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‘ ABSTRACT ’ Background: Diabetes mellitus (DM) is a complex metabolic disorder that alters the glucose status of the human body.

There has been a steady increase in the prevalence of DM in the past few decades leading to macro-and microvascular
complications. There has been mounting evidence suggesting that inflammation plays a role in the pathophysiology of DM.
Methods: A single centre prospective study was conducted on 50 consecutive patients with de novo or prior Type-2 DM (T2DM) history between
JANUARY 2021 to OCTOBER 2021. CRP and HbAlc samples were taken at the start of the study and were retaken after 12 weeks of
pharmacotherapy and lifestyle modification. The relationship between CRP and HbA 1¢ was analysed.
Results: The mean HbAlc and CRP for the initial 50 participants were 9.6500 + 1.8816 and 1.1520 + 0.9984, respectively. At the 12th-week
follow up, the mean HbA I¢ fell to 7.3952 + 1.3155 (P<0.05), and the mean CRP was reduced to 0.2857 +0.5237 (P<0.05). Furthermore, the rise
in HbA 1¢ was correlated with a statistically significant rise in CRP.
Conclusion: This study establishes a positive correlation between serum CRP and HbA 1c. Improving glycemic control can help reduce the risk

Department of General Medicine.

Department of General Medicine.

Department of Internal Medicine *Corresponding Author

Department of Interventional Neuroradiology.

of adverse events associated with sustained inflammation.
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INTRODUCTION

Diabetes mellitus (DM) refers to a group of common metabolic
disorders that share the phenotype of hyperglycemia with disturbances
of carbohydrate, fat and protein metabolism resulting from defects in
insulin secretion, insulin action, or both."> DM is a growing global
burden. The latest International Diabetes Federation (IDF) figures
reveal that 537 million worldwide live with DM - a 16% rise from the
2019 estimates. By 2045, one in eight adults (783 million) might be
living with DM.’ Type-2 DM (T2DM) is the most common form of
diabetes (90%). It is characterised by insulin action and secretion
disorders, either of which may be the predominant feature.*

The risk of developing T2DM increases with age, obesity, physical
inactivity, family history, hypertension, dyslipidaemia and women
with a history of gestational diabetes. The frequency of T2DM varies
considerably among different racial or ethnic subgroups. Persons of
Native American, Polynesian or Micronesian, Asian-Indian, Hispanic,
or African-American descent are at higher risk than persons of
European origin.*

Impaired glucose tolerance or hyperglycemia establishes the
diagnosis.’

Persistent hyperglycemia is associated with macro-and microvascular
complications.’

The clinical relationship between DM and atherosclerosis is well
established, with the risk for coronary heart disease, peripheral arterial
disease and cerebrovascular disease (CVD) being significantly
elevated in patients with diabetes.” Several studies have implicated that
T2DM is associated with increased concentrations of the acute-phase
reactants and pro-inflammatory cytokines (IL-1, IL-6, TNF-a), which
are promoters of atherosclerosis.”

C-reactive protein (CRP) is an acute-phase reactant pentameric protein
synthesised in the liver. Its production is primarily induced by the IL-6
action on the gene responsible for CRP transcription during the acute
stage of the inflammatory process. CRP is a direct marker for
inflammation. The CRP levels rapidly rise and fall with the onset and
elimination of the inflammatory stimulus, respectively."

The glycosylated hemoglobin (HbAlc) test shows an average blood

sugar level over the past 90 days and represents a percentage. The test
can also establish the diagnosis of diabetes." Hemoglobin becomes
glycated or coated with glucose from the bloodstream in proportion to
the blood glucose levels. Higher average blood sugar levels will reflect
on the surface of the hemoglobin protein as higher HbA I ¢ levels.™"

MATERIALSAND METHODS

We prospectively studied the association of CRP (an acute phase
reactant) and HbAlc (an indicator of glycemic control). The study
comprised 50 consecutive patients with de novo or prior history of
T2DM visiting the medicine out-patient department between
JANUARY 2021 to OCTOBER 2021. The purpose of the study was
explained to the patients and their attenders, and informed consent was
obtained. Out of the 50 initial participants, only 37 patients presented
for their follow up.

