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Abstract

Type 2 diabetes mellitus (T2DM) outpatients, characterized by hyperglycemia,
present challenges in managing glycemic control by glycated hemoglobin
(HbA1c) and its connection to cardiometabolic and renal complications.
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These complications exacerbate insulin resistance, thereby affecting the relia-
bility of HbAlc. There is a need for integrated management strategies to im-
prove cardiovascular and renal outcomes of T2DM outpatients. This cross-
sectional study investigates the link between HbAlc levels and both cardi-
ometabolic and renal risk factors in T2DM outpatients. Univariate and multi-
variate analyses were conducted using linear regression within the generalized
linear model (GLM) framework, applying a predefined HbAlc threshold of
>7% (53 mmol/mol) as the cut-off of the dependent variable. Factors with no
effect were eliminated by using an analysis of variance (ANOVA) test. The
median of HbAlc was 7.4% [5.6% - 10.1%]. Multivariate analysis with contin-
uous biological variables showed that fasting plasma glucose (FPG): OR, 1.4
(95% CI [1.2 - 1.7], p< 0.001); total cholesterol (TC): OR, 13.2 (95% CI [2.8 -
85.7], p = 0.002); estimated glomerular filtration rate chronic kidney disease
epidemiology 2021 (eGFR-CKD-EPI 2021) creatinine-based formula: OR, 1.0
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(95% CI [1.0 - 1.1], p= 0.03) and estimated glomerular filtration rate modifi-
cation of diet in renal disease (¢GFR-MDRD): OR, 1.0 (95% CI [1.0 - 1.0], p=
0.03) were positively associated with the likelihood of HbAlc = 7%. In con-
trast, atherogenic index (AI): OR, 0.4 (95% CI [0.1 - 1.2], p=0.11), body mass
index (BMI) (18.5 - 25 Kg/m?): OR, 0.1 (95% CI [0.0 - 0.8], p = 0.052) and
HDL cholesterol (HDL-C): OR, 0.0 (95% CI [0.0 - 0.5], p = 0.03) were nega-
tively associated with HbAlc, but Al association was not significant. Categor-
ical biological variables multivariate analysis highlighted that BMI (18.5 - 25
Kg/m?): OR, 0.1 (95% CI [0.0 - 0.6], p = 0.03), FPG (<7.15 mmol/L): OR, 0.1
(95% CI [0.0 - 0.2], p < 0.001) and Na* (135 - 145 mmol/L): OR, 0.2 (95% CI
[0.1-0.9], p=0.03) were negatively associated with HbAlc = 7%. Our findings
highlight that the management of outpatients with T2DM requires a more ho-
listic approach than merely evaluating HbAlc levels. Thus, it is essential to
implement comprehensive strategies addressing cardiometabolic and renal
factors that influence HbAlc variability.

Keywords
Cardiometabolic and Renal Risk Factors, HbAlc, Type 2 Diabetes Mellitus

1. Introduction

Diabetes mellitus (DM) encompasses a range of metabolic disorders characterized
by elevated fasting plasma glucose (FPG) levels due to issues with insulin secre-
tion, its action, or both. The chronic high FPG in DM leads to prolonged damage
and dysfunction, particularly affecting the heart, kidneys, eyes, blood vessels, and
nerves. The underlying cause of the metabolic irregularities in carbohydrates, fats,
and proteins relates to inadequate insulin action on target tissues. From a noso-
logical perspective, it encompasses types 1 and 2 DM (T2DM), other specific types
of DM, and gestational DM (GDM). Unlike type 1 DM, which stems from an au-
toimmune disorder leading to a gradual decrease in S-cell insulin production,
T2DM is more commonly associated with insulin resistance and metabolic syn-
drome [1]. The chances of developing T2DM increase with factors such as age,
obesity, and a sedentary lifestyle. Symptoms, as observed in type 1, often present
in a non-specific manner, and diagnosis may be delayed for several years after
onset, frequently being established only once complications have arisen. T2DM,
influenced by genetic factors, can be prevented or delayed by a healthy diet, exer-
cise, maintaining a normal weight, and not smoking. People with the disease can
control their blood sugar with oral antidiabetic medications, regular monitoring,
and an adequate lifestyle to avoid complications [2]. In its 2009 report, the Inter-
national Expert Committee recommends the use of glycated hemoglobin (HbA1c)
to diagnose DM [3]. DM diagnosis relies on the criteria of HbAlc or plasma glu-
cose (PG) levels, which include fasting plasma glucose (FPG), the 2-hour PG from

