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Abstract

Background: Diabetes mellitus is a metabolic disorder caused by
hyperglycemia, with various types influenced by genetic and environmental
factors. Red blood cell indices, which can predict glycemic control and the
development of microvascular complications, may be more cost-effective
biochemical markers in predicting DM progression. The study investigates the
correlation between red blood cell (RBC) indices and glycemic control,
focusing on their significance in predicting glycemic control in type 2 diabetes
mellitus compared to HbAlc. Materials and Methods: The cross-sectional
cohort study was conducted on 200 patients admitted in Rajiv Gandhi
Government General Hospital & Madras Medical College during the study
period from April 2021 to September 2021. Patients with type 2 diabetes
mellitus aged 18-65 years without microvascular complications (100 cases) and
with microvascular complications (100 cases) were included. The study
analysed various demographic data and biochemical parameters. Result: There
is a significant difference in systemic hypertension, alcohol intake, and urine
sugar between groups (p<0.05). There was no significant difference in BMI or
diabetes duration between groups. Still, patients with microvascular
complications had higher mean haemoglobin content and reduced erythrocytes,
indicating a correlation between these factors and the development of
complications. A slight positive correlation between HbAlc and haemoglobin,
a small negative relationship between RBC count, MCV, MCH, MCHC, and
HbAlc levels, and a significant positive correlation between RDW-CV and
HbAlc levels. Conclusion: The study highlights the importance of regular
screening for microvascular complications in older individuals, highlighting the
link between alcohol intake, high blood pressure, glycemic control, and anaemia
and the need for timely treatment.

INTRODUCTION

As countries become more industrialised, the
prevalence of type 2 DM is rising more rapidly,

Diabetes mellitus is a group of common metabolic
disorders caused by hyperglycemia. Complex
interactions of genetic and environmental factors
cause several distinct types of DM. Sex, age, and
ethnic background are important factors in
determining the risk of developing DM. Type 2 DM
is a heterogeneous group of disorders characterised
by variable degrees of insulin resistance, impaired
insulin secretion, and increased hepatic glucose
production.*?l  The  metabolic  dysregulation
associated  with DM  causes  secondary
pathophysiologic changes in multiple organ systems
that impose a tremendous burden on the individual
with diabetes and the healthcare system.34

mainly due to increasing obesity, reduced activity
levels, and population ageing. Also, microvascular
complications like retinopathy, neuropathy and
nephropathy are increasing among patients with type
2 DM. The diagnosis of type 2 DM has been based
on blood glucose and HbAlc levels, which also
strongly correlate with Diabetic microangiopathy.
Thus, HbAlc levels have been used as the major
screening and an early diagnostic tool in identifying
the complications associated with type 2 diabetes
mellitus. Many researches have been carried out to
highlight its correlation in predicting glycemic
control and long-term complications.[®! However, it
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is not routinely possible to do HbAlc levels,
especially in a primary healthcare setup.
Hyperglycemia leading to persistent elevation of
glycosylated haemoglobin is associated with the
structural and functional changes in haemoglobin
(Hb) molecule, the osmotic disturbance and the
cytoplasmic viscosity within each cell.'l" All these
changes could significantly affect many red blood
cell indices. Since microvascular complications are
attributed to increased HbAlc, changes in red cell
deformability and other rheological alterations, red
cell indices may be used to monitor the disease
progression in diabetic patients.®¥l Hence, the red
blood cell indices may prove to be much more cost-
effective biochemical markers in predicting glycemic
control and the development of microvascular
complications in type 2 DM. The aim is to study the
relationship between RBC indices and glycemic
control and its association and to determine the
significance of RBC indices (RDW, MCV, MCH,
MCHC) compared to HbAlc in predicting glycemic
control in type 2 diabetes mellitus.

MATERIALS AND METHODS

The cross-sectional cohort study was conducted on
200 patients admitted to Rajiv Gandhi Government
General Hospital & Madras Medical College during
the study period from April 2021 to September 2021.
Inclusion Criteria

Patients with type 2 diabetes mellitus aged 18-65
years without microvascular complications (100
cases) and with microvascular complications (100
cases) were included.

