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Abstract

TheQ3 relationship between glycated hemoglobin (HbA1c) and diabetes complications was established, emphasizing the
importance of goodglycemicmanagement.However, due to its high cost, theHbA1c test is considered tobenot affordable or
not available. Thehigh incidenceof diabetesmellitus (DM) and itsmore risky comorbidities inmost populationsnecessitate
the requirement for regarding an alternative test. The aim of the current study was to estimate if there is a relationship
betweenHbA1c and randomglucose levels inDMpatients. The current studywas a cross-sectional study that comprised 106
known diabetic patients of both types (type 1 and type 2). Participants were regarded as having good glycemic control when
HbA1c < 8 %, whereas those with HbA1c ≥ 8 % were regarded as having uncontrolled diabetes. Correlation analyses
revealed significant direct correlations between HbA1c and RBG (r ¼ 0.47, P < 0.001). RBG was directly correlated with
HbA1c andmay be utilized to indicate glycemic control in patients withDMwhen the accessible toHbA1c test is difficult or
not available. Diabetes mellitus, glycemic control, glycated hemoglobin, random blood glucose.
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D iabetesQ4 affected 171 million people worldwide
one and a half decades ago, and 366 million

people are expected by 2030 [1,2]. According to
more recent estimates, the disease will afflict over
640 million people by 2040. Diabetes has clear
linkages to several comorbidities, including cardio-
vascular disorders [3] (which comprise coronary
artery disease, hyperlipidemia and stroke), renal
disease (which comprises chronic renal insuffi-
ciency, dialysis and transplantation), infectious

disease and cancer. Two hundred forty five billion
dollars were the overall economic cost of diabetes
care that was estimated via the American Diabetes
Association (ADA) in the United States in 2012, ac-
counting for more than one in every five dollars
spent on health care [4]. For decades, it has been
considered that the highly significant laboratory
medical advancement in diabetes therapy was the
HbA1c test. Since its introduction into clinical
practice in the 1970s, it has been considered a

Abbreviations: RBG, random blood glucose; DM, diabetes mellitus; HbA1c, glycated hemoglobin; FBG, fasting blood glucose; PPG,
postprandial glucose; ADA, American Diabetes Association; IDF, International Diabetes Federation; DCCT, Diabetes Control and
Complications Trial; UKPDS, United Kingdom Prospective Diabetes Study; CVD, cardiovascular disease; IQRs, interquartile ranges.
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cornerstone in diabetes patient monitoring and
treatment decisions [5]. The Diabetes Control and
Complications Trial (DCCT) in type 1 DM [6] and
the United Kingdom Prospective Diabetes Study
(UKPDS) in type 2 DM [7] both highlighted the
importance of HbA1c in diabetes care shortly after
[8]. The relationship between HbA1c level rise and
DM complications was established, emphasizing the
importance of good glycemic management [3].
HbA1c readings can give an idea about average
glycemic controls over the previous two to three
months and take into consideration both pre- and
postprandial blood glucose levels. International
guidelines support regular HbA1c testing for all
diabetic patients for glycemic control follow up
[9,10], because it provides warnings on long-term
glycemic status and clearly anticipates diabetes
complications risk [9]. Though it has been discov-
ered that following recommendations for medica-
tion adjustment and frequency of HbA1c testing is
highly related with glycemic control, in fact, only
around 3 % of patients adhere to these recommen-
dations [8]. Fasting or any additional preparations
are not needed to do the HbA1c test, which can be
conducted at any time of the day. Glucose molecules
bind to hemoglobin in red blood cells when blood
glucose levels are high [11]. When a molecule of
haemoglobin becomes glycated, it stays that way. As
a result, during red blood cell lifespan, the approx-
imate quantity of glucose to which the cell has been
incurred is represented by the accumulation of
glycated haemoglobin within it. Glycated haemo-
globin measurement is utilized to detect the efficacy
of therapy by monitoring long-term blood glucose
control [12]. However, as a consequence of its high
cost, the HbA1c test is considered to be not afford-
able or not available. The high incidence of DM and
more risky comorbidities in most populations ne-
cessitates the requirement for regarding an alter-
native test such as fasting blood glucose (FBG),
random blood glucose (RBG) and 2-h postprandial
glucose (PPG) for glycaemic control monitoring. The
most favorable test is RBG because of untimed
sampling, availability, and affordability [13].
The aim. The current study objective was to esti-

mate if there is a relationship between HbA1c and
random glucose levels in diabetes mellitus patients.

