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Enhanced RBC Aggregation in Type 2 Diabetes Patients
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Background: This study aimed to investi-
gate the relationship between HbA1c and
RBC aggregation in type 2 diabetes mel-
litus (T2DM) patients by analysis of data
from routine clinical tests and from in vitro
experiments. Methods: A total of 2,111 in-
patients with type 2 diabetes were selected
and among them, 364 patients (Group A)
had limited influence of plasma proteins on
erythrocyte sedimentation rate (ESR) and
was compared with the rest of the 1,747
inpatients (Group B). ESR, HbA1c, WBC,
CRP, Fbg, and HCT were measured in all
samples. Sixty samples were also collected
from T2DM patients and used for in vitro
ESR studies. Spearman’s correlation coef-
ficients were employed to reflect the corre-
lation between ESR and other parameters.
Mann–Whitney U test was used to compare
the study parameters. Results: The test re-

sults for Group A were lower than Group
B with respect to ESR, age, HCT, HbA1c,
CRP, WBC, and Fbg. Only the difference in
HbA1c, CRP, and Fbg values had statistical
significance (P < 0.05). In addition, HbA1c
correlated better with ESR for Group A (R =
0.622) than Group B (R = 0.563), whereas
CRP and Fbg were contrary to this. In the
in vitro studies, the HbA1c values were clas-
sified into the subgroups of 6.5–8.0%, 8.1–
10%, and >10%. The corresponding ESR
values were 28 ± 5.1 mm/h, 33 ± 2.7 mm/h,
and 40 ± 4.1 mm/h, respectively. Conclu-
sion: ESR results of T2DM patients were
elevated that was mainly caused by Fbg lev-
els, and in addition HbA1c in part contributed
to RBC aggregation. J. Clin. Lab. Anal.
29:387–389, 2015. C© 2014 Wiley Periodi-
cals, Inc.
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INTRODUCTION

The erythrocyte sedimentation rate (ESR) has been
widely used as a nonspecific indicator of inflammation
to help diagnose conditions and follow disease activity
(1). The elevated ESR value is mainly due to the enhance-
ment of specific plasma proteins and red blood cell (RBC)
aggregation. Previous studies have investigated RBC ag-
gregation in patients with diabetes (2–6). The presence of
inflammatory conditions associated with diabetes is very
likely to compromise the interpretation of ESR values.
Le Devehat et al. report a positive correlation between
hemoglobin A1c (HbA1c) and RBC aggregation in type 1
diabetes patients (T1DM) (7), but not in type 2 diabetes
patients (T2DM).

In this study, we aimed to investigate the relationship
between HbA1c and RBC aggregation in T2DM patients
by analysis of the data from routine clinical tests and from
in vitro experiments.

MATERIALS AND METHODS

Patients

A total of 2,111 inpatients with T2DM were selected
from the hospital database between October 2009 and
October 2012. All included patients had samples that
were tested simultaneously for the following study
parameters; HbA1c (�6.5%), C reactive protein (CRP),
ESR, Hematocrit (HCT), WBC count, and fibrinogen
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(Fbg). Of the 2,111 patients, 364 (Group A) had (i) no
evidence of inflammatory or tumor diseases (normal
WBC counts and no clinical diagnosis of tumor); (ii)
normal hepatic and renal function (normal ALT, AST,
Bilirubin, AFP and normal creatinine, urea and uric
acid); (iii) no treatment with therapeutic agents known
to specifically affect RBC aggregation (8). The remaining
1,747 subjects were classified into Group B. Another 20
samples were collected in each of the following HbA1c

ranges 6.5–8.0%, 8.1–10%, and >10%. These 60 samples
were used for the ESR in vitro experiments.

Samples

Blood samples anticoagulated with K3EDTA (Becton
Dickinson, Franklin Lakes, NJ) were routinely obtained
from inpatients. All samples were tested within 4 hours of
venipuncture according to ICSH recommendations (1).
All were tested for HbA1c by Bio-Rad Variant (Bio-Rad
Laboratories, Hercules, CA), ESR by Micro Test 1 (Ali
Fax, Padova, Italy), WBC count by Sysmex XE-2100 (Sys-
mex corporation, Kobe, Japan), CRP by Beckman Im-
mage 800 Immunochemistry System (Beckman Coulter,
Brea, USA) and fibrinogen by Sysmex CA7000 (Sysmex
corporation, Kobe, Japan).

In Vitro ESR Studies

To minimize the influence of components in each au-
tologous plasma, RBC were separated from the plasmas
by centrifugation at 2,000 g for 10 min, washed once in
0.9% NaCl solution, then washed and resuspended to a
40% HCT in a 3% solution of dextran 70 (9–11). DEX
70 is a water-soluble neutral polymer that causes RBC
aggregation.

