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ABSTRACT

Background: Diabetes mellitus [DM] is the well-known endocrine problem
where the body either doesn't deliver sufficient insulin or has a resistance
to the circulating insulin. Atherosclerotic cardiovascular disease stays the

Article information

Received: || 28-08-2022 chief reason of death and disability among diabetic patients, particularly in
type |1 DM patients.
Accepted: | 18-10-2022 Aim of the work: To correlate between glycated Hemoglobin [HBA1C],
carotid, peripheral and coronary artery disease in type || DM patients.
DOI: Patients and methods: This is an observational study of 122 type || DM
; patients who were admitted to National Institute of Diabetes and
126221608/”MA'2022'159085' Endocrinology. A full history, a full clinical examination, 12 lead-ECG,

Echocardiography, Carotid duplex, Ankle-brachial index [ABI]

measurement, HbAL1C and Invasive non emergent coronary angiography

*Corresponding author were done.

Email:

Results: Carotid intima-media thickness [IMT] in patients with HbA1C >7%
mohammednabil891@gmail.com

was significantly higher than those with HbA1C<7, HbA1C had a
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lower in patients with HhDA1C>7% compared to those with HbA1C<7%,
Number of diseased coronary vessels was significantly higher in patients
with higher HbA1C >7% compared to those with HhA1C>7%, ABI had a
significant negative correlation with number of diseased coronary vessels
and IMT had a significant positive correlation with number of diseased
coronary vessels in patients with higher HbA1C >7% with no significant
correlation in those with HbA1C<7%.
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Conclusion: Our results showed a significant correlation between HbA1C and
1IMA.2022.159085.1502

Carotid atherosclerosis, Peripheral artery disease [PAD] and Coronary
Artery disease [CAD] severity based on number of diseased coronary
vessels in uncontrolled T2DM patients.
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INTRODUCTION

Diabetes mellitus [DM] is the well-known
endocrine problem where the body either
doesn't deliver sufficient insulin or has a
resistance to the circulating insulin, and is
described by high glucose levels over prolonged
periods [,

DM is a developing worldwide medical
problem. In 2000, DM affected an expected 171
million individuals in the entire world expanded
on 2011 to in excess of 366 million individuals
and expected to be in excess of 552 million by
2030 1,

Atherosclerotic ~ cardiovascular  disease
[ASCVD] stays the main cause of death and
disability among DM patients, particularly in
type Il DM [T2DM] patients happening 14.6
years earlier, with greater seriousness, and with
more diffuse dissemination than in people
without DM B,

Peripheral artery disease [PAD] is a chronic
progressive atherosclerotic disease causing

fractional or total peripheral vascular
impediment. PAD regularly influences the
abdominal  aorta, iliac arteries, lower

limbs, and sporadically the upper limbs 1,

The ankle-brachial index [ABI] is a cheap
and reliable technique for evaluating lower limb

hemodynamics  with a  sensitivity  of
distinguishing  angiographically  significant
stenosis 94% to 97% B,

Carotid arterial disease is a major

macrovascular complication of DM linked to
stroke and cardiovascular disease. It is generally
evaluated by ultrasound which can discover
atherosclerotic plague and quantify intima-
media thickness [IMT] 1,

Glycated hemoglobin [HbAlc] is the most
utilized clinical test to assess mean blood
glucose. It is utilized to diagnose DM and to
screen the adequacy of treatment. HbAL1C was
the estimation studied in clinical preliminaries
exhibiting the advantages of improved glycemic
control on micro vascular and macro vascular
results [,

PATIENTS AND METHODS

It is an observational study was performed
on 122 T2DM patients over 50 years' old who
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were admitted to National Institute of Diabetes
and Endocrinology during the period from
January 2019 to June 2021. According to the
American diabetic association [ADA], reducing
HbA1C below or around 7.0% has been found
to reduce microvascular complications and
macrovascular disease. The glycemic target for
non-pregnant persons with diabetes is 7.0% [,
So the patients were classified according to the
HbA1C into: Group | which included 68
patients with HbA1C level >7 % and Group I
which included 54 patients with HbA1C level
<7 %. The patients were enrolled according to
the following criteria:

Inclusion criteria: T2DM patients with
documented coronary artery disease [CAD]
diagnosed by non-emergent invasive coronary
angiography were included.