Exclusion Criteria

Patients with known haematological diseases such as
hemolytic anaemia, neoplastic diseases,
haematological malignancies, polycythemia vera,
metastases to the marrow, nutritional anaemia,
hypothyroidism, arthritis, congenital heart disease,
liver cirrhosis, anaemia of chronic disease,
inflammatory bowel disease, pregnant individuals,
and drugs such as cephalosporin, dapsone, levodopa,
nitrofurantoin, penicillin, and quinidine and patients
with acute febrile illnesses like dengue, malaria,
leptospirosis, and other acute infections were
excluded.

Methods

After obtaining clearance and approval from the
institutional ethics committee, patients were included
in the study as per the inclusion and exclusion
criteria. Anticoagulated blood was collected and
analysed in an automated blood cell counter. The
presence of risk factors for microvascular
complications was determined.

Data analysed included age, sex, diabetes duration,

smoking status, alcohol consumption,
antihypertensive, antilipidemic, and antidiabetic
medication,  blood  pressure, lipid levels

(Triglycerides, LDL, HDL), fasting blood glucose,
glycated haemoglobin (HbAlc), RBC count,

haemoglobin, RBC distribution width (RDW), Mean
corpuscular volume (MCV), Mean corpuscular
haemoglobin  (MCH), and mean corpuscular
haemoglobin concentration (MCHC).

Diagnosis of DM was established using American
Diabetes Association criteria: HbAlc of greater than
or equal to 6.5% or fasting blood glucose greater than
or equal to 126 mg/dl over 2 hr postprandial glucose
following oral glucose tolerance test (OGTT) greater
than or equal to 200mg/d. However, patients were
examined for microvascular complications like
Diabetic retinopathy based on a fundal examination,
Diabetic nephropathy based on the urine protein to
creatinine ratio and Diabetic neuropathy based on the
neurological symptoms.

Statistical Analysis

The data was collected with the help of clinical
proforma and was compiled in Microsoft Excel.
Statistical analysis was done with the help of
statistical software package SPSS v.17 for Windows.
This software calculated frequencies, mean, standard
deviation, and p-value with the student ‘t-test.
Pearson’s correlation coefficient ‘r’ value was
calculated. A p-value of < 0.05 was taken as
significant.

RESULTS

Among 200 patients, 34.5% were females, and 65.5%
were male; most patients were 41 to 50 years old, and
most were in the diabetic retinopathy group [Table 1].
The microvascular complications were highest in the
age group of >51 years, which is a significant
association of the occurrence of microvascular
complications with increasing age (p<0.0001). There
is no significant difference in gender, smoking
history, and family history of diabetes between
groups (p>0.05). 82.6% of the patients with a history
of alcohol intake were in the microvascular
complications group. 49% of patients with
microvascular complications had the presence of
urine sugar compared to 36% in the no-complication
group. There is a significant difference in systemic
hypertension, alcohol intake, and urine sugar
between groups (p<0.05) [Table 2].

There is no significant difference in BMI and
duration of diabetes between groups (p>0.05). In
patients with microvascular complications, the mean
value was 8.95+1.24, which was higher when
compared with patients without microvascular
complications. The patients with microvascular
complications had an overall mean value of
9.77+1.35 g/dL, indicating that low haemoglobin
content is a marker of microvascular complications.
The patients in the microvascular group had an
overall mean value of 3.51+0.75 million cells/pL,
indicating a significant reduction of erythrocytes in
correlation with the development of microvascular
complications. [Table 3]

The patients in the microvascular complications
group had low MCH levels with an overall mean
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value of 25.89 + 3.57 pg. The overall mean value was

high in the patients in the

complications group, around 16.40

compared to the group without

microvascular
+ 1.75 %,

microvascular

complications. There is a significant difference in
HbA1c, Hemoglobin, RBC count, MCH, and RDW-
CV between groups, but no significant difference in

MCV and MCHC [Table 3].

