceptance Code: MS-224-2019.

Satistical analysis:

All data was entered into a Microsoft Excel
sheet.Statistical analysis of data was done by IBM
computer using SPSS (statistical program for so-
cial science version 21). Description of quantitative
variables was expressedas mean, standard deviation
(SD), Median and iqr. Description of qualitative
variables was expressed as number and percentage.
Chi-square test was used to compare qualitative
variables between groups. Fisher exact test was
used when one expected cell or more are less than
5. Mann Whitney test was used instead of unpaired
t-test in non-parametric data (SD >30% mean).
Kruskal wallis test used instead of one wayanova
in non-parametric data (SD >30% mean). Regres-
sion analysis was done to calculate correlation co-
efficients with greater accuracy and probable causal
relationships. p-value >0.05 insignificant, p<0.05
significant. p<0.01 highly significant [12].

Results

A full set cross sectional observational study
was designed to analyze data from 100 (88 females
and 12 males) Egyptian patients with metabolic
syndrome. The patients' age ranges from 27 to 50
years with mean value 38.218.03 years and median
39 years.
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Table (1): Sex distribution among the study group.

Sex N %
Female 88 88.0
Male 12 12.0

Table (2): Age of subjects in the study group.

Mean+ SD Median (IQR) Minimum Maximum

Age  382:8.03 39 (30:45) 27:50

Regarding anthropometric measures:. Weight,
waist circumference, neck circumference, hip cir-
cumference, triceps thicknesswere all negative-
ly correlated to l[;fcated albuminwith p-values
(<0.001, 0.003, <0.001, 0.007, 0.014) respective-
ly. On the other hand weight, waist circumference,
neck circumference and su%)scapular skin fold thick-
ness were positively correlated to HbAlc level with
p-values (<0.001, 0.01, 0.016 and 0.009) respec-
tively.

Table (3): Correlation between HbAlc, glycated albumin and
anthropometric measures.

Glycated Albumin HbAlc
r p-value r p-value
Weight —0.377  <0.001 0393  <0.001

Height 0.094 0.354 0.082 0.417
Waist circumference —0.289  0.003 0257 0.01

Hip circumference —0.266  0.007 0.174  0.084
Triceps skin fold —0.246 0.014 0.005 0.962
Supra-iliac skin fold 0.086 0.395 0.142  0.159
Sub-scapular skin fold ~ 0.04 0.693 0259 0.009
Neck circumference —0.426  <0.001 0241 0.016
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Fig. (1): Showing correlation between Glycated albumin and
Hip circumference: There is a negative statistical cor-
relation between glycated albumin and hip circumfer-
ence (p-value 0.007).
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Fig. (2): Showing cotrelation between glycated albumin and
Triceps skin fold: There is a negative statistical cor-
relation between Glycated albumin and Triceps skin
fold (p-value: 0.014).
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Fig. (3): Showing correlation between Glycated albumin and
neck circumference: There is a highly significant neg-
ative statistical correlation between glycated albumin
and neck circumference (p-value <0.001).

Regarding metabolic syndrome variables, Tri-
glyceride levels are negatively correlated to HbAlc
levels (p-value 0.01). LDL levels are positively cor-
related to HbAlc levels (p-value 0.02). Regarding
pre-diabetes, fasting blood sugar is positively cor-
related to glycated albumin levels (p-value 0.002)
with no statistical correlation to HbAlc levels.

Among the cardiovascular risk factors, BMI
is negatively correlated to glycated albumin level
(p-value <0.001) but positively correlated to HbAlc
level (p-value <0.001).

There is no significant statistical correlation be-
tween glycated albumin and HbAlc levels.

Risk Factorsin Pre-Diabetic Metabolic Syndrome Patients

Table (4): Showing correlation between HbAlc, glycated albu-
min and metabolic syndrome variables.

Glycated Albumin HbAlc

r p-value r p-value
FBS 0.307 0.002 0.082 0.417
TG 0.128 0.203 —0.258 0.01
HDL 0.167 0.097 —0.154 0.126
Cholesterol 0.032 0.751 0.029 0.777
LDL —0.006 0.956 0.233 0.02
Uric acid 0.102 0.312 0.041 0.684
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Fig. (4): Showing correlation between FBS and glycated albu-
min: Glycated albumin positively correlates to FBS
(p-value 0.002).
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Fig. (5): Showing correlation between HbAlc and triglycerides
(TG): HbAlc negatively correlates to triglycerides

(p-value 0.01).
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Fig. (6): Showing correlation between HbAlc and LDL levels:
HbAlc positively correlates to LDL levels (p-value
0.02).
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Table (5): Correlation between cardiovascular risk factors and
glycated albumin and HbAlc.