CRP and HbAlc samples were drawn simultaneously. The patients
were advised to follow up after 12 weeks of optimised medical therapy
(insulin/oral antidiabetic medicines) and lifestyle changes (exercise,
weight loss and diet counselling).

Inclusion Criteria

¢ Fasting venous blood glucose value equal to or more than
126mg/dl

» Postprandial venous blood glucose >200mg/d!l

e Age>18

Exclusion Criteria

« Patients on statins, thiazolidinediones (TZDs), and other anti-
inflammatory drugs

e Type-1DM

*  Known heart failure

* Acute febrileillnesses

¢ Renalimpairment

¢ Hepatic impairment

Arthritis or other chronic illnesses
Malignancies

Asymptomatic infections
Smokers

e o o o

At their 12th-week follow-up, CRP and HbAlc samples were drawn
again. Antidiabetic treatment's efficacy, adherence to lifestyle
changes, and the relation between CRP and HbA I ¢ were analysed. The
Institutional Ethics committee approved the study.
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CRPTesting

Diagnostic Kit

A diagnostic reagent kit for the in vitro detection of CRP in human
serum by qualitative and semi-quantitative rapid latex slide test.

Procedure

A series of dilutions of the test serum in normal saline, as 1:2, 1:4, 1:8
etc., was prepared, and one drop of each of these dilutions was tested
with one drop of Latex CRP Reagent. Agglutination occurring within 2
minutes was observed on the glass slide provided in the kit. The highest
dilution which showed agglutination was taken as CRP titre of the test
serum.

Calculation

The concentration of CRPin serum can be calculated as:

CRP concentration = Sensitivity x Highest dilution of serum showing
agglutination.

The sensitivity and detection limit of this test is 0.6 mg/dl.

HbA1c Testing
Testing kit: Teco Diagnostics Glycohemoglobin Reagent Set.

Procedure

Step A- Hemolysate preparation:

1. Dispense 500 ml Lysing reagent into tube labelled as standard,
control and sample.

2. Place 100 microlitre well-mixed blood sample, standard or
control, into an appropriately labelled tube and mix well.

3. Allow the tube to stand for 5 minutes.

Step B- Glyco haemoglobin preparation:

Dispense 3 ml of glycol haemoglobin cation exchange resin into
13 x 100mm glass tube labelled as standard, control, sample.

2. Mix resin by inverting at least ten times. Swirl the bottle after
addingitto each tube.

3. Add 100microlitre of hemolysate from step A. Position the filter
separately from the tube so that the rubber sleeve is approximately
lcmabove the liquid level.

4. Place the tube on the rotator or rocker and mix for 5 minutes.
Remove the tube from the rotator.

5. Push the filter separator into the tube to firmly pack the resin. The
supernatant can be poured into another tube or directly into a cubic
or absorbent's measurement.

6. Adjust the instrument to 0' absorbent at 415 nanometres with
deionised water as blank (wavelength range 390-420 nanometre).

7. Read and record the absorbent value for standard, control, sample,
etc. These readings are for Glycohaemoglobin.

Step C -Total haemoglobin fraction:

1. Dispense Sml deionised water into tube labelled as standard,
control, and sample.

2. Place 20 microliters of the haemolysed from step A.3 into an
appropriately labelled tube and mix. Adjust the instrument to 0'
absorbentat415 nanometres with deionised water as blank.

3. Readandrecord the absorbent values for standard, control, sample
etc. These readings are for total haemoglobin.

CALCULATION

Results of the unknown should be determined in the following manner.
Percentage glycolhaemoglobin (unknown)= [R(unknown)/R
(standard)] x standard concentration

R unknown = ratio unknown = absorbent of glycol unknown/absorbent
of total Hb unknown.