1. Materials and methods

The current study was a cross-sectional study that
was achieved in theMerjanMedicalCity laboratory in
Al-Hilla city, Iraq, between November 2022 and
March 2023. This study comprised 106 known type 1
and type 2 diabetic patients. All of the patients had

been taking drugs to treat DM and disease compli-
cations. All participants patients signed informed
consent. Descriptive data, including age, sex and type
of DM (type 1 or type 2), were obtained from all par-
ticipants. A list of current medications used for DM
control and their routes of administration were also
obtained. 5 ml of venous blood, was collected from all
patients by a laboratory technician to determine
random blood glucose andHbA1c levels. Participants
were regarded as having good glycemic control when
HbA1c was <8 %, whereas those with HbA1c � 8 %
were regarded as having uncontrolled DM [14].

1.1. Statistical analysis Q5

IBM SPSS software (version 26) was used to carry
out the statistics of the current study. The Kolmo-
gorov-Smirnov test was utilized to verify if all vari-
ables had a normal distribution. Frequencies and
percentages were utilized to represent qualitative
variables, whereas means ± standard deviation,
medians, and [IQRs] (interquartile ranges) were
utilized to represent continuous variables. The
values of significance of qualitative variables were
determined via the Chi-square test, while the values
of significance of continuous variables were deter-
mined via the Mann-Whitney U test. The Spear-
man's correlation test was employed to analyze the
correlation between HbA1c and RBG's values. A P-
value of less than 0.001 specified that the results
were statistically significant.

2. Results

2.1. Characteristics of participants

The age ranges of participants were (18e75 years),
with most participants aged 40e59 years. The
number of males and females who participated was
50 and 56, respectively. Most participants (85) had
type 2 DM. The median RBG was 197.50 (254e170)
mg/dL, while the mean HbA1c was 8.11 ± 1.95 %.
The mean HbA1c in participants on sulfonylurease
therapy was 8.31 ± 2.25 %, on metformin therapy
was 7.17 ± 1.35 %, and on sitagliptin therapy was
9.26 ± 1.95 %. The characteristics of the participants
regarding their glycemic control (HbA1c <8 % or
�8 %) are mentioned in Table 1.

2.2. Association of HbA1c with RBG

As appeared in Table 1, the HbA1c level was
significantly declined in participants with good
glycemic control (52.5 ± 0.73) compared with those
with glycemic uncontrolled 156.47 ± 1.57 (P < 0.001).
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Also RBG levels were significantly lower in partici-
pants with good glycemic control 185 (250-150)
compared with those with glycemic uncontrolled
212 (300-180) (P < 0.001).

2.3. Effect of antidiabetic drugs on HbA1C levels

As shown in Table 1, the effects of antidiabetic
drugs (sulfonylurease, metformin and sitagliptin)
revealed significant lowering of HbA1c levels in
participants with good glycemic control compared
with those with glycemic uncontrolled (p < 0.001).
Correlation of HbA1c with RBG. Correlation an-

alyses confirmed significant direct correlations be-
tween HbA1c and RBG (r ¼ 0.47, P < 0.001) as
explained in Table 2 and Fig. 1.

Table 1. Characteristics of the participants patients regarding to the glycemic Q6control.

