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Background and aims. Glycated albumin is a glycemic marker useful in short-
term monitoring and in situations when a glycated hemoglobin test is not reliable.
This study aims to evaluate glycated albumin levels and its associated factors in
normoglycemic adults from Southern Brazil.

Method. 136 individuals, without diabetes or pre-diabetes, were included in this
cross-sectional study. Levels of glycated albumin, glycated hemoglobin, and other
biochemical markers were measured.

Results. Glycated albumin levels ranged from 11.1% to 17.5% (2.5" and 97.5"
percentiles). Glycated albumin/glycated hemoglobin ratio was 2.84+0.2. Glycated
albumin did not differ according to gender and age groups. However, in overweight
individuals, levels of glycated albumin and glycated albumin/glycated hemoglobin
ratio were lower and weakly and negatively correlated with body mass index.

Conclusions. Glycated albumin levels in Brazilians were similar to those previously

described in other populations. Glycated albumin seems to be irrespective of gender
or age, but weakly correlated with weight. These aspects should be taken into

account in the interpretation of glycated albumin results.
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Background and aims

Currently, diabetes mellitus is one
of the chronic diseases with the highest
prevalence. Approximately 425 million
people in the world are said to have
diabetes and the trend is for increasingly
larger rates [1,2]. It is estimated that
almost 8.7% of the Brazilians, aged
from 20 to 79 years have diabetes
[1]. Hence, improving diagnosis and
glucose monitoring methods are on high
demand and expected from the scientific
community.

Traditionally, glycated hemoglobin
(Alc) is recommended for the assessment
of glycemic control in all patients with
diabetes. More recently, it is also a test
of choice to diagnose diabetes [2]. Alc
is a long-term glycemic marker strongly
related to diabetic chronic complications
[3]. However, its use is not recommended
when interfering situations of hemoglobin

metabolism are present [4]. Thereby, in
cases such as anemia, iron deficiency,
hemoglobinopathies, chronic renal disease
and pregnancy, this marker may provide
falsely increased or decreased results and
should be avoided [4-6].

Glycated albumin (GA) is another
potential marker in the screening/
diagnosis and monitoring of diabetes [7].
It is a glycated serum protein that has
been widely studied in the last decade,
since the development of a new enzymatic
methodology for its analysis [7-9].
GA reflects short-term average blood
glucose, it is not influenced by the clinical
conditions that alter Alc results and may
be more sensitive to capture variations in
blood glucose levels when compared to
Alc [7,10]. In clinical practice, GA/Alc
ratio has been described as a good marker
of postprandial glycemia and blood
glucose variability [11]. However, GA is
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still not commonly used in clinical laboratories and there
is no international consensus about its reference interval.
In the literature, several studies have determined
the GA levels in populations with and without diabetes.
However, most of these studies were carried out in Japan
or in other Asian countries [5,12-14]. Some authors have
suggested that there is an ethnic influence on glycated
proteins levels [15], including the GA levels [6,16], but
this issue warrants additional studies. Data providing GA
normal ranges in people from other regions such as Europe
[17] and Northern America [6] are already available, but
no study was carried out in Southern America. Moreover,
the influence of gender, weight, and age on GA values is
not entirely elucidated [5,13,18,19]. Therefore, we aimed
to evaluate the levels of GA and their associated factors in
normoglycemic individuals from southern Brazil.

Methods

Subjects

Adult and apparently healthy volunteers from
Porto Alegre, Southern Brazil, without a known history of
diabetes or prediabetes (fasting glucose <100 mg/dL, and
Alc<5.7%) [2], and without using oral antidiabetic agents
were enrolled in this study. We excluded participants
who, by self-report, indicated any comorbidity or
condition that could affect Alc or GA levels, such as
hypothyroidism, hyperthyroidism, cirrhosis, pregnancy,
erythropoietin treatment or any other chronic condition.
We also excluded those individuals with increased risk
for kidney disease by glomerular filtration rate (if <60
mL/min/1.73 m?), anemia (if hemoglobin <13.0 g/dL for
male, or <12.0 g/dL for female), or with abnormal serum
albumin concentration (<3.0 g/dL and >5.0 g/dL). This
cross-sectional study was disclosed by social media for
recruitment of volunteers and was approved by the local
Ethics Committee, under number GPPG 13-0440. All
participants signed the informed consent beforehand.