R standard= Absorbent of glycol standard / Absorbent of total Hb
standard

Absorbent = value that we get in median

The standard containing 8% glycol Hb had absorbent = 0.480 for
glycol Hb and absorbent 0.578 for total Hb.

An unknown sample had glycol Hb absorbent = 0.962 and total Hb
absorbent=0.764 glyco Hb.

Statistical analysis was done using the SPSS package and MS Excel.
Student's 't' test and 2 test were used. Pearson correlation and P values
were calculated. P values <0.05 were considered to be significant.

RESULTS

The following observations were made in the study population:
For the initial 50 patients (Table 1),

1. Themean HbAlcwas9.6500+ 1.8816 (Figure 1)

2. Themean CRPwas 1.1520+0.9984 (Figure 2)

For the initial 50 patients, the rise in HbAlc was associated with a
statistically significant rise in CRP (Table 2, Figure 3).

Forthe 37 follow up patients (Table 1),

1. ThemeanHbAlIcreducedto7.3952+1.3155 (P<0.05) (Figure 1)

2. The mean CRP was reduced to 0.2857 £0.5237 (P<0.05) (Figure
2)

There was a significant decrease of HbAlc after treatment, and this
was associated with a significant corresponding reduction of CRP
levels.

DISCUSSION

CRP is an independent predictor of cardiovascular diseases and is
linked to an increased risk of thrombotic events, including myocardial
infarction and stroke. CRP has also been linked to an increased risk of
later development of diabetes. Prior research has also established that
CRP levels are higher in people with diabetes and is associated with
higher HbAlc in people without diabetes."'*'*"” Furthermore, CRP
levels are higher in people with diabetes when compared with non-
diabetics. Less is known about whether CRP in people with diabetes is
related to the level of glycemic control.

Activation of the immune system is highly related to the incidence and
progression of T2DM. Both innate and adaptive immunity are
involved in adipose tissue inflammation. The phenotype switching of
macrophages from M2-type (predominantly anti-inflammatory) to
increased proportions of M1-type macrophages (pro-inflammatory)
plays an essential role in initiating and amplifying islet cell
inflammation." The evidence also shows that the recruitment of T and
B cells precedes adipose tissue infiltration by macrophage infiltration
of the adipose tissue.”

Moreover, several other organs have been implicated in the metabolic

homeostasis and inflammatory state in T2DM, such as the nervous
. . 20,21,22,23,24

system, liver and possibly skeletal muscles. However, more

research is needed to support this evidence.®

In a cross-sectional study by Yudkin et al., CRP levels were related to
insulin resistance, obesity and endothelial dysfunction.” Data derived
from the Women's Health Study showed that elevated levels of CRP
predicted the development of T2DM.” This was further confirmed by
data from the Nurses' Health Study.” CRP levels have also been
associated with future development of hypertension and are known to
play a direct role in the pathogenesis of atherosclerosis and
thrombosis.™”

In a cross-sectional study in urban North Indians of 2520 urban
subjects with 1410 T2DM patients and 1110 non-diabetic subjects
(controls), carried out with the assessment of 18 metabolic traits, it was
found that in T2DM patients, there was a statistically significant
positive correlation between CRP and all the indices of obesity,
hyperglycaemia, insulin resistance and dyslipidaemia. The strongest
correlation of CRP was observed with BMI, WHR, triglycerides, and
HbAlc. The strongest correlation of CRP in controls was observed
with WC, followed by BMI and HbA 1c.*

Several studies demonstrated that low-grade systemic inflammation is
associated with an increased risk of cardiovascular disease.” elevation
of serum C-reactive protein is an indicator of systemic inflammation.
The associations of C-reactive protein with blood insulin and glucose
may thus help to elucidate the roles of inflammation in insulin
resistance and the development of cardiovascular disease.”