Glycated Albumin HbAlc
r p-value r p-value
Age 0.037 0.713 0.09 0.373
BMI —0.376 <0.001 0.415 <0.001
Hypertension 0.085 0.237 0.359 0.061
FBS 0.307 0.002 0.082 0.417
Sex 0.25 0.799 0.08 0.119
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Fig. (7): Showing correlation between HbAlc and BMI: There
is a highly significant positive statistical correlation
between HbAlc and BMI (p-value 0.001).
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Fig. (8): Showing correlation between glycated albumin (GA)
and BMI: A negative statistical correlation between
GA and BMI (p-value <0.001).

Table (6): Shows no correlation between HbAlc and glycated
albumin levels.

HbAlc Glycated Albumin
r p-value r p-value
HbAlc —0.07 0.492

Glycated Albumin —0.07 0.492
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Fig. (9): Showing statistical correlation between HbAlc and
glycated albumin levels: No statistical correlation be-
tween both.

Discussion

The metabolic syndrome (MetS) is a major and
escalating public-health problem and confers a
5-fold increase in the risk of type 2 diabetes mellitus
(T2DM) and 2-fold the risk of developing cardio-

vascular disease (CVD) over the next 5 to 10 years
[1]-

Thus, our study aim is to correlate glycated al-
bumin and HBA1c levels and cardiovascular risk
factors in pre-diabetic metabolic syndrome patients.
We correlated the levels of both glycated albumin
and glycated hemoglobin with anthropometric
measures, metabolic syndrome related variables
and cardiovascular risk factors variables.

Regarding anthropomettic measures, our study
showed negative correlation between BMI and gly-
cated albumin levels (p-value <0.001) but positive
correlation between BMI and HbAlc levels (p-val-
ue <0.001) which is cemented by various studies.

This expectedly agrees with many previous
studies like the study of Wen et al. They conduct-
ed a study on 3976 subjects which concluded that
glycated albumin levels has a negative correlation
to BMI, (p-value <0.001) and HbAlc has a posi-
tive correlation to BMI (p-value <0.001) [13]. Also,
a study from Japan demonstrated that BMI was an
independent negative risk factor for GA in 212 non
diabetic individuals (p-value <0.0001) [14].

Moreover, a study was conducted on 2562 pa-
tients who received an oral glucose tolerance test
at the hospital in Shanghai. The levels of GA were
independently and negatively correlated with BMI
regardless of diabetes status. For each lkg/m® in-
crease in BMI, the value of GA was reduced by ap-
proximately 0.13% [15].

The detailed mechanisms behind the inverse re-
lationship between central obesity and GA are not
well understood. Recent studies have suggested that
inflammation may play an important role. Obesity
is chronic low-grade inflammatory disease state.
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Inflammation reduces the rate of albumin synthesis
and increases its rate of catabolism, which ultimate-
ly leads to decreased level of serum albumin hence
low level of glycated albumin in obese people [14].

On the contrary, Miyashita et al. [16] indicated
that obese children had higher serum ALB than non-
obese children. Koga et al. [14] found no correlation
between BMI and ALB concentrations in a study
conducted on 228 Japanese subjects. Also, Yoshi-
uchi et al. [17] conducted a study on 163 patients,
93 of them type 1 DM and 75 of them type 2 DM
which failed to find any correlation between Glycat-
ed albumin and BMI.

In our study, waist circumference was nega-
tively correlated to glycated albumin level (R—mlue
0.003), but was positively correlated to HbAlc lev-
el (p-value 0.01).

In agreement with our study, a study conducted
on 1799 patients stated that waist circumference is
positively correlated to HbAlc (p-value <0.001) and
negatively correlated to glycated albumin (p-value
0.03) [18]. This was also supported by Wang F et al.
[19] in a study carried on 2563 patients with normal
glucose tolerance test that revealed that Glycated
albumin is negatively correlated to waist circumfer-
ence (p-value 0.001).

Another finding in our study is Hip Circumfer-
enceshowingnegative correlation to glycated albu-
min (p-value 0.007) and no correlation to HbAlc
level.

Agirbasli et al. [20] stated that hip circumference
is a good predictor for metabolic syndrome in chil-
dren with (p-value 0.009). Also, across-sectional
study involved 405 diabetic stated that hip circum-
ference appears to be a potential predictor of vis-
ceral fat estimate among type 2 diabetes patients,
which reflects increased cardiovascular risk [21].Un-
like our study, a study on 111 subjects, stated that
HbAlc was weakly correlated to hip circumference
(p-value 0.326) [22].