Exclusion Criteria: non diabetic patients,
type | diabetic patients, pregnant females,
patients with lower limb amputation, patients
with lower limb trauma and patients with
chronic kidney disease.

Patients who were to be accepted in this
study were selected after obtaining the ethical
approval of the Faculty of Medicine, Al-Azhar
university ethical committee.

All the patients were subjected to the
following: personal, present, past and family
history and the major coronary artery disease
documented risk factors [Hypertension, DM,
Smoking, Family history of CAD], clinical
examination: Including general and local
examination including blood pressure, body
mass index, 12 leads surface ECG was done.
Routine echocardiography study was performed
with special emphasis on ejection fraction
measured in parasternal long axis and apical 4
views using 2D eye-balling or Simpson's
method by expert operators using a SIEMENS
ACUSON x300 machine [, Routine laboratory
testing: Hemoglobin, Serum creatinine, HbA1C,
Lipid profile was done.

Invasive coronary Angiogram: using
Seldinger's technique, Standard views of
coronary angiogram were evaluated. With left-
dominant, balanced or  right-dominant
circulations, three major coronary arteries: the
left anterior descending [LAD], the circumflex,
and the right coronary artery [RCA], were
assessed 1% The degree of disease characterized
as one-vessel, two-vessel, three-vessel, or left


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347847/#CIT0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347847/#CIT0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347847/#CIT0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347847/#CIT0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347847/#CIT0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347847/#CIT0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3347847/#CIT0001

Darwish MN, et al.

IJMA 2022 September; 4 [9]: 2633-2640

main disease, with a significant stenosis as
being narrowed by either a > 70% decrease of
the internal diameter of at least one major
coronary artery or a > 50% decrease of the
internal diameter of the left main [LM] coronary
artery [, All coronary angiograms were
evaluated by an interventional cardiologist.

Carotid US: The intima-media thickness
[IMT] of the common carotid artery was
assessed by carotid US. An expert sonographer
used a machine [ACUSON NX3 Elite;
SIEMENS] to perform high resolution B-mode,
color Doppler, and pulse Doppler US of both
carotid arteries. Patients were examined while
lying on their backs with their heads slightly
cocked back. Transverse scans were used to find
the carotid arteries, and then the probe was
turned 90 degrees to capture and record
longitudinal pictures of the bilateral carotid
arteries. High-resolution photos were taken of
the internal carotid arteries, carotid bulbs, and
the distant wall of the bilateral common carotid
arteries. IMT was defined as the space between
the media-adventitia echo's leading edge and the
lumen-intima echo's leading edge. For each
common carotid artery, measurements were
obtained over a 1-cm length and recorded from
both sides [,

Ankle brachial index [ABI]
measurements by Doppler device: The
patients were asked to lie in a supine position on
an examination table with his arms and legs at
one level with the heart, for at least 10 minutes
before assessment, a suitable sized sphygmo-
manometer cuff for both the ankle and the arms;
the cuff width was at least 40% greater than the
limb circumference. The cuff was placed on the
leg with average 2-3 cm above the malleolus.
Doppler device was used to check the brachial,
dorsalis pedis, and posterior tibial pulses. The
brachial systolic pressures of both arms were
measured, and the higher was selected. Anterior
tibial and posterior tibial systolic pressures of
the lower limb were obtained, and we selected
the higher of the 2 measurement as the ankle
pressure value. Ankle pressure is divided by
brachial artery pressure to produce the ABI
value 31,

Ankle-Brachial Index Diagnostic
Standards for PAD of the Lower limbs: 1.0 to
1.3: normal, 0.9 to 1.0: borderline, 0.7 to 0.9:
mild PAD, 0.4 to 0.7: moderate PAD, < 0.4:
severe PAD B,
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Statistical Analysis: The SPSS v26
statistical analysis programme was used [IBM
Inc., Chicago, IL, USA]. The unpaired Student's
t-test was used to compare gquantitative data
between the two groups. Quantitative variables
were provided as mean and standard deviation
[SD]. When appropriate, the Chi-square test or
Fisher's exact test was used to analyse
qualitative variables, which were provided as
frequency and percentages [%]. A two tailed P
value < 0.05 was considered statistically
significant, Pearson correlation was done to
estimate the degree of correlation between two
quantitative variables, a logistic regression
analysis was performed to predict a dependent
data variable by analyzing the relationship
between one or more existing independent
variables.