Blood sampling

The volunteers underwent clinical evaluation
and had peripheral blood samples collected in the
morning after an overnight 8h-fasting. Two specimens
of blood were obtained: one preserved in K2EDTA
(BD Vacutainer® EDTA K2 4 mL, Becton Dickinson,
Franklin Lakes, NJ) and one without anticoagulant (BD
SST® II Advance® 5 mL, Becton Dickinson, Franklin
Lakes, NJ). Serum was obtained from the second sample
by centrifugation (3000xg, 10 min) no longer than 30
minutes after venipuncture. All samples were frozen at
-80°C and thawed only once at 4°C temperature on the
day of the analyses.

Laboratory analysis

GA was determined in serum samples using
an enzymatic methodology (GlycoGap®, Diazyme,
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California, USA). GlycoGap® GA assay quantifies the
total of glycated serum proteins (GSP umol/L) and the
following math equation converts them into GA% = (GSP
x 0.182 + 1.97/ total albumin) x 100 [20]. The intra-
assay repeatability of GlycoGap® kit in our laboratory
was 3.5% [21]. We calculated the GA/Alc ratio, using
levels of Alc converted to “%”, as recommended by
National Glycohemoglobin Standardization Program
(NGSP). Serum samples were also used to measure total
albumin by bromocresol green colorimetric method;
creatinine by Jaffe colorimetric method; fasting glucose
(FQ), triglycerides (Tg), total cholesterol (TC) and high-
density lipoprotein (HDL) by enzymatic assays. All
analyses were run on a Cobas C501 chemistry analyzer
(Roche Diagnostic, Mannheim, Germany). Low-density
lipoproteins (LDL) were estimated by Friedewald
formula, if Tg <400 mg/dL (4.52 mmol/L) (LDL = TC —
[HDL + (1/5 Tg)]). Glomerular filtration rate (GFR) was
calculated using Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [22]. Alc was
measured by high performance liquid chromatography
(HPLC) method (VARIANT II™ System, Bio-Rad,
California, EUA) in K2EDTA samples.

Statistical analysis

GA levels are expressed as % and categorized
by gender and age. Reference intervals of GA were
expressed as 2.5" to 97.5" percentile. Other values were
expressed as mean + standard deviation (SD), median
(interquartile interval) or frequencies (%) as appropriate.
Shapiro-Wilk test was used to verify the normality of
variables. Pearson’s correlation was applied to analyze
the association between variables with both normal
distribution and linear correlation, according to the
scatter plot. When the criteria to use Pearson’s coefficient
was not fulfilled, Spearman’s coefficient was calculated.
Independent-Samples T test was used to compare GA
levels between genders and body mass index (BMI)
categories (< and > 25 kg/m?), and One-way ANOVA
to evaluate GA between age groups defined by quartile
intervals. Statistical analysis was performed using the
Statistical Package for Social Sciences® (SPSS, version
20.0) software and results were considered as statistically
significant when P<0.05.

Results
One hundred thirty-six apparently healthy
individuals were enrolled. Their laboratory and

demographic characteristics are presented in table 1.

GA levels ranged from 11.1% to 17.5% (2.5
and 97.5™ percentiles, respectively). The values of GA
stratified according to gender and age are presented in
table II.
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Table I. General features of the study participants.

136
Age (years) 33 (18-74)
Female, N (%) 81 (60)
Caucasians, N (%) 125 (92)
FG (mmol/L) 49+0.5
(mg/dL) 88.0+9.0
Alc (%) 53+0.2
(mmol/mol) 34+22
Albumin (g/L) 439+3.7
(g/dL) 44+04
BMI (kg/m?) 23.7(21.4-25.7)
Tg (mmol/L) 1.0 (0.8 —1.5)
(mg/dL) 88.5(70.8 - 132.7)
TC (mmol/L) 47+1.0
(mg/dL) 181.5+38.6
HDL (mmol/L) 14+04
(mg/dL) 54.1+£15.4
LDL (mmol/L) 2.7+0.9
(mg/dL) 104.2 +£34.7
Creatinine (umol/L) 73.4+15.9
(mg/dL) 0.83 +£0.18
GFR (mL/min/1.73m?) 101.3+18.9

FG: fasting glucose; Alc: glycated hemoglobin; BMI: body
mass index; Tg: triglycerides; TC: total cholesterol; HDL:
high density lipoprotein; LDL: low density lipoprotein; GFR:
glomerular filtration rate. Data are presented as mean + SD,
median (interquartile interval) or median (min-max; for age).