Characteristics HbA1c (n ¼ 106)

Good glycemic control, HbA1c <8 % Glycemic uncontrolled, HbA1c � 8 % P-value

53 (50 %) 53 (50 %) 1.000a

Age (years)
20e39 19 (86.4 %) 3 (13.6 %) <0.001a

40e59 26 (40.6 %) 38 (59.4 %)
≥60 8 (40 %) 12 (60 %)
Sex
Male 21 (42 %) 29 (58 %) 0.431a

Female 32 (57.1 %) 24 (42.9 %)
Type of DM
Type 1 18 (85.7 %) 3 (14.3 %) <0.001a

Type 2 34 (40 %) 51 (60 %)
RBG (mg/dL) 185 (250-150) 212 (300-180) <0.001b

HbA1c (%) ±52.550.73 156.47 ± 1.57 <0.001c

Antidiabetic drugs
Sulfonylurease 14.50 ± 0.59 44.50 ± 1.75 <0.001c

Metformin 0.86 ± 22.00 55.500.48± <0.001c

Sitagliptin ±5.500.69 33.50 ± 1.63 <0.001c

a Chi-square values are indicated by frequency (%).
b Mann-Whitney values are indicated by median (IQRs).
c Mann-Whitney values are indicated by mean ± standard deviation.

Table 2. Correlation of HbA1c and RBG levels.

Variables r P-value

HbA1c (%) 0.47 <0.001
RBG (mg/dL)

Spearman's correlation test was used for calculation of P-value. r
is correlation coefficient.

Fig. 1. Correlation of HbA1c and RBG levels (Significant correlation between HbA1c and RBG levels).
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3. Discussion

Our study was a cross-sectional study and the aim
was to assess if there was an association between
HbA1c and RBG levels in adults with DM. It was
found that patients with good glycemic control
exhibited significantly lower HbA1c and RBG levels
compared with patients with uncontrolled DM. In
addition, our results indicate that there is a signifi-
cant direct correlation between HbA1c and RBG.
These results were in agreement with the results of
other studies. For example, Alkhatatbeh et al. [15]
and Asgharzadeh et al. [16] noted a significant low
HbA1c level in glycemic control patients compared
to those with uncontrolled DM. Also, Bowen et al.
[17] found that RBG levels in prediabetes
(HbA1c < 6.5 %) were significantly lowered
compared with diabetes (HbA1c > 6.5 %). Kasmi
et al. [11] concluded that any increase in RBG level
was directly proportional to an increase in HbA1c
level. Sikaris [18] showed that postprandial glucose
(PPG) levels directly correlate with HbA1c better
than fasting blood glucose levels. Hershon et al. [19]
concluded that PPG is a significant contributor to
HbA1c.
Traditional diabetes risk factors, including hy-

pertension, obesity, and atherogenic dyslipidemia,
don't completely explain the elevated CVD risk that
comes with diabetes. Elevated A1C levels are widely
recognized to be linked to an elevated risk of
developing cardiovascular disease [20]. Further-
more, the majority of advanced countries have uti-
lized HbA1c, the essential and recently approved
fundamental marker for long-term follow up of
glycaemic control [13]. The International Diabetes
Federation (IDF) is supporting blood glucose mea-
surement as a way of monitoring glycaemic control
in individuals with type 2 diabetes when HbA1c is
not available [21]. Because the HA1c test is costly, its
availability in settings with restricted resources is
severely limited [22]. When more sophisticated
laboratory testing is not practical, RBG ¼ 160 mg/dL
may be a reliable cut-off value to evaluate long-term
glycaemic control in a resource-poor setting, as
recommended by the IDF [23]. However, as
demonstrated by Bleyer et al., The relationship be-
tween HbA1c and RBG varies according to ethnicity.
Additionally, data from different countries indicates
the possibility that the cut-off number for RBG may
not be the same as that indicated by the IDF [24e26].
For our study's evaluation, RBG is more accessible
than a 2-h PPG since it is an untimed sample.
However, information on the effectiveness of RBG
as a tool for assessing glycemic control is quite
limited.

The present study had some restrictions. First, it
was cross-sectional research conducted at a hospital.
Second, we have limited data on the duration of the
DM, the types of treatments administered, and any
existing comorbidities in our participants. In the
future, we hope to perform thorough prospective
research with a thorough investigation of clinical
and demographic data.