RESULTS

Patients were classified according to
HbA1C level into two groups: group I: included
68 patients with HbAL1C level >7 % and group
Il: included 54 patients with HbALC level <7 %.

Age, sex, the incidence of HTN and
smoking were insignificantly different between
both groups. Group I's BMI was considerably
greater than Group IlI's [P value<0.001] [Table
1].

Patients with HbA1C >7% had right carotid
IMT that spanned from 0.6 to 1.5 mm, with an
average of 1.01 + 0.18 mm, which was
substantially greater than the span for patients
with HbA1C <7%, which was from 0.5 to 1.2
mm, with an average of 0.8 + 0.15 mm. Patients
with HbA1C >7% had left carotid IMT that
spanned from 0.7 to 1.2 mm, with an average of
1.01 + 0.15 mm, which was substantially greater
than the span for patients with HbA1C <7%,
which was from 0.7 to 1.1 mm, with an average
of 0.84 = 0.14 mm. Regarding plaque site in
patients with HbA1C>7%, it was located in
proximal ICA in 8 [11.8%] patients, in right
CCA in 6 [8.8%] patients, in Lt CCA in 8
[11.8%], in Lt ICA origin in 8 [11.8%] patients
and 6 [8.8%] patients had bifurcation calcific
plaque. Regarding plaque site in patients with
HbA1C<7%, it was located in proximal ICA in
1 [1.9%] patient, and in Lt ICA origin in 1
[1.9%] patient, therefore, plaque site was
significantly different between both groups [P
value<0.05]. Patients with HbA1C > 7% had
plaque sizes that varied from 13.5 to 29.5 mm2,
with a mean of 26.06 = 4.52 mm2, which was
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considerably larger than the plaque sizes of patients with higher HbA1C >7%. [P
patients with HbA1C<7%, which ranged from value<0.001] [Table 4].
5.6 to 21.2 mm2 and had a mean of 11.72 + 8.35
mm? [Table 2]. HbAIC had a significant positive
correlation with right and left carotid IMT
Patients with HbAL1C>7% had significantly [r=0.348, P<0.001], [r= 0.393, P<0.001]
lower ABI than those with HDA1C<7% [P value respectively [Table 5].
<0.001] [Table 3].
In patients with HbA1C>7%, ABI had a
Patients with one vessel disease were 32 strong inverse relationship with number of
[47.06%], 42 [77.78%] in group | & Il vessels [r=-0.263, P= 0.03] while right and left
respectively, patients with two vessels disease IMT had a considerable positive relationship
were 15 [22.06%], 9 [16.67%] in group | &Il with number of affected vessels [r= 0.28, 0.27,
respectively and patients with three vessels P=0.021, 0.026 respectively]. While in patients
disease were 21 [30.88%], 3 [5.56%] in group with HbA1C<7%, ABI, right and left IMT had
I&Il respectively. In comparison to patients no significant correlation with number of
with HbA1C <7%, the number of diseased affected vessel [Table 6].
coronary vessels was significantly greater in

Table [1]: Demographic data of the studied groups

Group | [n =68] Group Il [n =54] P value
Age [years] Mean + SD 59.38 + 6.23 57.96 + 6.71 0.229
Range 50-71 50 - 76 ’
Sex Male 44 [64.7%] 32 [59.3%] 0.538
Female 24 [35.3%] 22 [40.7%] '
BMI [kg/m?] Mean = SD 29.91+4.19 25.77+2.84 <0.001*
Range 22 -37 22 - 35 '
Hypertension 31 [45.6%)] 29 [53.7%)] 0.373
Smoking 25 [36.8%] 23 [42.6%] 0.512

BMI: Body Mass Index

Table [2]: Carotid duplex of the studied groups

Group 11 P value
[n=54]