GA/Alc ratio was 2.840.2. There was no
significant difference in GA results between males and
females (Table 2). When participants were grouped
according to quartiles of age [up to 26 years (n=35); 27
to 33 years (n=35); 34 to 48 years (n=35); and 49 years or
older (n=31)] there was no difference in GA levels among
groups (p=0.516). We repeated the analysis considering
the decade of life, but the same result was achieved (data
not shown). However, overweight/obese individuals
(BMI >25 kg/m?) presented lower GA levels (Figure 1)
and GA/Alc ratio (p=0.001), although Alc results did

not differ between groups (p=0.396). Between the BMI
groups, there was no difference in age or gender. As most
of the volunteers were Caucasians, we did not perform a
comparison between GA and ethnic groups.

16.0 1 —‘7

14.0 4

%GA

12.0 1

10.0 P =0.017

BMI <25 kg/m? BMI =25 kg/m?

Figure 1. Box-plot of GA levels stratified by BMI <25 kg/
m? (N=91) and >25 kg/m? (N=45). P-value was obtained by
Independent-Samples T test.

GA showed a weak to moderate statistically
significant correlation with Alc (R=0.34, p<0.001),
but no correlation was found to GA and FG, Alc and
FG, nor to GA/Alc and FG. GA and GA/Alc ratio
were weakly negatively correlated with BMI (Figure 2)
(R=-0.25, p=0.004; R=-0.27, p=0.001, respectively).
Among the glycemic markers, only GA/Alc ratio
presented correlation with Tg levels (R=-0.27, p=0.002).
No correlation was found between the glycemic markers
and TC, HDL, LDL, creatinine, or GFR.

Table II. GA levels in normoglycemic Southern Brazilians categorized by gender and age.

__ﬂ-'.-

136 55 (40%) 81 (60%)
GA Mean (%) 14.7 14.4 14.9
SD 1.6 1.7 1.5
IC 95% 14.4-15.0 140-149 146-152
5%p 11.5 11.2 12.1
10*p 12.6 12.0 12.9
90" p 16.9 16.8 17.1
95" p 17.2 17.2 17.3
Amplitude 7.4 7.4 7.0

35(26%)  35(26%)  35(26%)  31(22%)

0087 150 14.7 14.4 147 0516
14 1.8 1.5 1.6
145-155 141-153 13.9-150 14.1-153
12.8 11.2 11.0 11.9
13.0 114 12.6 12.6
172 16.8 16.6 17.0
17.4 174 17.1 17.6
53 7.0 6.7 6.5

Age 1: 18 to 26 years; Age 2: 27 to 33 years; Age 3: 34 to 48 years; Age 4: 49 to 74 years; SD: standard deviation; IC: 95% confidence
interval for mean; p: percentile; Amplitude: maximum GA value — minimum GA value. Values are expressed as %GA. P-value was

obtained by independent samples T-test or One-Way ANOVA.
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Figure 2. Correlations between GA (R=-0.25, p=0.004) and GA/Alc ratio (R=-0.27, p=0.001) versus BMI.

Discussion

This study evaluated GA levels and the associated
factors in Southern Brazilians without diabetes or
prediabetes. GA levels presented herein are similar to those
reported in other populations worldwide. GA values were
lower in overweight/obese individuals, and not affected
by age or gender. GA/Alc ratio showed a statistically
significant weak correlation to BMI and Tg.

At present, enzymatic assays to measure GA are
well standardized and have been automated for high
throughput analysis [6,20,21,23-25]. Lucica GA-L®
was the first enzymatic methodology launched on the
market [8]. It is currently the method most employed for
diabetes management and in clinical research in Asian
countries [7,10,24]. Nevertheless, GlycoGap® kit is the
only enzymatic assay that has been approval by the Food
and Drug Administration in the United States (USA) [10]
and The Brazilian National Health Surveillance Agency.
However, GA results measured by GlycoGap® and Lucica
GA-L® have shown a good correlation and concordance
[20,23].

There are only two studies that assessed the levels
of GA in adults without diabetes using GlycoGap® GA
kit. Abidin et al. found an interval of 10.4% to 15.7% (n=
130) [20], whereas Rodriguez-Capote et al. reported GA
levels ranging from 10.5% to 17.9% (n= 44) [23]. The first
one studied African Americans [20], and the second is a
Canadian study [23] that did not provide information about
the ethnic group of the participants. The slight differences
observed between our results in Southern Brazilians with
those in the literature, using the same methodology, might
be explained by demographic and ethnic disparities [16].
Moreover, our results are similar to those obtained with

MEDICINE AND PHARMACY REPORTS Vol. 94 / No. 2 /2021: 170 - 175

Lucica GA-L® method, regardless of the population and/
or ethnicity studied [5,6,12-14,17,25,26].