a 75 g oral glucose tolerance test (OGTT), or random glucose values paired with
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classic hyperglycemic symptoms. HbAlc reflects the average blood glucose
throughout the last 8 to 12 weeks [4]. A diagnosis of DM is made if the HbAlc
level is at least 6.5% (or 48 mmol/mol). However, PG homeostasis relies on mul-
tifactorial processes such as regulatory hormones, dietary intake, and physical ac-
tivity. Moreover, HbAlc is also suggested to have many interfering factors that
cause discordance between FPG and HbAlc [1]. T2DM, characterized by hyper-
glycemia, presents challenges in managing glycemic control by HbAlc and its
connection to cardiometabolic and renal complications.

Cardiometabolic syndrome worsens insulin resistance and elevates HbAlc,
while renal dysfunction both impairs HbAlc reliability and is aggravated by hy-
perglycemia, increasing the risk of end-stage renal disease (ESRD). Managing
HbAlc improves renal outcomes, highlighting the need for integrated manage-
ment strategies [5]. Therefore, it is of paramount importance to know the link
between HbA1c levels and cardiometabolic risk factors to improve the manage-
ment of diabetic patients. This study aimed to investigate the relationships be-
tween HbA1c levels and both cardiometabolic and renal complications during the

follow-up of T2DM outpatients.

2. Materials and Methods
2.1. Study Design and Population

This was a cross-sectional study conducted between April 1, 2023 and May 31,
2024, with consecutive recruitment, using qualitative and quantitative methods.
The qualitative study was carried out through semi-structured interviews to col-
lect specific information defined in the survey form. The study population was
defined as outpatients with T2DM aged 18 years and older, attending the Medi-
cine Department of Hopital Sominé DOLO in Mopti (HSD-M). Each T2DM out-
patient underwent a physical examination and a semi-structured interview to as-
sess sociodemographic, behavioral, clinical, and biological variables. Only sub-
jects in the stationary phase who visited the Medicine Department were included
in this study. Patients presenting with diabetic emergencies, those without writ-
ten informed consent, or those who did not meet the study criteria were not in-
cluded.

2.2. Sample Size

The sample size was computed using Schwartz’s formula: n = (Z2* p * (1 — p)) /
d? where: n = required sample size, Z = standard normal deviate corresponding
to the desired confidence level (1.96 for 95% confidence), p = expected prevalence
or proportion, d = margin of error (precision). This formula was applied to deter-
mine the minimum number of participants to ensure adequate statistical power.
With a margin of error of 5% and a confidence level of 95%, and based on a 7%
prevalence of T2DM, based on a study conducted in 16 West African countries

[6], the minimum sample size n = 100 outpatients was required for this study.
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2.3. Clinical and Biological Variables Assessed

Qualitative data were collected through semi-structured interviews during the
doctor’s visit to gather behavioral and sociodemographic data (education level,
occupation, tobacco or alcohol consumption) from participants relevant to the
research question. Clinical data were also determined during physical examina-
tion, including gender, age, weight, height, waist circumference, blood pressure,
cardiac syndrome, medication, personal and family medical history, impact on
organs, eye impairment, and presence of infection. The following biochemical
parameters were measured in all participants: total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), direct low-density lipopro-
tein cholesterol (LDL-C), creatinine, uric acid (UA), fasting plasma glucose (FPG),
glycated hemoglobin (HbAlc), and blood ionogram. Standardized enzymatic
methods were applied according to the manufacturer’s instructions. The ather-
ogenic index (AI), calculated with Castelli’s Risk Index I (CRI-I), defined as the
ratio of total cholesterol to HDL cholesterol: AI = TC / HDL-C, was used to
assess cardiovascular risk. The clinical cut-offs were set at > 4.5 for men and >
4.0 for women, above which the risk of cardiovascular events is considered ele-

vated.