Statistical Analysis

Since the study parameters displayed skewed distribu-
tions, nonparametric statistical approaches were used.
Spearman’s correlation coefficients were employed to re-
flect the correlation between ESR and other parameters.
Mann–Whitney U test was used for univariate compari-
son of the study parameters between Group A and Group
B. Analysis of variance was used to check if the mean in
vitro experiment had statistical difference. Results were
considered statistically significant if P value was less than
0.05. The analysis was performed by SPSS 19.0 software
(SPSS, Chicago, IL).

RESULTS

As shown in Table 1, the test results in Group A
were lower than Group B with respect to ESR, age,

TABLE 1. Test results and Correlation Coefficient of Group A
and Group B

Group A Group B

Parameters Test results1 R2 Test results1 R2 P value

ESR (mm/h) 28(19, 45) 1 36(23, 56) 1 0.020
Age (years) 43(38, 64) 0.315 48(40, 59) 0.254 0.420
HCT (%) 41(38, 45) –0.12 47(42, 51) –0.09 0.157
HbA1c (%) 7.4(6.8, 8.5) 0.750 7.9(6.7, 8.4) 0.563 0.037
CRP (mg/l) 7.4(6.4, 7.7) 0.471 13.5(9.4, 15.2) 0.598 0.031
WBC (109/l) 7.4(6.5, 8.1) 0.003 9.5(7.6, 10.3) 0.011 0.058
Fbg (g/l) 3.5(2.9, 3.9) 0.387 5.1(4.7, 6.3) 0.453 0.044

Note: 1. Test results are shown as median (25%, 75%); 2. R means the
Spearman correlation coefficients that mean correlations with ESR.

HCT, HbA1c, CRP, WBC, and Fbg. However, the Mann–
Whitney U test showed that only HbA1c, CRP, and Fbg
had statistical significance (P < 0.05). In addition, by anal-
ysis of the Spearman correlation coefficients, it demon-
strated that HbA1c correlated better with ESR for Group
A (R = 0.622) than Group B (R = 0.563), whereas CRP
and Fbg were contrary to this.

In Vitro Observation of RBC Aggregation

Enhanced aggregation was observed for washed RBCs,
free of CRP, Fbg, and other proteins. Samples with a
range of HbA1c values were classified into subgroups of
6.5–8.0%, 8.1–10%, and >10%. The corresponding ESR
values were 28 ± 5.1 mmol/h, 33 ± 2.7 mmol/h, and
40 ± 4.1 mmol/h, respectively. It was observed that with
the elevation of HbA1c, ESR showed a statistically signif-
icant increase (P < 0.001).

DISCUSSION

ESR is a widely used indicator of the presence of inflam-
matory conditions and noninflammatory conditions such
as stroke, coronary artery disease, and prostate cancer.
Many ESR measurements are performed in patients with
T2DM, a condition that may also directly contribute to
the elevated ESR values and complicate the interpretation
of test results.

Previous studies have found that RBC aggregation
tended to be increased in diabetics (12), especially when
the diabetes is characterized by poor metabolic control
(13). Demiroglu et al. suggest that in patients with T2DM
who developed clinically evident late complications also
had enhanced RBC aggregation regardless of the degree
of metabolic control (14). Our data add evidence to this
finding as the ESR results had elevated median values of
28 mm/h for Group A and 36 mm/h for Group B. It
should be noted that the WBC count (9.5 × 109/l) ap-
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proached to the upper limits of normal reference value
(4–10 × 109/l) and together with the elevation of CRP
(13.5 mg/l), may indicate the existence of concomitant
infection (Group B, Table 1). In this case, the enhanced
RBC aggregation in these T2DM patients is probably due
to plasma protein changes caused by infection or inflam-
mation, which was also observed in previous studies (15).
In addition, it may be associated with the elevated plasma
Fbg level 5.1 g/l (reference range: 2–4 g/l), which is known
to be a primary determinant of RBC aggregation and was
more highly correlated than other parameters with ESR
for both groups.

An important feature of T2DM is the glycation of
hemoglobin that affects both the charge and function of
the RBC membrane. Whether the glycated hemoglobin di-
rectly contributes to the enhanced RBC aggregation is not
fully clarified and there are findings both for and against
this correlation (15). There are studies reporting a positive
correlation between RBC aggregation and HbA1c level in
patients with type 1 DM (16), or in patients with coronary
artery disease or acute coronary syndrome but no known
diabetes (17, 18). However, since changes in plasma con-
stituents in T2DM may have a strong relationship with the
enhanced RBC aggregation, the RBC’s effects are much
likely to be covered.

Our retrospective analysis of routine test results
(Table 1) revealed that compared to the 1,747 T2DM pa-
tients (Group B), the selected 364 one (Group A) had
lower values of CRP and Fbg, suggesting these plasma
constituents would have lower effects on the ESR. Mean-
while, the probable contribution of HbA1c increased in
Group A as its correlation coefficient rose to 0.622 com-
pared to 0.563 in Group B. To further investigate the RBC
aggregation without the influence of in vivo plasma pro-
teins, in vitro experiments were carried out using RBCs
washed free of CRP, Fbg, WBC, etc. The results showed
that with increased HbA1c values, the RBC aggregation
reflected by ESR also increased.