There is a non-significant, slight positive correlation
between HbAlc and Hemoglobin. There is a non-
significant, very small negative relationship between

RBC count, MCV (fL), MCH (pg) and

A non-significant, very small positive correlation

HbAlc levels.
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Table 1: Demographic data of the study

Frequency Percentage
Gender Females 69 34.5%
Males 131 65.5%
Age group <40 years 29 14.5%
41 — 50 years 130 65%
>51 years 41 20.5%
Microvascular complications (MVC) Diabetic nephropathy 33 33%
Diabetic neuropathy 29 29%
Diabetic retinopathy 38 38%
Table 2: Comparison of parameters between groups
DM With MVC* DM Without MVC* P value
Age group 8 21 <0.0001
55 75
37 4
Gender 38 31 0.298
62 69
Systemic hypertension 33 49 0.021
67 51
Alcohol intake 43 64 <0.0001
19 4
Smoking history 38 52 0.092
24 17
Family history of diabetes 66 74 0.217
34 26
Urine sugar 49 64 0.022
51 36
Table 3: Comparison of mean biochemical parameters between groups
MEAN # SD
DM With MVC* DM Without MVC* P value
BMI 24.32+£211 24.42 £1.89 0.732
Duration of diabetes 9.43+3.32 9.8 +3.52 0.445
HbAlc 895+1.24 756+1.44 <0.0001
Haemoglobin 9.77+£1.35 13.01+1.99 <0.0001
RBC count 3.51+0.75 459+05 <0.0001
MCV 82.99 + 6.56 82.74 £ 6.88 0.79
MCH 25.89 + 3.57 28.6 +3.39 <0.0001
MCHC 33+221 33.05+2.34 0.864
RDW-CV 16.4+1.75 14.46 +2.13 <0.0001
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Table 4: Comparison of biochemical parameters with HbAlc using Pearson coefficient.

HbAlc
Hemoglobin (g/dL) r value 0.06792
p-value 0.3392
RBC count r value -0.05
p-value 0.479
MCV r value -0.094
p-value 0.187
MCH r value -0.127
p-value 0.074
MCHC r value 0.127
p-value 0.073
RDW-CV r value 0.251
p-value 0.000

DISCUSSION

The study involved 131 male and 69 female patients,
with a mean age of 46.69 + 5.78 years. Most patients
were 41 to 50 years old, and approximately 92.2% of
patients over 51 had microvascular complications.
There is a significant statistical association between
age and diabetes. Also, increasing age is associated
with increasing progression of microvascular
complications in type 2 diabetes. Similarly, Cheema
et al,t% discuss the risk factors for microvascular
complications in which it was shown that higher age
was a significant risk factor. Of 1034 patients, the
mean age of diabetic patients with one or more
microvascular complications was 55+10 years
compared to patients without microvascular
complications. Hence, screening diabetic patients for
microvascular complications is important, especially
in the older age group.

In our study, 200 patients with various conditions
found a significant association between systemic
hypertension and diabetes mellitus. Of these patients,
59% had coexisting systemic hypertension, with 51
patients in the non-microvascular complications
group and 67 in the microvascular complications
group. The data showed a p-value of 0.02, indicating
a significant association between hypertension and
diabetes. A similar comparison was made in the
Ramanathan RS,[*Y study wherein 500 patients with
diabetes mellitus with microvascular complications
were compared with hypertension, glycemic control
and duration of diabetes in which 90% of diabetic
retinopathy patients, 92% of diabetic neuropathy
patients and all diabetic nephropathy patients had
high blood pressure. This shows that adequate
glycemic and blood pressure control are also required
to prevent microvascular complications.

Our study found a significant association between
alcohol intake and diabetes mellitus, with 19 out of
23 patients with a history of alcohol having
microvascular complications. This suggests that
abstinence from alcohol is crucial to reducing the risk
of developing these complications despite other risk
factors like smoking, family history, and diabetes
duration. A strong correlation between HbAlc levels
and the development of microvascular complications
in diabetes patients. Around 54 patients with
microvascular complications had HbA1c levels >7%,

indicating poor glycemic control. Zoungas et al,[*
study shows the association of HbAlc levels with the
development of microvascular complications at a
threshold value of > 7%. Hence, HbA1c has a strong
association with microvascular complications in
diabetes.

