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Abstract. For women in the postmenopausal period, age‑related 
changes in the hormonal status are associated with a higher 
risk for type‑2 diabetes and its complications. The tissue 
injury caused by diabetic vascular complications can induce a 
release of sialic acid (SA) into the general circulation leading 
to increased levels. The present study is a cross‑sectional 
single center study of 77 women in the postmenopausal 
period. The subjects selected for the study were divided into 
two groups: i) The control group, which included postmeno‑
pausal women without type‑2 diabetes mellitus (n=27); and 
ii) a group of postmenopausal women diagnosed with type‑2 
diabetes (n=50). By analyzing how the serum values of SA 
were correlated with glycemia and glycated hemoglobin in the 
subjects with diabetes, it was determined that both parameters 
exhibited a strong positive correlation (P<0.0001) in the group 
with type‑2 diabetes. Therefore, SA may be considered as a 
potential marker for the screening, diagnosis or prognosis of 
type‑2 diabetes for postmenopausal women.

Introduction

Diabetes mellitus is a group of chronic metabolic diseases 
characterized by high blood sugar levels induced by defects 
in insulin secretion and/or insulin sensitivity (1,2). For women 
in the postmenopausal period, changes in the hormonal status 

can result in imbalances in glycemic metabolism, which may 
lead to type‑2 diabetes and the associated complications. Thus, 
postmenopausal woman have a higher risk for type‑2 diabetes 
mellitus, independently and additionally to aging (3).

Type‑2 diabetes mellitus, also known as non‑insulin‑ 
dependent diabetes, is significantly associated with a 10‑year 
reduced life expectancy (4). In 2016, the World Health 
Organization (WHO) estimated that diabetes was the seventh 
leading cause of death worldwide. In addition, diabetes is 
associated with a significant decrease in the quality of life and 
significant morbidity due to severe complications (5‑7). The 
frequency and severity of complications increase with the 
duration of the disease and patient age, and the most common 
complication is neuropathy followed by nephropathy and reti‑
nopathy (8,9).

Unlike type‑1 diabetes, type‑2 diabetes mellitus is preceded 
by a period of prediabetes (glucose intolerance), which consists 
of a period of ~7 years between the onset of the disease and 
the onset of symptoms, during which time microvascular and 
macrovascular complications can occur. The later the disease 
and its complications are detected, the more complex and 
expensive the treatment is (10‑12).

Regarding diagnostic and monitoring tools, it is known that 
measuring blood glucose levels allows the assessment of the 
current status of carbohydrate metabolism in diabetic patients 
at the time of blood sampling. By contrast, the determination 
of glycated hemoglobin (Hb A1c) provides a retrospective 
estimate of glycemic status, independent of circadian rhythm, 
diet and other transient fluctuations in blood glucose. Having 
been used for a long time exclusively as a marker for glycemic 
control, Hb A1c has recently been adopted by the WHO as a 
diagnostic test (13).

Sialic acid (SA) (or N‑acetylneuraminic acid), is an 
essential component of glycolipids and glycoproteins. Some 
glycoproteins form the terminal component of numerous 
acute‑phase proteins, such as α1‑antitrypsin, haptoglobin, 
α1‑antichymotrypsin and orosomucoid. In addition, SA acts as 
a co‑factor of a number of cell receptors and is positively asso‑
ciated with the majority of the serum acute phase reactants (14).

It has been hypothesized that tissue injury caused by 
diabetic vascular complications stimulates local cytokine 
secretion from cellular infiltrates, such as macrophages and 
endothelial cells (15). This injury induces an acute phase 
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response with the release of acute phase glycoproteins such 
as SA from the liver into general circulation, leading to their 
increased levels (16,17). Thus, determination of the level of SA 
in the blood may be useful for the evaluation of patients with 
prediabetes or diabetes.

The aim of the present study was to investigate the 
correlation of SA levels with HbA1c and glycemia values 
in postmenopausal women with type‑2 diabetes mellitus 
depending on age.

Patients and methods

The cross‑sectional single center study was conducted 
on 77 women in the postmenopausal period (age range, 
55‑87 years). All subjects were inpatients admitted to ‘Ana 
Aslan’ National Institute of Gerontology and Geriatrics 
(NIGG), Bucharest, Romania. The study period was between 
June 2018 and May 2019.