4. Conclusion and recommendations

RBG was directly correlated with HbA1c and may
be utilized to indicate glycemic control in patients
with DM when the accessible to HbA1c test is
difficult or not available. Future recommendations
encompass further studies that aimed to assess the
consistency of the relation between RBG and HbA1c
over extended period. This could encompass the
inclusion of heterogeneous populations to evaluate
demographic contradiction in findings and the
consideration of alternative methodologies for gly-
cemic control, like continues glucose monitoring.
Furthermore, initiating of clinical trials on RBG
measurements is critical for diabetes management
improvement. Evaluating their cost effectiveness is
fundamental for decision-making.

Ethical approval

This study was ethically approved by the Uni-
versity of Babylon/College of Pharmacy ethical
committee (approval no. 2022-C1, date. 17/10/2022).

Source of funding

No source of Q1funding.

Conflict of Interest

No conflict of interest.

References

[1] Mousa Mazin J, Saffar Hayder Sabeeh Al, Al-Hindy Hayder
Abdul-Amir Maki. Low level laser (biophotomodulation)
therapy for the treatment of diabetic foot ulcers with 532 nm
KTP laser induces wound healing, fibroblast proliferation
and over-expression of TGF-b. SRP 2020;11(6):396e403.
https://doi.org/10.31838/srp.2020.6.63.

[2] Al-Joda BM, Al-Hindy HA-AM, Mousa MJ. Exploring the
role of vitamin D2, parathyroid hormone, and C-peptides as
biomarkers in diabetic neuropathy development. Med J
Babylon 2024. https://doi.org/10.4103/mjbl.mjbl_1568_23.

[3] Abd-Ulhussein HK, Rizij FA. Evaluation of the effect of
dapagliflozin on atherosclerosis progression by interfering
with inflammatory and oxidative stress pathways in rabbits.
Med J Babylon 2019;16:20e4. https://doi.org/10.4103/MJBL.
MJBL_104_18.

[4] Schnell O, Crocker JB, Weng J. Impact of HbA1c testing at
point of care on diabetes management. J Diabetes Sci Technol
2017;11(3):611e7. https://doi.org/10.1177/1932296816678263.

4 MA'AEN JOURNAL FOR MEDICAL SCIENCES 2024;XX:1e5

https://doi.org/10.31838/srp.2020.6.63
https://doi.org/10.4103/mjbl.mjbl_1568_23
https://doi.org/10.4103/MJBL.MJBL_104_18
https://doi.org/10.4103/MJBL.MJBL_104_18
https://doi.org/10.1177/1932296816678263
HK
Typewriter
This research is self- funding



[5] Gillery P. A history of HbA1c through clinical chemistry and
laboratory medicine. Clin Chem Lab Med 2013;51(1):65e74.
https://doi.org/10.1515/cclm-2012-0548.

[6] Diabetes Control and Complications Trial Research Group.
The effect of intensive treatment of diabetes on the devel-
opment and progression of long-term complications in in-
sulin-dependent diabetes mellitus. N Engl J Med 1993;329(14):
977e86. https://doi.org/10.1056/NEJM199309303291401.

[7] UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin
compared with conventional treatment and risk of compli-
cations in patients with type 2 diabetes (UKPDS 33). Lancet
1998;352(9131):837e53.

[8] Lian J, Liang Y. Diabetes management in the real world and
the impact of adherence to guideline recommendations.
Curr Med Res Opin 2014;30(11):2233e40. https://doi.org/10.
1185/03007995.2014.

[9] American Diabetes Association. Standards of medical care in
diabetesd2016. Diabetes Care 2016;39(suppl 1):S1e112.

[10] Ryd�en L, Grant PJ, Anker SD, Berne C, Cosentino F,
Danchin N, et al. ESC Guidelines on diabetes, pre-diabetes,
and cardiovascular diseases developed in collaboration
with the EASD: the Task Force on diabetes, prediabetes,
and cardiovascular diseases of the European Society of
Cardiology (ESC) and developed in collaboration with
the European Association for the Study of Diabetes (EASD).
Eur Heart J 2013;34(39):3035e87. https://doi.org/10.1093/
eurheartj/eht108.

[11] Kazmi NHS, Gillani S, Afzal S, Hussain S. Correlation
between glycated haemoglobin levels and random
blood glucose. J Ayub Med Coll Abbottabad 2013;25(1e2):
86e8.