In subjects without diabetes, it seems there is a
moderate fluctuation in the GA/Alc ratio, ranging from
1.9 to 2.7 in Japanese, Chinese and Korean individuals
[5,11,19,27]. In our study, we found a higher GA/Alc
ratio, around 2.8 + 0.3. However, Asian individuals present
higher Alc values when compared to Caucasians [15].
Increased Alc levels may account for decreased GA/Alc
ratio and should be considered when different ethnicities
are evaluated.

It is well known that there are ethnic differences in
Alc levels and that African-Americans have higher Alc
than Caucasians [15,16]. Some investigations have already
demonstrated the same pattern in GA results between African-
Americans and Caucasians [6,16], but no comparisons
have been shown for other ethnic groups. In our study we
did not evaluate GA levels considering the ethnicity, due to
the very high prevalence of Caucasians in our study. This
corroborates with the ethnic distribution in Southern Brazil
regarding government agencies’ reports [28].

We did not observe differences in GA results
regarding gender. This is a conflicting issue in the literature.
Kohzuma et al. [6] and Furusyo et al. [5] reported similar
GA results in males and females, although Araki et al. [24]
and Ikezaki et al. [18] found higher GA levels in Japanese
women, same as Zhou et al. [14] in Chinese females. On
the other hand, Hsu et al. [13] described higher GA levels
only in Taiwan women without diabetes, when compared to
those with diabetes. Our results showed similar GA values
for men and women.

It is known that GA is lower in infants than in adults
due to both plasma glucose and protein levels that are lower
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in infants. However, pathological conditions that influence
albumin metabolism might affect GA levels independently
of age group [10]. In this study, no differences were
observed in GA levels regarding age, which was expected,
since we evaluated only apparently healthy adult volunteers.
However, Furusyo et al. [5] and Araki et al. [24] reported
that GA was higher in older individuals. Besides, Wu et al.
[9] have also found that GA is positively associated with
age. These discordant results could be explained by the
selection criteria of these studies, which did not exclude
patients with prediabetes, while our study evaluated only
normoglycemic individuals. Therefore, it may be speculated
that these higher GA levels in older subjects were due to an
increase in plasma glucose itself.

In this study, overweight/obese volunteers (BMI
>25 kg/m?) presented lower GA levels, corroborating with
the negative correlation found between GA and GA/Alc
ratio with BMI. Similar findings were previously reported
[18,29,30]. Hsu et al. evaluated the effect of BMI on GA/
Alc ratio according to glucose tolerance status [13] and
reported that individuals with normal glucose tolerance
presented the strongest inverse correlation between BMI
and GA/Alc ratio, and it was not influenced by any other
variable. However, in prediabetes and type 2 diabetes
groups, this correlation was respectively weaker, and GA/
Alc ratio showed to be primarily influenced by FG and
postprandial serum glucose levels rather than BMI. These
results suggest that, even though body weight influences
negatively GA levels, overweight/obese subjects in a
prediabetes state may be accurately monitored by GA/
Alc ratio [13]. Additionally, He et al. recently described
an independent and negative association between GA and
GA/Alc levels with BMI, in both patients with and without
diabetes. They showed that for every 1 kg/m? increment in
BMI, GA absolute values decreased by nearly 0.13% [30].
Furthermore, it has been hypothesized that an increase in
fat mass, in addition to the high release of inflammatory
adipokines, leads to lower albumin synthesis and raised
albumin turnover [18,29]. Besides, the effect of insulin on
albumin turnover is unclear [29]. Indeed, the mechanisms
that explain the relationship between GA and obesity is a
question still open to debate.

Normoglycemic participants in this study showed a
weak correlation between GA and Alc, but no association
was seen with FG. Such data in subjects without diabetes
are rare in literature to allow any comparison. However,
since healthy individuals are supposed to have low glucose
variations, a weak association between GA and Alc may
be expected. Tg levels were negatively correlated to GA/
Alc, which is in agreement with Park’s et al. findings [11].

One limitation of this study was the relatively small
sample size, although in agreement with international
recommendations [31]. Another drawback was that we
evaluated the presence of hypothyroidism, hyperthyroidism,
and cirrhosis only by self-report. On the other hand, the
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participants were carefully selected to exclude those with
prediabetes or diabetes. Besides, as far as we know, this
study is the first to provide information about GA levels in
Brazilians and to explore its associated factors of variation.

Conclusions

In conclusion, GA levels in Brazilians were similar
to those previously described in other populations and/or
ethnicities. However, ethnicity, lifestyle, and nutritional
habits differences may account for the slight discrepancies
in GA values among different regions worldwide. Our data
show that GA values are irrespective of sex or age and
present a weak correlation with weight in normoglycemic
subjects. These factors should be considered in the
interpretation of GA results.
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