RT carotid IMT [mm] Mean + SD 1.01+0.18 0.8+0.15 <0.001*
Range 0.6-15 05-1.2

LT carotid IMT [mm] Mean + SD 1.01+£0.15 0.84+0.14 <0.001*
Range 0.7-12 0.7-11

Plaque site Proximal ICA 8[11.8%] 1[1.9%)] 0.033*

Rt CCA 6 [8.8%] 0 [0%] 0.028*

Lt CCA 7 [10.3%)] 0 [0%] 0.013*

Lt ICA origin 8 [11.8%)] 1[1.9%] 0.033*

Bifurcation calcific plaque 6 [8.8%] 0 [0%] 0.023*

Plague size [mm?] Mean + SD 26.06 + 4.52 11.72 +8.35 0.001*
Range 13.5-295 5.6-21.2

IMT: Intima-Media Thickness.
Table [3]: ABI of the studied groups

Mean + SD 0.89 + 0.22 1.08 £0.18 <0.001*
Range 0.46-1.3 0.64-1.3
ABI: Ankle brachial index.

Table [4]: Coronary angiography of the studied groups

Group | [n = 68] Group Il [n =54] P value

Number of affected vessels 1 vessel 32 [47.06%0] 42 [77.78%] <0.001*
2 vessels 15 [22.06%0] 9 [16.67%0]
3 vessels 21 [30.88%] 3 [5.56%]
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Table [5]: Correlation between HbALC, peripheral artery disease [ABI] and carotid artery disease
[IMT]

r

0.348

HbA1C

P

<0.001*

Rt Carotid IMT Lt Carotid IMT

P
<0.001*

r

0.393

Table [6]: Correlation between coronary artery disease [number of affected vessels], peripheral artery
disease [ABI] and carotid artery disease [IMT] in group | [patients with HbAL1C >7%] and group Il
[patients with HbA1C <7%]

Patients with No. of affected vessels

HbA1c>7%

Patients with No. of affected vessels

HbA1c<7%

DISCUSSION

Based on study findings and international
diabetes recommendations, the HbAlc is
considered as the key predictor of complications
in diabetes since it shows a chronic
hyperglycemic state (41,

According to the ADA, reducing HbALC
below or around 7.0% has been found to reduce
microvascular complications and macrovascular
disease. The glycemic target for non-pregnant
persons with diabetes is 7.0%. Therefore, for the
majority of persons with diabetes, a HbA1C
level of 7.0% suggests glycemic control ©l. So
the study population was divided into two
groups [group | HbA1C>7 and group Il HbA1C
<7].

In the current study, Group I's BMI was
considerably greater than Group IlI's [P
value<0.001], the mean BMI of group | was
29.91kg/m? while mean BMI of group Il was
25.77kg/m?. In accordance with our results, a
study conducted by Boye et al. * on 304073
diabetic patients reported that elevated BMI
classification was linked to elevated HbAlc
values.

In the current study, Carotid duplex findings
[carotid intima media thickness and carotid
plague] were considerably greater in group I
compared to group Il [P values<0.05], HbA1C
had a significant direct relationship with right
[r=0.348, P<0.001] and left carotid IMT [r=
0.393, P<0.001].

-0.

-0.
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ABI Rt Carotid IMT Lt Carotid IMT
r P r P r P
263 | 0.03* | 0.28 | 0.021* 0.27 0.026*
055 0.658 @ 0.212 0.084 0.205 0.096

Our findings were also compatible with the
work of Kanakaraju and Ranganathan [6
who reported that a strong favourable
relationship between both carotid IMT and
HbA1lc [p < 0.001 for both carotids].

Furthermore, another study conducted by
Singh et al. I reported that HbAlc readings
were greater in patients with high CIMT than in
those with normal CIMT, and this difference
was almost significant [P = 0.06].

Also Lee et al. '8 reported that HbAlc was
independently linked to increase in CIMT [p =
0.045].

A multiethnic study by McNeely et al. [9
revealed that greater CIMT values are
associated with higher HbAlc values [6 £ 0.3%]
compared to lower HbAlc values [5 £ 0.2%]
[0.87 vs. 0.85 mm, p = 0.003, respectively].