All women that agreed to participate provided written 
informed consent. The study protocol was approved by 
the NIGG Research Ethics Committee and all procedures 
performed in the present study were in accordance with the 
Helsinki Declaration with its later amendments and with the 
ethical standards of the National Research Committee of 
Romania.

Female subjects were included in the present study if they 
adhered to the following inclusion criteria: i) Age, ≥55 years; 
ii) postmenopausal status; iii) an adequate understanding of 
the Romanian language; iv) able to communicate and coop‑
erate (e.g. without Alzheimer's disease in the advanced stage 
or a cognitive disease or advanced disability); and v) able 
to provide informed consent. The exclusion criteria were as 
follows: Age, <55 years; ii) not postmenopausal; iii) unable 
to communicate; and iv) the presence of a pre‑existing major, 
severe or disabling pathology, such as dementia, a severe 
physical disability, neoplasia, an inflammatory syndrome of 
other causes, stroke, cardiac failure, kidney failure or cirrhosis.

The subjects selected for the study were divided into two 
groups: i) The control group, which included postmenopausal 
women without type‑2 diabetes mellitus (n=27); and ii) a group 
of postmenopausal women diagnosed with type‑2 diabetes 

(n=50). The age range of all participants was 55‑87 years, 
with a mean age of 63.74±8.50 years for the control group and 
69.9±7.99 years for the type‑2 diabetes mellitus group.

Data collection. Venous blood samples were collected in the 
morning after an overnight fasting of ≥12 h, by venous punc‑
ture in vacuum tubes. The samples were maintained at room 
temperature within 1 h of collection, and then centrifugated 
at 1,000 x g for 20 min at room temperature, aliquoted and 
refrigerated at ‑70˚C until analysis.

Serum total sialic acid (TSA) was assayed using a colori‑
metric enzymatic method as previously described (18), which 
is a standard Ehrlich's method and colorimetric assay, using 
reagents and chemicals with an analytical grade that were 
purchased from Sigma‑Aldrich; Merck KGaA. According 
to this method, the supernatant of serum containing SA 
chemically reacts with the Ehrlich's reagent and produces a 
colorimetric reaction that is quantitatively measured using a 
spectrophotometer. This procedure is based on the release of 
bound SA by heating with 5% perchloric acid. After cooling 
and brief centrifugation, the supernatant was heated for 15 min 
with Ehrlich's reagent at 100˚C. Subsequently, the absorbance 
of the color developed in the sample was measured at 565 nm, 
and the serum concentration of SA was expressed in mg/dl (18).

Serum determinations of blood glucose (glycemia) and 
Hb A1c were performed using a turbid metric method and 
diagnostic products of Thermo Fisher Scientific, Inc., with a 
Konelab 301 SC auto analyzer.

Menopausal status and hormone replacement therapy 
(HTR) use were recorded. Menopause was defined as the 
point when a woman no longer has menstrual periods for 
≥12 months and the postmenopausal period is the stage after 
menopause (19).

Statistical analysis. All calculated data are presented as 
the mean ± standard deviation. Means were compared with 
Student's t‑test using Excel 7.0 software (Microsoft Corp.). 
Pearson's correlation coefficients (r) were calculated to 
evaluate the correlations between TSA, glycated HbA1c and 
glycemia. P<0.05 was considered to indicate a statistically 
significant difference.

Table I. Biochemical and clinical parameters of the study groups.

Biochemical and  Type‑2 diabetes
clinical parameters Control group (n=27) mellitus group (n=50) t‑value P‑value

Age, years 63.74±8.50 69.9±7.99 t=‑3.155 P<0.01
Glucose, mg/dl 94.25±9.12 145.48±52.73 t=‑4.991 P<0.00001
Total cholesterol, mg/dl 210.96±35.88 239.38±45.87 t=‑2.788 P<0.01
HDL‑cholesterol, mg/dl 54.58±15.67 45.71±13.93 t=0.793 P=0.214
LDL‑cholesterol, mg/dl 129.71±26.30 146.93±42.22 t=‑1.435 P<0.01
Triglycerides, mg/dl 117.14±38.41 176.3±96.15 t=‑3.059 P<0.01
BMI, kg/m2 25.64±3.83 30.92±5.65 t=‑2.158 P<0.05
Hb A1c, % 5.65±0.41 7.33±1.02 t=‑1.667 P<0.05
TSA, mg/dl 76.64±7.63 94.25±21.51 t=‑4,104 P<0.001

Data are presented as mean ± standard deviation. BMI, body mass index; Hb A1c, glycated hemoglobin; TSA, total sialic acid.
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Results and Discussion

The burden of diabetes worldwide has captured the 
academic interest in the field of health for a long duration. 
Typically, concerns include the costs associated with the 
disease and the complications that ensue from this condi‑
tion, which have led to interventions designed by policy 
makers and health care authorities that are meant to prevent 
the disease (20).