On the other hand, Wisgerhof et al. [23] found
independent and opposite associations of waist and
hip circumferences with HbAlc. Larger waist cir-
cumference and smaller hip circumference have
previously been shown to be associated with risk for
developing type 2 diabetes, independent of BML

Our study showed that neck circumference is
negatively correlated to glycated albumin level
(p-value <0.001), but it is positively correlated to
HbAlc level (p-value 0.016).

In a meta-analysis of observational studies by
Saneei et al., [24]. Neck circumference was positive-
ly correlated to HbAlc; although further investiga-
tions with prospective design are required to con-
firm these findings Borel et al. [25].

Risk Factorsin Pre Diabetic Metabolic Syndrome Patients

Found in a study carried on 305 obese }lzatients
that neck circumference was the only marker sig-
nificantly associated with all cardio metabolic risk
markers. Also Zhou et al. [26].

Stated that neck circumference measurement
is a simple and effective anthropometric index to
predict metabolic syndrome with cut-off value of

-37cm in males and -33cm in females among the
population of China. On the other hand Joshipura
et al. [27].

Stated that neck circumference can be used in-
stead of waist circumference and BMI in anthropo-
metric measures and it has no significant correlation
to HbAlc Ep—value 0.28) Our study showed that Tti-
ceps skin fold thickness is negatively correlated to
glycated albumin (p-value 0.014) and no significant
statistical correlation to HbAlc level. Moreno et al.
[28].

Stated that Triceps skin fold is a good predictor
for metabolic syndrome in children. Also, Ruiz-Ale-
jos et al. [29].

In a study suggested that skin fold thickness, if
used as part of routine assessments, might improve
the detection process of T2DM and Hypertension.

On the other hand, in Canada a study was done
on 7605 participants to compare the use of skin fold
measurement and the use of BMI and waist circum-
ference in predicting health risk, stated that BMI re-
fined by WC is related to health risk in the general
population. Additionally, Skin fold thickness does
not appear to add information to BMI and WC, and
it has poor reliability [30].

Regarding metabolic syndrome, our study
showed no significant correlation between Hyper-
tension and both glycated albumin and HbAlc. Fu-
koka et al. [31].

Supported this conclusion in a study conduct-
ed on 98 patients ESRD patients with diabetic ne-
phropathy showed that systolic BP and diastolic BP
were not correlated to neither HbAlc nor glycated
albumin. However, other studies stated that hyper-
tension is positively correlated to HbAlc (p-value
<0.001) but it has no correlation to glycated albu-
min [13,32].

Also, Notimatsu et al. [33] in a study carried on
244 consecutive patients reported that Hypertension
and GA levels were independent predictors of the
presence of coronary artery disease (CAD) in all
patients. Although GA was not a significant predic-
tor in the non-DM group, glycated albumin may be
superior to HbAlc as a marker for evaluating the
presence of CAD.

In our study, Triglycerides levels are negatively
correlated to HbAlc levels (p-value 0.01) with no
statistical correlation to glycated albumin levels.
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Tenebaum et al. [34] emphasized that hypertri-
glyceridemia has been a long unfairly neglected ma-
jor cardiovascular risk factor In agreement with our
study, Pu et al. [35] stated that there is no significant
statistical correlation between GA andtriglycerides
Also, Maruo et al. [36] stated that GA has no corre-
lation to triglycerides in a study conducted on 123
patients.

On the contrary, Sarkar S and Meshram A con-
ducted a study which showed no correlation be-
tween HbAlc and triglycerides [37]. Also, Wen et
al.(13) stated that triglyceridesare positively corre-
lated to HbAI ¢ (p-value 0.001) and negatively cor-
related to glycated albumin (p-value 0.001).

Another important finding in our study was
that LDL levels are positively correlated to HbAlc
(p-value 0.02) but showed no significant correlation
between LDL and glycated albumin.

Kidwai et al. [38] examined 142 patients with
type 2 diabetes mellitus and concluded that there is
positive statistical correlation between HbAlc and
LDL levels (p-value <0.05). Also, Chan et al. [39]in
a study on 517 subjects stated that LDL levels are
positively correlated to HbAlc levels. Moreover;
Pu et al. [35] stated that there was no statistical cor-
relation between LDL levels and glycated albumin
levels.

On the contrary; Furusyo et al. [5] conducted a
study on 1575 person which showed that LDL lev-
els are negatively correlated Glycated albumin and
ilO signiﬁcant correlation between HbAlc and LDL
evels.

Our study showed there were no significant cor-
relation between both Glycated albumin and HbAlc
levels and total cholesterol or HDL levels.