2.4. Sample Collection and Handling

Blood samples were collected by venipuncture at the elbow crease using the Vacu-
tainer system after 8 to 12 hours of fasting. Approximately 4 mL of whole blood
was collected using heparinized, ethylenediaminetetraacetic acid (EDTA), and
fluoride tubes from all included subjects. All tubes, except the EDTA tube, were
centrifuged at 1500 g for 5 minutes, and plasma was separated into Eppendor™
Safe-Lock 2.0 mL tubes (Hamburg, Germany). The biological variables such as
FPG, HbAlc, TC, HDL-C, LDL-C, UA, creatinine, TG, sodium, potassium, and
chloride were assessed and used to evaluate cardiometabolic risk factors and their
association with HbAlc. The Cobas c¢311™ analyzer (Roche Diagnostics GmbH,
Germany) was used for the measurement of biological variables.

2.5. Quality Control

PreciControl ClinChem Multi 1 (4 x 5 mL; Ref 05947626190), HbA1lc Control (4
x 1.0 mL; Ref 06380204190), and ISETROL (1 x 10 mL; Ref 03112888180) levels
1 - 3 were used for the quality control (QC). QC was monitored by using the

Levey-Jennings plot and Westgard’s six-sigma rules.

2.6. Data Management

Data were collected on survey sheets, entered into Excel, and then analyzed with
R version 4.4. The Shapiro-Wilk test was used to assess the normality of continu-
ous variables. Categorical variables were compared using Pearson’s chi-square or
Fisher’s exact test, and the Wilcoxon-Mann-Whitney test was used to compare
continuous variables. Continuous variables were presented as median with first

and third quartiles (Q1 and Q3), while categorical variables were presented as per-
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centage with confidence interval. The body mass index (BMI) was calculated as
the ratio of weight to squared height: (Weight (kg))/(Height (m)?). The estimated
glomerular filtration rate (eGFR) was computed using two validated equations:
CKD-EPI 2021 creatinine-based formula (Chronic Kidney Disease Epidemiology
2021):

eGFR-CKD-EPI 2021 = 142 x min(Scr/K, 1)? x max(Scr/K, 1)72° x 0.99384s¢
x (1.012 if female).

MDRD formula (Modification of Diet in Renal Disease, 4 variables):

eGFR-MDRD = 175 x (Scr)™""* x (Age)2® x (0.742 if female) x (1.212 if
Black)

Where Scr = serum creatinine (mg/dL), Age = years, K = 0.7 for females, K =
0.9 for males, a = —0.241 for females, a = —0.302 for males.

Univariate analyses were first conducted using linear regression within the gen-
eralized linear model (GLM) framework, applying a predefined HbAlc threshold
of =2 7% (53 mmol/mol) as the dependent variable cut-off. For each independent
variable Xj, the univariate model was expressed as: HbAlc = £ + f.X; + & All the
independent variables were first entered into multivariate regression models of
the form: HbAlc = 5 + X1 + pXo + ... + £.Xs + & To determine the contribution
of each factor, analysis of variance (ANOV A) was performed using the following
test statistic: F = MS_between/MS_within. Only independent variables with a sta-
tistically significant effect (p < 0.05) were retained in the final model, thereby iden-
tifying independent predictors of HbAlc variation.