Several studies conducted on patients with
DM found significant correlation between high
HbAZ1c and increased CIMT [20-23],

On the contrary, HbAlc and CIMT results
did not significantly correlate with one another,
according to Du et al. @ and Olt et al. ?°.. Both
of the previous authors disagree with our
findings.

When it comes to the ABI, it had a
significant negative correlation with HbAlc,
Patients with HbA1C>7% had significantly
lower ABI than those with HbA1C<7% [P value
= 0.003]. This was compatible with the study by
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Liu et al. %1 who reported that OR of HbA1C
for low ABI was of statistical significance.
HbAlc was freely straightly linked to left and
right ABI [P < 0.001].

Another Egyptian study included 93
subjects, also reported the same significant
negative correlation [r = -0.459 — p < 0.001] &7,
Furthermore, an additional Nigerean study
conducting on 150 T2DM patients confirmed
the same relationship 1221,

In our study, HbAlc levels showed a
significant positive correlation with the quantity
of diseased coronary vessels. In comparison to
patients with HbA1C <7%, the number of
diseased coronary vessels was significantly
greater in patients with higher HbA1C >7%. [P-
value <0.001].

In accordance with our findings, a study
conducted by Dutta et al. I reported that
increase in HbAlc level was firmly related with
CAD severity and higher SYNTAX score. A
huge increment was noted in the mean number
of affected vessels [p-value < 0.001] as HbAlc
level increments.

Also Hong et al. B revealed an immediate
connection between HbAlc levels and the
seriousness of CAD in light of the quantity of
affected vessels in patients with stable angina.
They additionally observed that HbA1C was a
free indicator of seriousness of CAD [p <
0.001].

In our study, ABI had a strong inverse
relationship with number of affected coronary
vessels [r=-0.263, P= 0.03] in group | [patients
with HbA1C >7], while ABI did not
significantly link to number of diseased
coronary vessels in group Il [patients with
HbAL1C<7]. In the same context, Papamichael
et al. BY reported that ABI was linked to the
CAD severity as assessed by quantity of
diseased coronaries [p = 0.04].

Another study conducted by Benyakorn et
al. B2 showed that ABI was altogether
adversely related with the seriousness of
stenosis in CAD by utilizing Syntax score. Also
Chen et al. ¥l reported that ABI was freely
connected to the numbers of affected coronary
vessels [P = 0.025].

In our study, right and left IMT significantly
correlated positively with quantity of affected
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coronary vessels [r= 0.28, 0.27, P= 0.021, 0.026
respectively] in group I [HbA1C >7], while in
group Il [HbALC <7] right and left IMT did not
significantly correlate with quantity of affected
vessels.

In same line with our results, Ciccone and
his colleague B4 conducted a study on 115
patients with significant stenosis at least in one
major coronary artery, the study results showed
a highly statistically significant relationship
between the degree of the quantity of coronary
artery with a critical impediment and the
increment of carotid IMT [P < 0.001].

Lekakis et al. % reported that carotid and
femoral IMT expanded fundamentally with an
increment in CAD severity measured by the
quantity of diseased coronaries and by Gensini
score.

Also Kablak-Ziembicka et al. B8 reported
that a significant, almost straight relationship
among IMT and developing CAD was found [p,
0.0001].

The limitation of the current work included
small sample size [126 patients] and single
center. However, we could recommend good
glycemic control in T2DM to delay DM
complications such as PAD, carotid
atherosclerosis and CAD. Further studies are
needed to show the association between
HbA1C, CAD, PAD and carotid Atherosclerosis

with large sample size and multicenter
involvement.
Conclusions: Our results showed a

significant correlation between HbALC and
Carotid atherosclerosis, PAD and CAD severity
based on number of diseased coronary vessels in
uncontrolled T2DM patients.

Financial support declaration: There are
no financial conflicts of interest to disclose.

Declaration of Conflicting Interest: The
authors declare that there is no conflict of
interest.