In agreement with our study, Sarkar et al. [37], in
a study 1nvolved 60 patients, stated that HbAlc is
not related to total cholesterol levels. Also Alzahra-
ni et al. conducted a study involved patients showed
that HbAlc levels has no significant correlation
with HDL levels [40].

Furusyo et al. [5] stated that cholesterol levels
are positively correlated to both GA and HbAlc
(p-value 0.013 and <0.001 respectively) and HDL
Levels are negatively correlated to both GA and
HbAlc (p-value 0.009 and 0.005 respectively).

Regarding pre-diabetes our study showed that
FBS was positively correlated to Glycated albumin
(p-value 0.02) but there was no significant statistical
correlation with HbAlc.

In 2008 Yoshiuchi et al. [17] conducted a study
on 163 patients, 93 of them type 1 DM and 75 of
them type 2 DM which showed that Glycated al-
bumin was positively correlated with FBS in both
Type 1 DM and type 2 DM (p-value 0.002, 0.0001
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respectively) but HbAlc was correlated to FBS in
Type 1 DM (p-value <0.0001) but not in type 2 DM.

Sumner et al. [41] conducted a study on 236 Af-
tican obese and non obese immigrant participants,
found that in non obese patients glycated albumin
is a better diagnostic test especially when combined
with HbAlc for prediction of pre-diabetes.

Xu et al. [18] stated that glycated albumin is
more convenient to use in clinical practice owing to
the reasonable evidence that non fasting measure-
ments of GA levels could be employed for diabetes
screening as well due its short half life and its corre-
lation to plasma glucose levels.

On the other hand Bazyar et al. [42] showed in a
study that HBAlc correlates positively with FBS in
Type 2 DM (p-value 0.001).

Our study showed that Creatinine level is posi-
tively correlated to glycated albumin level (p-value
0.005) and negatively correlated to HbAlc (p-value
0.004).

Inaba et al. [43] conducted a study on538 HD pa-
tients with type 2 diabetes, 828 HD patients without
diabetes, and 365 patients with type 2 diabetes and
normal renal function, it showed a negative correla-
tion between serum creatinine and HbAlc (p-value
0.04, 0.48 and 0.45 respectively) but no significant
statistical correlation between glycated albumin and
serum creatinine levels.

However; a study conducted on 307 diabetic
subjects of whom 258 were on hemodialysis and 49
were without overt renal disease, failed to show a
significant statistical correlation between serum cre-
atinine and HbAlc or glycated albumin [44].

Our study showed that A/C ratio is positively
correlated to HbAlc levels (p-value <0.001) with
no correlation to glycated albumin levels.

A studystudyconducated on 238 patients with
type 2 diabetes and found that HbAI C variabili-
ty is strongly associated with the development of
macroalbuminuria, especially patients under a mi-
croalbuminuria state (p-value <0.001) [32]. Also, a
prospective cohort study in Taiwan found that vari-
ability in HbAlc levels is a risk factor for the devel-
opment of microalbuminuria [45].

On the other hand, Yoon et al. [46] in a study
on 154 participants with a median follow-up of 2.8
years were enrolled in this retrospective longitudi-
nal study, stated that Mean GA levels, rather than
mean HbAlc levels, are more closely associated
with the progression of diabetic nephropathy.

Finally, our study showed no significant statisti-
cal correlation between HbAlc levels and glycated
albumin levels in pre-diabetic metabolic syndrome
patients.
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Zeng, Y. et al. [47] conducted a study on 3,414
participants which agreed with our finding that
HbAlc and GA values are inconsistent in the popu-
lation they studied.

On the contrary; Bellia et al. [48] conducted a
study which included 334 consecutive subjectsand
found thatGA was significantly correlated with
HbAle (+=0.31; p<0.0001). Also, Inaba et al. [43]
reported a slgnlﬁcant positive cortelation between
HbAlc and GA levels in their HD group (r=0.777,
p<0.001). Their study involved 538 HD patients
with type 2 diabetes.

Moreover; Kitajima, Y et al. [49] in a study con-
ducted on 133 diabetic patients undergoing hemo-
dialysis, it showed a significant positive correla-
tion was observed between GA and HbAlc levels
(r=0.562 , p<0.0001).

Tosummarize: Both glycated albumin and
HBAIlc are correlated to anthropometric measures
hence their importance in assessment of obesity.
HbAlc is more correlated to metabolic syndrome
and cardiovascular risk factors than glycated albu-
min Glycated albumin showed positive correlation
to FBG, thus can be used for diagnosis of pre-diabe-
tes especially when combined with HbAlc.
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