Elevated CRP levels are also linked to the increased risk of the
development of diabetes.” Furthermore, CRP levels are higher in
people with diabetes than those without diabetes. In the study by Wu et
al., investigations on the association between serum CRP and fasting
blood levels of insulin, glucose and HbA 1¢ have revealed that elevated
CRP was associated with high HbA 1¢ among men and women. "

King et al. found that in unadjusted analyses, respondents with
diabetes who had elevated HbAlc levels (>9.0%) had a significantly
higher per cent of elevated CRP than people with low (<7%) HbAlc
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levels (P< 0.001). Furthermore, HbAlc was significantly associated
with an increased likelihood of elevated CRP for HbAlc >9.0% (OR
2.15,95% CI 1.07—4.32) and for HbAlc >11.0% (4.40, 1.87-10.38).
Higher HbA Ic also predicted an elevated CRP in the regression model
when 33HbAl ¢ was analysed as a continuous variable (1.20, 1.07—
1.34).

In this study, the mean CRP when correlated with HbA lc at different
levels <7, 7-9, 9-10, >10, were 0.40, 0.51,1.41 and 2.15 respectively.
This showed that a rise in HbAlc correlates significantly with
increasing CRP values (P < 0.05). Therefore, like other studies, this
study shows that higher glycaemic levels are associated with higher
CRPvalues.

Having excluded all other causes of raised CRP, the only implication is
that increased CRP at the molecular level could be involved in the
pathogenesis of T2 DM.

The mean HbA I ¢ of 50 patients who came initially was 9.6500, and the
mean HbA1c of the 37 patients who came for follow-up was 7.3752.
This showed a significant decrease in HbA 1 ¢ in patients on follow-up
(P<0.01). The mean CRP of the 50 patients initially was 1.1520, and
the mean CRP of 37 patients when came for follow-up was 0.2857.
This also showed a significant decrease in CRP when patients came for
follow-up (P<0.05).

A further subanalysis was done on 37 patients out of the 50 who came
initially and for follow-up. The mean HbAlc of the 37 patients who
came initially and for follow-up was 9.285 and 7.385, respectively.
This showed a significant decrease in HbA 1¢ when patients came for
follow-up. This reduction was found to be significant (P < 0.05). The
mean CRP of 37 patients who came initially and for follow-up was
0.78 and 0.53, respectively. These values also showed a significant
decrease in CRP when patients came for follow-up (P<0.05), a finding
not found in other studies so far. This is likely related to compliance
with pharmacotherapy and lifestyle changes.

In this study, we go a step further with the finding that with
successively higher levels of HbA I ¢, the number of patients with CRP
positive is significantly higher. The main implication of these findings
is that inflammation may be implicated in the development of diabetes
and in ongoing levels of hyperglycemia once diabetes is established.

This study has found a positive correlation between CRP and
Glycemic control.

There were several limitations to this study. Firstly, the CRP values
were measured using a Semi-quantitative method.

Secondly, the onslaught of the second wave of the Coronavirus disease
2019 pandemic made the routine follow up difficult and likely reduced
the number of follow up patients.

TABLES
Table 1: HbA1lc and CRP of 50 initial and 37 follow up cases.
HbAlc HbAlc CRP1 CRP2
(Initial 50)|(Follow up 37)| (Initial 50) |(Follow up 37)
Mean 9.6500 7.3952 1.1520 0.2857
Standard | 1.8816 1.3155 0.9984 0.5237
deviation
P value 0.0000 0.000359
Table 2: Relation between HbA1c and CRP (P<005).
Hbalc (%) Number of patients Mean CRP
<7 9 0.4
7-9 14 0.51
9.1-10 11 1.41
>10 16 2.15
FIGURES

Figure 1: Comparsion of HbAlc between the initial 50 patients
and the follow up 37 (P<0.05).
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Figure 2: Comparsion of CRP between the initial 50 patients and
the follow up 37 (P<0.05).
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Figure 3: Relation of CRP with increasing levels of HbAlc (%).

CONCLUSION

This study established a positive correlation between serum CRP and
HbA Ic (glycemic level). Sustained elevation of CRP is associated with
detrimental health outcomes such as coronary and other vascular
disorders. Improving glycemic control in people with diabetes can
help reduce the risk of such adverse events.