REFERENCES

1. Arnold SE, Arvanitakis Z, Macauley-Rambach
SL, Koenig AM, Wang HY, Ahima RS, et al.
Brain insulin resistance in type 2 diabetes and
Alzheimer disease: concepts and conundrums.
Nat Rev Neurol. 2018 Mar; 14[3]:168-181. doi:
10.1038/nrneurol.2017.185.



Darwish MN, et al.

IJMA 2022 September; 4 [9]: 2633-2640

2.

3.

Stewart MW. Diabetes and diabetic retinopathy:
overview of a worldwide epidemic. In: Diabetic
Retinopathy [textbook]. Adis, Singapore. 2017;
1-27. doi: 10.1007/978-981-10-3509-8_1.

Raggi P, Senior P, Shahbaz S, Kaul P, Hung R,
Coulden R, et al. 18F-sodium fluoride imaging of
coronary atherosclerosis in ambulatory patients
with diabetes mellitus. Arterioscler Thromb Vasc
Biol. 2019 Feb;39[2]:276-284. doi: 10.1161/
ATVBAHA.118.311711.

4. Klein AJ, Jaff MR, Gray BH, Aronow HD, Bersin

10.

11.

12.

RM, Diaz-Sandoval LJ, et al. SCAI appropriate
use criteria for peripheral arterial interventions:
An update. Catheter Cardiovasc Interv. 2017 Oct
1;90(4):E90-E110. doi: 10.1002/ccd.27141

Foley TR, Armstrong EJ and Waldo SW.
Contemporary evaluation and management of
lower extremity peripheral artery disease. Heart.
2016 Sep 15;102[18]:1436-41. doi: 10.1136/
heartjnl-2015-309076.

Ratchford EV, Evans NS. Carotid artery disease.
Vasc Med. 2014 Dec;19[6]:512-5. doi: 10.1177/
1358863X14557722.

. Riddle MC, Gerstein HC, Holman RR, Inzucchi

SE, Zinman B, Zoungas S, et al. A1C targets
should be personalized to maximize benefits
while limiting risks. Diabetes Care. 2018
Jun;41[6]:1121-1124. doi: 10.2337/dci18-0018.

Lind M, Pivodic A, Svensson A-M, Olafsdottir
AF, Wedel H, Ludvigsson J. HbAlc level as a
risk factor for retinopathy and nephropathy in
children and adults with type 1 diabetes: Swedish
population based cohort study. BMJ. 2019 Aug
28;366:14894. doi: 10.1136/bm;j.14894.

Lang RM, Badano LP, Mor-Avi V, Afilalo J,
Armstrong A, Ernande L, et al
Recommendations  for  cardiac  chamber
quantification by echocardiography in adults: an
update from the American Society of
Echocardiography and the European Association
of Cardiovascular Imaging. J Am Soc
Echocardiogr. 2015 Jan;28[1]:1-39.e14. doi:
10.1016/j.echo0.2014.10.003.

Caluk J. Procedural techniques of coronary
angiography, In Kirac S.[ed]: Advances in the
Diagnosis of Coronary Atherosclerosis. INTECH.
2011; P95-120.

Stankovic I, Milekic K, Vlahovic A, Putnikovic
B, Panic M, Vidakovic R, et al. Upright T wave
in precordial lead V1 indicates the presence of
significant coronary artery disease in patients
undergoing coronary angiography with otherwise
unremarkable electrocardiogram. Herz. 2012
Nov; 37[7]:756-61. doi: 10.1007/s00059-011-
3577-6.

Touboul PJ, Hennerici MG, Meairs S, Adams H,
Amarenco P, Bornstein N, et al. Mannheim

2639

13.

14.

15.

16.

17.

18.

19.

20.

carotid intima-media thickness and plaque
consensus [2004-2006-2011]. An update on
behalf of the advisory board of the 3rd, 4th and
5th watching the risk symposia, at the 13th, 15th
and 20th European Stroke Conferences,
Mannheim, Germany, 2004, Brussels, Belgium,
2006, and Hamburg, Germany, 2011.
Cerebrovasc Dis. 2012;34[4]:290-6. doi: 10.
1159/000343145.