In our study, haemoglobin concentration has a strong
statistical association in predicting the presence of
microvascular. There was a significant decrease in
haemoglobin in patients with microvascular
complications. Thereby suggesting that anaemia can
be a marker of microvascular complications. A
similar comparison was made by Ranil et al,[*% where
Hemoglobin levels were correlated with diabetic
retinopathy. The median levels of haemoglobin were
between 11 to 12 g/dL in women and 12 to 13g/dL in
men. Men were at 2.09 times more risk of developing
anaemia. Al Khoury et al,* show an early
association of anaemia in diabetic individuals
developing nephropathy.

In our study, among the 62 males in the
microvascular complications group, 32 patients had
haemoglobin less than 13g/dL with HbAlc > 7%.
Among the 38 females, 13 patients had less than
12g/dL haemoglobin with HbAlc > 7%. The mean
corpuscular haemoglobin concentration in patients
without microvascular complications was 33.05%,
while in patients with microvascular complications,
it was 33%, with a standard deviation of 2.21. There
is a non-significant, slight positive correlation
between HbAlc and Hemoglobin. There is no
significant statistical association of mean corpuscular
volume. Still, there is a strong statistical association
of mean corpuscular haemoglobin in predicting
microvascular complications in type 2 diabetes. Afsar
et al,* showed similar low mean MCH and MCV
results. The mean MCV was 82.3 in HbAlc >7 and
84.3 in HbAlc <7; the mean MCH was 27.1 with
HbbAlc >7 and 27.3 in HbAlc <7, comparable to our
study.

The study found a strong statistical association
between red blood cell count and microvascular
complications in type 2 diabetes patients. Patients
without microvascular complications had a mean red
blood cell count of 4.59 million cells/uL. In
comparison, those with microvascular complications
had a mean red blood cell count of 3.51 million
cells/uL. Wang ZS et al,l*l show similar results
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indicating that RBC is a potential marker of
microvascular complications in type 2 diabetes. The
study classified the patients into four quartiles in
which the lower RBC quartiles were increasingly
associated with microvascular complications.

Our study found a strong statistical association
between red cell distribution width (RDW) and
microvascular complications in type 2 diabetes. The
mean RDW-CV value was 14.46% in patients
without complications and 16.40% in those with
complications. A small positive correlation was
found between red cell distribution width and HbAlc
levels, indicating that higher RDW values are
associated with  microvascular  complications.
Renukha P et al,ll demonstrated a significant
negative correlation between RDW and HbAlc. The
study included people with diabetes without
microvascular complications with a mean value of
RDW of 14.36%, comparable to ours. Hence, RDW-
CV can be used as a cost-effective potential marker
in predicting glycemic control and identifying the
risk of progression of microvascular complications.

CONCLUSION

Our study has shown that older individuals are at a
higher  risk of  developing  microvascular
complications, making frequent screening necessary.
Alcohol intake and high blood pressure are closely
linked to microvascular complications, so it is
important to abstain from alcohol and maintain strict
blood pressure control. Glycemic control is also
crucial, and HbAlc is a reliable marker for predicting
microvascular complications. Certain haematological
indices, such as RBC count, haemoglobin
concentration, MCH, and RDW-CV, can also serve
as markers for detecting the presence of
microvascular complications. RDW-CV has a
statistically significant positive correlation with
HbA1C, making it a potential marker for assessing
glycemic control. A simple blood test that includes
these parameters can be an effective and cost-
efficient tool for predicting microvascular
complications and assessing glycemic control. Our
study has also found that diabetes may increase the
risk of anaemia, which can worsen cardiovascular
complications. Therefore, treating anaemia promptly
in diabetic individuals is crucial.

Limitations

The study had limitations, including not being a
multicentric trial, having a small sample size of 200
patients, not comparing and analysing individual
complications, and not following up with the patients
involved. Future studies should consider larger
sample sizes.

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

Tremblay J, Hamet P. Environmental and genetic
contributions to diabetes. Metabolism 2019;100:153952.
https://doi.org/10.1016/j.metabol.2019.153952.

Ozougwu JC, Obimba KC, Belonwu CD, Unakalamba CB.
The pathogenesis and pathophysiology of type 1 and type 2
diabetes mellitus. J Physiol Pathol 2013; 4:46-57.
https://doi.org/10.5897/JPAP2013.0001.