REFERENCES

1. WHO Consultation Group. Definition, diagnosis and classification of diabetes mellitus
and its complications, 2nd ed. Part 1: Diagnosis and classification of diabetes mellitus
WHO/NCD/NCS/99. Geneva: World Health Organisation. 1999;1-59.

2. Powers AC, Niswender KD, Evans-Molina C. Diabetes Mellitus: Diagnosis,
Classification, and Pathophysiology. In: Jameson J, Fauci AS, Kasper DL, Hauser SL,
Longo DL, Loscalzo J. eds. Harrison's Principles of Internal Medicine, 20e. McGraw
Hill; 2018. Accessed December 05, 2021. https://accessmedicine. mhmedical.com/
content.aspx?bookid=2129&sectionid=192288322

3. Home. International Diabetes Federation - Home. (n.d.). Retrieved December 3, 2021,
from https://www.idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html.

4. King H, Rewers M. Global estimates for prevalence of diabetes mellitus and impaired
glucose tolerance in adults. WHO Ad Hoc Diabetes Reporting Group. Diabetes Care.
1993;16:157-177.

5. Tsalamandris S, Antonopoulos AS, Oikonomou E, et al. The Role of Inflammation in
Diabetes: Current Concepts and Future Perspectives. Eur Cardiol. 2019;14(1):50-59.
doi:10.15420/ecr.2018.33.1

6. Inzucchi SE. Diagnosis of diabetes. N Engl J Med. 2013;368:193. doi: 10.1056/ NEJMc
1212738.

7. Dalai,S., & Datla,A. V. (2021). Management of significant atherosclerotic carotid artery
disease: Review of literature. International Surgery Journal, 8(12), 3758. https://doi.org/
10.18203/2349-2902.isj20214782

8. PickuplJ, Crook M. ‘Is Type II diabetes mellitus a disease of the innate immune system?”
Diabetologia.1998;41: 1241-1248.

9. Pickup J, Mattock M, Chusney G, Burt D. NIDDM as a disease of the innate immune
system: association of acute phase reactants and interleukin-6 with metabolic syndrome
X. Diabetologia .1997;40: 1286-1292.

10. Nehring SM, Goyal A, Bansal P, et al. C Reactive Protein. [Updated 2021 May 10]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK441843/

11.  Gilstrap LG, Chernew ME, Nguyen CA, Alam S, Bai B, McWilliams JM, Landon BE,
Landrum MB. Association Between Clinical Practice Group Adherence to Quality
Measures and Adverse Outcomes Among Adult Patients With Diabetes. JAMA Netw
Open. 2019 Aug 02;2(8):¢199139.

12. Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance of HbAlc
Test in Diagnosis and Prognosis of Diabetic Patients. Biomark Insights. 2016;11:95-104.

13. Eyth E, Naik R. Hemoglobin A1C. [Updated 2021 Apr 5]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 549816/

14, Earl S Ford. Body Mass Index, Diabetes, and C-Reactive Protein Among U.S. Adults.
Diabetes Care.1999;22:1971-1977.

15.  Tiejian Wu, Joan P Dorn, Richard P Donahue, Christopher T Sempos, Maurizio
Trevisan. Associations of Serum C-reactive Protein with Fasting Insulin, Glucose, and
Glycosylated Hemoglobin. The Third National Health and Nutrition Examination
Survey; 1988-1994. American Journal of Epidemiology. 2002; 155 (1): 65-71.

16. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation,
aspirin, and the risk of cardiovascular disease in apparently healthy men. N Engl J Med
1997;336:973-979.

17. Ridker PM, Glynn RJ, Hennekens CH. C-reactive protein adds to the predictive value of
total and HDL cholesterol in determining risk of first myocardial infarction. Circulation
1998;97:2007-2011.