Because most people diagnosed with type‑2 diabetes are 
elder individuals, this condition among the elderly is a growing 
public health issue. In addition, the situation is further compli‑
cated by the fact that geriatric patients usually have multiple 
associated pathologies and special related physiological 
characteristics.

This fact justifies the important budgetary efforts of many 
countries, including Romania, for the development of diabetes 
research and monitoring programs, of which laboratory inves‑
tigations should be an integral part. According to the latest 
data of the European Chapter of the International Diabetes 
Federation (IDF EUR), 463 million people have diabetes 
worldwide and >59 million individuals in the EU region have 
diabetes; by 2045 this is expected to rise to 68 million (21). 
The prevalence of diabetes shows an increasing trend for all 
age groups, specifically due to increased obesity, unhealthy 
eating and physical inactivity (22).

Romania is one of the 57 countries of the IDF EUR, and 
the diabetes prevalence (% of population aged 20 to 79 years) 
in this country was reported to be 6.9% in 2019 (21,23). 
According to the PREDATORR study ‘Prevalence of diabetes 
mellitus and prediabetes in the adult Romanian population’, 

in 2017 in an adult population of 14,382,000 there were 
1,785,300 cases of diabetes in adults aged 20‑79 years, with a 
prevalence of 12.4%, and this number is expected to decrease 
to 1,246,000 in 2045 (24).

Table II. Correlations of serum TSA with serum glucose, Hb 
A1c and BMI in the type‑2 diabetes group.

Parameters analyzed r‑value P‑value

Serum TSA and serum glucose r=0.833 P<0.00001
Serum TSA and Hb A1c r=0.623 P<0.00001
Serum TSA and BMI r=0.133 P=0.35400

BMI, body mass index; Hb A1c, glycated hemoglobin; TSA, total 
sialic acid.

Figure 1. Type‑2 diabetes group Pearson's correlation (r) analysis between individual values of serum sialic acid and serum glucose, glycated hemoglobin 
(Hb A1c) and body mass index (BMI).

Table III. Correlation analyses between serum TSA and serum 
glucose, Hb A1c and BMI in the control group.

Parameters analyzed r‑value P‑value

Serum TSA and serum glucose r=0.103 P=0.607
Serum TSA and Hb A1c r=0.031 P=0.875
Serum TSA and BMI r=0.064 P=0.748

BMI, body mass index; Hb A1c, glycated hemoglobin; TSA, total 
sialic acid.

Figure 2. Control group Pearson's correlation (r) analysis between individual values of serum sialic acid and serum glucose, glycated hemoglobin (Hb A1c) 
and body mass index (BMI).
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By analyzing the statistical data presented in Table I, it was 
determined that laboratory clinical parameters observed in the 
study and the BMI exhibited higher mean values in the group 
of patients with type‑2 diabetes compared with the control 
group, with one exception of HDL level which was higher 
in the control group. This parameter was the only one with a 
protective role and a higher mean value in the control group 
compared with the type‑2 diabetes group.

By analyzing how the serum values of SA are correlated 
with glycemia and Hb A1c in the subjects with diabetes, it 
was observed that both parameters exhibited a strong positive 
correlation (P<0.0001; Table II and Fig. 1).

In the present study, TSA values were not correlated with 
BMI, therefore the results obtained in the present study were 
not consistent with those of a study published in 2013 by 
Rajappa et al (25), who reported that TSA exhibited a signifi‑
cant positive correlation with BMI (P<0.01), with TSA levels 
being elevated in individuals with obesity.

For comparison, the correlations of TSA with the three 
parameters were analyzed with the help of a linear regression 
model, and it was observed that in the control group there were 
no correlations with any of the parameters (Table III and Fig. 2).

In conclusion, the present study demonstrated that there 
are strong positive correlations between the serum values of 
TSA, glycemia and Hb A1c in subjects with diabetes. However, 
serum TSA levels were not correlated with BMI. Therefore, 
SA may be considered as a potential marker for the diagnosis 
or screening of type‑2 diabetes in postmenopausal women.
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