Satish KS, Ramya N, Soumya V. Cutaneous manifestations
associated with diabetes mellitus. J Evol Med Dent Sci
2014;3:10160+. http://doi.org/10.14260/jemds/2014/3320.
Thirumalasetti S, Sharmila S. Comparative study of serum
lipids and magnesium levels in controlled & uncontrolled type
2 diabetes mellitus cases. J Evol Med Dent Sci
2015;4:13381+. http://doi.org/10.14260/jemds/2015/1921.
Ramadass S, Basu S, Srinivasan AR. SERUM magnesium
levels indicate the status of Diabetes Mellitus type 2. Diabetes
Metab Syndr 2015;9:42-5.
https://doi.org/10.1016/j.dsx.2014.04.024.

Hsu PC, Liao PY, Chang HH, Chiang JY, Huang YC, Lo LC.
Nailfold capillary abnormalities are associated with type 2
diabetes progression and correlated with peripheral
neuropathy.  Medicine  (Baltimore)  2016;95:e5714.
https://doi.org/10.1097/md.0000000000005714.

Alamri BN, Bahabri A, Aldereihim AA, Alabduljabbar M,
Alsubaie MM, Alnageb D, et al. Hyperglycemia effect on red
blood cell indices. European Rev Med Pharmacol Sci.
2019;23:2139-50.

Kim J, Lee H, Shin S. Advances in the measurement of red
blood cell deformability: A brief review. J Cell Biotechnol
2015;1:63-79. https://doi.org/10.3233/jch-15007.

Agrawal R, Smart T, Nobre-Cardoso J, Richards C, Bhatnagar
R, Tufail A, et al. Assessment of red blood cell deformability
in type 2 diabetes mellitus and diabetic retinopathy by dual
optical tweezers stretching technique. Sci Rep 2016;6:1-12.
https://doi.org/10.1038/srep15873.

Cheema S, Maisonneuve P, Zirie M, Jayyousi A, Alrouh H,
Abraham A, et al. Risk factors for microvascular
complications of diabetes in a high-risk Middle East
population. J Diabetes Res 2018;2018:1-7.
https://doi.org/10.1155/2018/8964027.

Ramanathan RS. Correlation of duration, hypertension and
glycemic control with microvascular complications of
diabetes mellitus at a tertiary care hospital. J Neurol Exp
Neural Sci 2017; 4:1-4. https://doi.org/10.29011/INNS-
120.100020.

Zoungas S, for the ADVANCE Collaborative Group,
Chalmers J, Ninomiya T, Li Q, Cooper ME, et al. Association
of HbAlc levels with vascular complications and death in
patients with type 2 diabetes: evidence of glycaemic
thresholds. Diabetologia 2012;55:636-43.
https://doi.org/10.1007/s00125-011-2404-1.

Ranil PK, Raman R, Rachepalli SR, Pal SS, Kulothungan V,
Lakshmipathy P, et al. Anaemia and diabetic retinopathy in
type 2 diabetes mellitus. J Assoc Physicians India.
2010;58:91-4.

Al-Khoury S, Afzali B, Shah N, Covic A, Thomas S,
Goldsmith DJ. Anaemia in diabetic patients with chronic
kidney disease—prevalence and predictors. Diabetologia
2006;49:1183-9. https://doi.org/10.1007/s00125-006-0254-z.
Farooqui R, Afsar N, Afroze IA. Role and significance of
haematological parameters in diabetes mellitus. Ann Pathol
Lab Med. 2019;6: A158-162.
https://doi.org/10.21276/apalm.2355.

Wang ZS, Song ZC, Bai JH, Li F, Hu J, Wu T, et al. Red blood
cell count as an indicator of microvascular complications in
Chinese patients with type 2 diabetes mellitus. Vasc Health
Risk Manag 2013:237-43.
https://doi.org/10.2147/vhrm.s43211.

Renuka P, Bag S. Hemorheological indices and glycated
hemoglobin in type 2 diabetes mellitus. Biomed Pharmacol J.
2020;13:1899-902. https://doi.org/10.13005/bpj/2066.

1146

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556