18.  Sell HC, Habich C, Eckel J. Adaptive immunity in obesity and insulin resistance. Nat
Rev Endocrinol. 2012;8:709-16. doi: 10.1038/nrendo.2012.114.

19.  Nikolajczyk BS, Jagannathan-Bogdan M, Shin H, Gyurko R. State of the union between
metabolism and the immune system in type 2 diabetes. Genes Immun. 2011;12:239-50.
doi: 10.1038/gene.2011.14.

20. Kiechl S, Wittmann J, Giaccari A et al. Blockade of receptor activator of nuclear factor-
kappaB (RANKL) signaling improves hepatic insulin resistance and prevents
development of diabetes mellitus. Nat Med. 2013;19:358-63. doi: 10.1038/nm.3084.

21. Cai D. Neuroinflammation in overnutrition-induced diseases. Vitam Horm. 2013;91:
195-218. doi: 10.1016/B978-0-12-407766-9.00008-0.

22.  Varma V, Yao-Borengasser A, Rasouli N et al. Muscle inflammatory response and
insulin resistance: synergistic interaction between macrophages and fatty acids leads to
impaired insulin action. Am J Physiol Endocrinol Metab. 2009;296:E1300-10. doi:
10.1152/ajpendo.90885.2008.

23. Kampoli AM, Tousoulis D, Briasoulis A et al. Potential pathogenic inflammatory
mechanisms of endothelial dysfunction induced by type 2 diabetes mellitus. Curr Pharm
Des.2011;17:4147-58. doi: 10.2174/138161211798764825.

6 J| INDIAN JOURNAL OF APPLIED RESEARCH [




Volume - 12 | Issue - 01 | January - 2022 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Papaoikonomou S, Tousoulis D, Tentolouris N et al. The role of C-reactive protein
genetic variability in the onset of carotid artery disease and renal function impairment in
patients with diabetes mellitus type 2. Int J Cardiol. 2013;168:4331-2. doi: 10.1016/j.
ijcard.2013.05.087.

John S. Yudkin; C. D. A. Stehouwer; J. J. Emeis; S. W. Coppack C-Reactive Protein in
Healthy Subjects: Associations With Obesity, Insulin Resistance, and Endothelial
Dysfunction. ATVG 1999; 19:972-978.

Aruna D P, JoAnn E; Nader R, Julie E B, Paul M R. C-Reactive Protein, Interleukin 6,
and Risk of Developing. T2DM; JAMA.2001;286:327-334.

Frank B. Hu, James B. Meigs, Tricia Y. Lil, Nader Rifai, and JoAnn E. Manson
Inflammatory Markers and Risk of Developing T2DM in Women. Diabetes 2004;
53:693-700.

Howard D, Buring J, Rifai N, Blake G, Michael G, Ridker P. C-Reactive Protein and the
Risk of Developing Hypertension JAMA. 2003;290:2945-2951.

Ridker PM. Rosuvastatin in the primary prevention of cardiovascular disease among
patients with low levels of low-density lipoprotein cholesterol and elevated high-
sensitivity C-reactive protein: Rationale and design of the JUPITER trial. Circulation.
2003;11:108(19):2292-7.

Anubha Mahajan, Rubina Tabassum, Sreenivas Chavali, Omprakash D, Bharadwaj M,
Tandon N, et al. High-Sensitivity C-Reactive Protein Levels and T2DMin Urban North
Indians. The Journal of Clinical Endocrinology & Metabolism 2008; 94: 62123-2127.
John D. Smoldering arteries, Low-grade inflammation and coronary heart disease.
JAMA.1999;282:2169-71.

Expert Panel on Blood Rheology. Guidelines on selection of laboratory tests for
monitoring the acute phase response. J Clin Pathol.1988;41:1203—12.

Dana E. King, Arch G. Mainous, Thomas A. Buchanan, and William S. Pearson. C-
Reactive Protein and Glycemic Control in Adults With Diabetes Diabetes Care.
2003;26:1535-1539.

| INDIAN JOURNAL OF APPLIED RESEARCH [

7