Aboyans V, Criqui MH, Abraham P, Allison
MA, Creager MA, Diehm C, et al. Measurement
and Interpretation of the Ankle Brachial Index A
Scientific Statement From the American Heart
Association. Circulation. 2012 Dec 11;126[24]:
2890-909. doi: 10.1161/CIR.0b013e318276fhch.

Forbes A, Murrells T, Mulnier H, Sinclair AJ.
Mean HbAlc, HbAlc variability, and mortality
in people with diabetes aged 70 years and older: a
retrospective cohort study. Lancet Diabetes
Endocrinol. 2018 Jun;6[6]:476-486. doi: 10.1016/
$2213-8587[18]30048-2.

Boye KS, Lage MJ, Shinde S, Thieu V, Bae JP.
Trends in HbAlc and Body Mass Index Among
Individuals with Type 2 Diabetes: Evidence from
a US Database 2012-2019. Diabetes Ther. 2021
Jul;12[7]:2077-2087. doi: 10.1007/s13300-021-
01084-0.

Kanakaraju K, Ranganathan RS. Correlation of
blood sugar and lipid parameters with carotid
intima media thickness among patients with type
Il diabetes mellitus. Int J Med Res Rev. 2019
Apr;7[2]: 54-60.

Singh AS, Atam V, Chaudhary SC, Sawlani KK,
Patel ML, Saraf S, et al. Relation of glycated
hemoglobin with carotid atherosclerosis in
ischemic stroke patients: An observational study
in Indian population. Ann Indian Acad Neurol.
2013 Apr;16[2]:185-9. doi: 10.4103/0972-2327.
112462.

Lee SW, Kim HC, Lee YH, Song BM, Choi H,
Park JH, et al. Association between HbAlc and
carotid atherosclerosis among elderly Koreans
with normal fasting glucose. PLoS One. 2017
Feb 8;12[2]:e0171761. doi: 10.1371/journal.
pone.0171761.

McNeely MJ, McClelland RL, Bild DE, Jacobs
DR Jr, Tracy RP, Cushman M, et al. The
association between A1C and subclinical
cardiovascular disease: the multi-ethnic study of
atherosclerosis. Diabetes Care. 2009
Sep;32[9]:1727-33. doi: 10.2337/dc09-0074.

Mukai N, Ninomiya T, Hata J, Hirakawa Y,
lkeda F, Fukuhara M, et al. Association of
hemoglobin A 1c and glycated albumin with
carotid atherosclerosis in community-dwelling
Japanese subjects: the Hisayama Study.
Cardiovasc Diabetol. 2015 Jun 24;14:84. doi:
10.1186/s12933-015-0247-7.



Darwish MN, et al.

IJMA 2022 September; 4 [9]: 2633-2640

21.

22.

23.

24.

25.

26.

217.

28.

29.

Huang Y, Bi Y, Wang W, Xu M, Xu Y, Li M, et
al. Glycated hemoglobin Alc, fasting plasma
glucose, and two-hour postchallenge plasma
glucose levels in relation to carotid intima-media
thickness in chinese with normal glucose
tolerance. J Clin Endocrinol Metab. 2011
Sep;96[9]:E1461-5. doi: 10.1210/jc.2010-2697.

Venkataraman V, Amutha A, Anbalagan VP,
Deepa M, Anjana RM, Unnikrishnan R, et al.
Association of glycated hemoglobin with carotid
intimal medial thickness in Asian Indians with
normal  glucose tolerance. J  Diabetes
Complications. 2012 Nov-Dec;26[6]:526-30. doi:
10.1016/j.jdiacomp.2012.06.002.

Ma X, Shen Y, Hu X, Hao Y, Luo Y, Tang J, et
al. Associations of glycated haemoglobin Alc
and glycated albumin  with  subclinical
atherosclerosis in middle-aged and elderly
Chinese population with impaired glucose
regulation. Clin Exp Pharmacol Physiol. 2015
Jun;42[6]:582-7. doi: 10.1111/1440-1681.12394.

Du HW, Li JY, He Y. Glycemic and blood
pressure control in older patients with
hypertension and diabetes: association with
carotid atherosclerosis. J Geriatr Cardiol. 2011
Mar; 8[1]:24-30. doi: 10.3724/SP.J.1263.2011.
00024.