[12] Sidorenkov G, Haaijer-ruskamp FM, de ZeeuwD, Denig P.
A longitudinal study examining adherence to guidelines in
diabetes care according to different definitions of adequacy
and timeliness. PLoS One 2011;6(9):e24278. https://doi.org/
10.1371/journal.pone.0024278.

[13] Ul-Ain Q, Latif A, Jaffar SR, Ijaz A. Evaluation of random
plasma glucose for assessment of glycaemic control in type 2
diabetes mellitus. J Pakistan Med Assoc 2017;67(9):1353e6.

[14] Leino A, Turpeinen U, Koskinen P. Automated measurement
of 25-OH vitamin D3 on the Roche Modular E170 analyzer.
Clin Chem 2008;54:2059e62. https://doi.org/10.1373/clin-
chem.2008.111732.

[15] Alkhatatbeh MJ, Abdul-Razzak KK. Association between
serum 25-hydroxyvitamin D, hemoglobin A1c and fasting

blood glucose levels in adults with diabetes mellitus. Biomed
Rep 2018;9(6):523e30. https://doi.org/10.3892/br.2018.1159.

[16] Asgharzadeh M, Pourasghary S, Pourasghary B,
Nourazarian M, Kafil HS. Effective factors in controlling
diabetes progression among patients in the northwest of
Iran. J Nat Sci Biol Med 2016;7(1):68e71. https://doi.org/10.
4103/0976-9668.175075.

[17] Bowen ME, Xuan L, Lingvay I, Halm EA. Random blood
glucose: a robust risk factor for Type2 diabetes. J Clin
Endocrinol Metab 2015;100(4):1503e10. https://doi.org/10.
1210/jc.2014-4116.

[18] Sikaris K. The correlation of hemoglobin A1c to blood
glucose. J Diabetes Sci Technol 2009;3(3):429e38. https://doi.
org/10.1177/193229680900300305.

[19] Hershon KS, Hirsch BR, Odugbesan O. Importance of post-
prandial glucose in relation to A1C and cardiovascular dis-
ease. Clin Diabetes 2019;37(3):250e9. https://doi.org/10.2337/
cd18-0040.

[20] Båvenholm PN, Efendic S. Postprandial hyperglycaemia and
vascular damage: the benefits of acarbose. Diabetes Vasc Dis
Res 2006;3:72e9. https://doi.org/10.3132/dvdr.2006.017.

[21] Rasmussen JB, Nordin LS, Rasmussen NS, Thomsen JA,
Street LA, Bygbjerg IC. Random blood glucose may be used
to assess long-term glycaemic control among patients with
type 2 diabetes mellitus in a rural African clinical setting.
TMIH 2014;19(12):1515e9. https://doi.org/10.1111/tmi.12391.

[22] Ketema EB, Kibret KT. Correlation of fasting and post-
prandial plasma glucose with HbA1c in assessing glycemic
control; systematic review and meta-analysis. Arch Publ
Health 2015;73:43. https://doi.org/10.1186/s13690-015-0088-6.

[23] International Diabetes Federation Guideline Development
Group. Global guideline for type 2 diabetes. Diabetes Res
Clin Pract 2014:104e11. Q7

[24] Bleyer AJ, Hire D, Russell GB, Xu J, Divers J, Shihabi Z, et al.
Ethnic variation in the correlation between random serum
glucose concentration and glycatedhaemoglobin. Diabet Med
2009:26e12833. https://doi.org/10.1111/j.1464-5491.2008.02646.x.

[25] Gill GV, Hardey KJ, Patrick AW, Masterson A. Random
blood glucose estimation in type 2 diabetes: does it reflect
overall glycaemic control? Diabet Med 1994:11e7058. https://
doi.org/10.1111/j.1464-5491.1994.tb00337.x.

[26] Otieno FC, Ng'ang'a L, Kariuki M. Validity of random blood
glucose as a predictor of the quality of glycaemic control by
glycated haemoglobin in outpatient diabetic patients at
Kenyatta National Hospital. East Afr Med J 2002:79e491.
https://doi.org/10.4314/eamj.v79i9.9122.