The limitations of this study should be acknowledged.
T1DM patients were not included who could serve as a
comparison group, as several reports do not recommend
the usage of HbA1c in the diagnosis of T1DM. Further,
there may be other factors that enhance the RBC aggre-
gation in patients with T2DM, while this study did not
investigate them comprehensively and chose only WBC,
CRP, and Fbg as the indicator or direct reason to cause
red cell aggregation. Finally, further studies are needed to
sort out the independent effects of HbA1c on RBC aggre-
gation and to provide insights into the biological mecha-
nisms involved. Thus the interpretation and extension of
our results should proceed with caution.

REFERENCES

1. Jou JM, Lewis SM, Briggs C, Lee SH, De La Salle B, McFadden S.
ICSH review of the measurement of the erythocyte sedimentation
rate. Int J Lab Hematol 2011;33:125–132.

2. Stuart J, Juhan-Vague I. Erythrocyte rheology in diabetes mellitus.
Clin Hemorheol 1987;7:239–245.

3. LeDevehat C, Khodabandelou T, Vimeux M, Aouane F. Diabetes
mellitus—Its effects in blood rheological properties and microcir-
culatory consequences. Clin Hemorheol 1996;16:677–683.

4. Ziegler O, Guerci B, Muller S, et al. Increased erythrocyte aggre-
gation in insulin-dependent diabetes mellitus and its relationship to
plasma factors: A multivariate analysis. Metabolism 1994;43:1182–
1186.

5. Chong-Martinez B, Buchana TA, Wenby RB, Meiselman HJ. De-
creased red blood cell aggregation subsequent to improved gly-
caemic control in Type 2 diabetes mellitus. Diabet Med 2003;20:301–
306.

6. Bauersachs RM, Shaw SJ, Zeidler A, Meiselman HJ. Red blood
cell aggregation and blood viscoelasticity in poorly controlled type
2 diabetes mellitus. Clin Hemorheol 1989;9:935–952.

7. Le Devehat C, Khodabandehlou T, Zhao H, Vimeux M. Role and
limits of glycemic regulation in the pathogenesis of diabetic mi-
croangiopathy. Clin Hemorheol Microcirc 1997;17:363–370.

8. Dujovne CA, Harris WS, Altman R, Overhiser RW, Black DM. Ef-
fect of Atorvastatin on hemorheologic-hemostatic parameters and
serum fibrinogen levels in hyperlipidemic patients. Am J Cardiol
2000;85:350–353.

9. Zilberman-Kravits D, Harman-Boehm I, Shuster T, Meyerstein N.
Increased red cell aggregation is correlated with HbA1c and lipid
levels in type 1 but not type 2 diabetes. Clin Hemorheol Microcirc
2006;35(4): 463–471.

10. Kim A, Dadgostar H, Holland GN, et al. Hemorheologic abnor-
malities associated with HIV infection: Altered erythrocyte aggrega-
tion and deformability. Invest Ophthalmol Vis Sci 2006;47(9):3927–
3932.

11. Kameneva MV, Garrett KO, Watach MJ, Borovetz HS. Red blood
cell aging and risk of cardiovascular diseases. Clin Hemorheol Mi-
crocirc 1998;18(1):67–74.

12. Elias AN, Domurat E. Erythrocyte sedimentation rate in diabetic
patients: Relationship to glycosylated hemoglobin and serum pro-
teins. J Med 1989;20:297–302.

13. Le Devehat C, Vimeux M, Bondoux G, Khodabandehlou T. Red
blood cell aggregation in diabetes mellitus. Int Angiol 1990;9:11–15.

14. Demiroglu H, Gurlek A, Barista I. Enhanced erythrocyte aggrega-
tion in type 2 diabetes with late complications. Exp Clin Endocrinol
Diabetes 1999;107:35–39.

15. Elishkevitz K, Fusman R, Koffler M, et al., Rheological determi-
nants of red blood cell aggregation in diabetic patients in relation
to their metabolic control. Diabet Med 2002;19:152–156.

16. Pribush A, Hatskelzon L, Mazor D, et al., The role of erythrocyte
aggregation in the abnormal hemorheology of multiple myeloma
patients. Clin Hemorheol Microcirc 2006;34:529–536.

17. Gustavsson CG, Agardh CD. Markers of inflammation in pa-
tients with coronary artery disease are also associated with gly-
cosylated haemoglobin A1c within the normal range. Eur Heart J
2004;25:2120–2124.

18. Gustavsson CG, Agardh CD. Inflammatory activity increases with
haemoglobin A1c in patients with acute coronary syndrome. Scand
Cardiovasc J 2009;43:380–385.

J. Clin. Lab. Anal.