Olt S, Sirik M, Baykan AH, Celiker M. The
relationship between HbAlc and carotid intima-
media thickness in type 2 diabetic patients. Pan
African Med J. 2016;23[1], 224. doi: 10.11604/
pamj.2016.23.224.8970.

Liu H, Liu J, Zhao H, Wang H. Relationship
between glycated hemoglobin and low Ankle-
Brachial Index: a cross-sectional observational
study from the Beijing Vascular Disease
Evaluation Study [BEST Study]. Int Angiol. 2019
Dec;38[6]:502-507. doi: 10.23736/S0392-9590.
19.04210-X.

Saeed J, Mahmoud AA, Ahmed NA, Abeer AS.
Ankle Brachial Index As A Monitor of Diabetes
Type 2 Microvascular Complications. Med J
Cairo Univ. 2019Sep;87:3897-3903. doi: 10.
21608/mjcu.2019.70142.

Soyoye DO, Ikem RT, Kolawole BA, Oluwadiya
KS, Bolarinwa RA, Adebayo OJ. Prevalence and
correlates of peripheral arterial disease in
Nigerians with type 2 diabetes. Adv Med.
2016;2016:3529419. doi: 10.1155/2016/3529419.

Dutta B, Neginhal M, Igbal F. Glycated
Hemoglobin [HbAlc] Correlation with Severity

2640

30.

31.

32.

33.

34.

35.

36.

of Coronary Artery Disease in non-diabetic
Patients - A Hospital based Study from north-
Eastern India. J Clin Diagn Res. 2016 Sep; 10[9]:
0OC20-0C23. doi: 10.7860/JCDR/2016/22378.
8525.

Hong LF, Li XL, Guo YL, Luo SH, Zhu CG,
Qing P, et al. Glycosylated hemoglobin Alc as a
marker predicting the severity of coronary artery
disease and early outcome in patients with stable
angina. Lipids Health Dis. 2014 May 29;13:89.
doi: 10.1186/1476-511X-13-89.

Papamichael CM, Lekakis JP, Stamatelopoulos
KS, Papapanagiotou A, Papaioannou TG,
Alevizaki MK, et al. Ankle-brachial index as a
predictor of the extent of coronary atherosclerosis
and cardiovascular events in patients with
coronary artery disease. Am J Cardiol. 2000 Sep
15;86[6]:615-8. doi: 10.1016/s0002-9149[00]
01038-9.

Benyakorn T, Kuanprasert S, Rerkasem K. A
Correlation Study Between Ankle Brachial
Pressure Index and the Severity of Coronary
Artery Disease. Int J Low Extrem Wounds. 2012
Jun;11[2]:120-3. doi: 10.1177/15347346124469-
66.

Chen CC, Hung KC, Hsieh IC, Wen MS.
Association between Peripheral Vascular Disease
Indexes and the Numbers of Vessels Obstructed
in Patients with Coronary Artery Disease. Am J
Med Sci. 2012 Jan;343[1]:52-5. doi: 10.1097/
MAJ.0b013e31821fec80.

Ciccone MM, Scicchitano P, Zito A, Agati L,
Gesualdo M, Mandolesi S, et al. Correlation
between coronary artery disease severity, left
ventricular mass index and carotid intima media
thickness, assessed by  radio-frequency.
Cardiovasc Ultrasound. 2011 Nov 16;9:32. doi:
10.1186/1476-7120-9-32.

Lekakis JP, Papamichael CM, Cimponeriu AT,
Stamatelopoulos ~ KS,  Papaioannou TG,
Kanakakis J, et al. Atherosclerotic changes of
extracoronary arteries are associated with the
extent of coronary atherosclerosis. Am J Cardiol.
2000 Apr 15;85[8]:949-52. doi: 10.1016/s0002-
9149[99]00907-8.

Kablak-Ziembicka A, Tracz W, Przewlocki T,
Pieniazek P, Sokolowski A, Konieczynska M.
Association of increased carotid intima-media
thickness with the extent of coronary artery
disease. Heart. 2004 Nov;90[11]:1286-90. doi:
10.1136/hrt.2003.025080.





https://ijma.journals.ekb.eg/