MA'AEN JOURNAL FOR MEDICAL SCIENCES 2024;XX:1e5 5

https://doi.org/10.1515/cclm-2012-0548
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1185/03007995.2014
https://doi.org/10.1185/03007995.2014
https://doi.org/10.1093/eurheartj/eht108
https://doi.org/10.1093/eurheartj/eht108
https://doi.org/10.1371/journal.pone.0024278
https://doi.org/10.1371/journal.pone.0024278
https://doi.org/10.1373/clinchem.2008.111732
https://doi.org/10.1373/clinchem.2008.111732
https://doi.org/10.3892/br.2018.1159
https://doi.org/10.4103/0976-9668.175075
https://doi.org/10.4103/0976-9668.175075
https://doi.org/10.1210/jc.2014-4116
https://doi.org/10.1210/jc.2014-4116
https://doi.org/10.1177/193229680900300305
https://doi.org/10.1177/193229680900300305
https://doi.org/10.2337/cd18-0040
https://doi.org/10.2337/cd18-0040
https://doi.org/10.3132/dvdr.2006.017
https://doi.org/10.1111/tmi.12391
https://doi.org/10.1186/s13690-015-0088-6
https://doi.org/10.1111/j.1464-5491.2008.02646.x
https://doi.org/10.1111/j.1464-5491.1994.tb00337.x
https://doi.org/10.1111/j.1464-5491.1994.tb00337.x
https://doi.org/10.4314/eamj.v79i9.9122
HK
Typewriter
2014;104(1):1-52. doi: 10.1016/j.diabres.2012.10.001.



Our reference: MAJMS 1065 P-authorquery-v9

AUTHOR QUERY FORM

Journal: MAJMS

Article Number: 1065

Please share your corrections or revision and any artwork related

corrections to Digital common site.

E-mail: publishing.services@cs.bepress.com

Dear Author,

Please check your proof carefully and mark all corrections at the appropriate place in the proof (e.g., by using on-screen

annotation in the PDF file) or compile them in a separate list. It is crucial that you NOTmake direct edits to the PDF using

the editing tools as doing so could lead us to overlook your desired changes. Note: if you opt to annotate the file with

software other than Adobe Reader then please also highlight the appropriate place in the PDF file. To ensure fast publication of

your paper please return your corrections within 48 hours.

Any queries or remarks that have arisen during the processing of your manuscript are listed below and highlighted by flags in

the proof.

Location

in article
Query / Remark: Click on the Q link to find the query’s location in text

Please insert your reply or correction at the corresponding line in the proof

Q1 Correctly acknowledging the primary funders and grant IDs of your research is important to ensure

compliance with funder policies. Please make sure that funders are mentioned accordingly.

Q2 Please check the edit made in corresponding author address, an correct if necessary.

Q3 Please note that we have received two sets of Abstract from the manuscript and the title page. Therefore, we

followed the Abstract from the manuscript. Kindly check and correct if necessary.

Q4 Please note that, as per standardization “Introduction” section heading is not allowed. Hence we have

removed it. Kindly check and correct if necessary.

Q5 Please check the hierarchy of the section headings.

Q6 Please provide a definition for the significance of “bold” values in the Tables 1, 2.

Q7 Please verify the page range in Ref. [23].

Thank you for your assistance.

mailto:publishing.services@cs.bepress.com

	Random blood glucose as an alternative to glycated hemoglobin for assessing glycemic control in diabetes mellitus patients. Cross-sectional study in Babylon province, Iraq
	Random Blood Glucose as an Alternative to Glycated Hemoglobin for Assessing Glycemic Control in Diabetes Mellitus Patients. ...
	1. Materials and methods
	1.1. Statistical analysis

	2. Results
	2.1. Characteristics of participants
	2.2. Association of HbA1c with RBG
	2.3. Effect of antidiabetic drugs on HbA1C levels

	3. Discussion
	4. Conclusion and recommendations
	Ethical approval
	Source of funding
	Conflict of Interest
	References