3. Results

Out of the 100 T2DM outpatients, the FPG median was 9.4 [6.7 - 13.4] mmol/L.
The medians of lipid variables were as follows: 4.1 [3.2 - 5.0] mmol/L, 0.94 [0.9 -
1.3] mmol/L, 2.8 [2.2 - 3.6] mmol/L, and 1.4 [1.0 - 1.8] mmol/L for TC, HDL-C,
LDL-C, and TG, respectively. The plasma UA median was 211.2 [160.6 - 275.2]
pumol/L. The eGFRs were 107.3 [81.3 - 121.3] mL/min/1.73 m? and 106.5 [83.7 -
131.4] mL/min/1.73 m?* for eGFR-CKD-EPI 2021 and eGFR-MDRD, respectively.
Plasma electrolytes medians were as follows: 135.0 [134.0 - 136.2] mmol/L, 3.7
[3.3 - 4.3] mmol/L, and 106.0 [99.7 - 109.0] mmol/L for Na*, K*, and CI", respec-
tively. When expressed in the Diabetes Control and Complications Trial/National
Glycohemoglobin Standardization Program (DCCT/NGSP) units, the median of
HbAlc was 7.4% [5.6 - 10.1%], or in International Federation of Clinical Chem-
istry (IFCC) units, 57.4 [38.2 - 87.2] mmol/mol as shown in Table 1.

Univariate analysis of clinical, demographic, and behavioral variables at the
HbA1lc = 53 mmol/mol (=7%) cutoff showed that the atherogenic index (AI) was
significantly elevated in subjects with HbAlc > 7% compared to those with HbAlc
< 7%: (3.94 [3.41 - 5.46] vs 3.54 [2.66 - 4.17], p=0.01). Conversely, blurred vision
was negatively associated with HbAlc: (19 [42%] vs 13 [24%], p= 0.05). The other
clinical, demographic, and behavioral variables showed no significant differences

as shown in Table 2.

DOI: 10.4236/ajmb.2025.154022

315 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2025.154022

M. Coulibaly et al.

Continuous biological variables such as FPG and total TC levels were positively
associated with the likelihood of HbAlc > 7%. FPG values were (7.2 [5.0 - 9.9] vs
11.0 [7.7 - 17.6] mmol/L, p < 0.001), and TC values were (3.63 [2.80 - 4.41] vs 4.61
[3.44 - 5.32] mmol/L, p = 0.002) in univariate analysis. The other continuous bi-
ological variables were not significantly different as shown in Table 3.

Table 1. Descriptive statistics of biological variables.

Biological parameters

Measures of central tendency and dispersion

Min 1Q Median Mean 3Q ET Max
FPG (mmol/L) 2.2 6.7 9.4 11.0 13.4 6.4 333
TC (mmol/L) 1.8 3.2 4.1 4.2 5.0 1.3 8.9
HDL-C (mmol/L) 0.6 0.9 0.94 1.1 1.3 0.4 3.1
LDL-C (mmol/L) 1.0 2.2 2.8 3.0 3.6 1.1 6.7
TG (mmol/L) 0.2 1.0 1.4 1.6 1.8 1.0 6.9
Creatinine level (umol/L) 17.7 61.9 70.7 94.4 90.6 1314 1273
eDFG-CKD-EPI 2021 4.4 81.3 107.3 104.2 121.3 35.7 202.2
eDFG-MDRD 5.0 83.7 106.5 120.5 131.4 73.2 470.9
UA (umol/L) 77.3 160.6 211.2 229.0 275.2 100.2 773.5
Natremia (mmol/L) 121.0 134.0 135.0 135.4 136.2 8.1 203.0
Kaliemia (mmol/L) 2.9 33 3.7 4.1 4.3 1.1 9.0
Chloremia (mmol/L) 88.0 99.7 106.0 104.6 109.0 9.0 164.0
HbA1c NGSP (%) 3.5 5.6 7.4 8.2 10.1 3.1 14.8
HbA1c IFCC (mmol/mol) 14.8 38.2 57.4 66.2 87.2 34.0 138.3
Table 2. Univariate analysis of clinical, sociodemographic, and behavioral parameters.
Dependent variable
Independent variables HbAlc< 7% HbAlc>7% Total
N=45! N=55 N=100' prvalue
Sex
F 27 (60%) 31 (56%) 58 (58%) 0.7
M 18 (40%) 24 (44%) 42 (42%)
BMI 24.8 (23.0 - 28.5) 25.8 (20.4 - 29.3) 25.2 (22.0 - 29.3) >0.9
Al 3.54 (2.66 - 4.17) 3.94 (3.41 - 5.46) 3.71 (2.91 - 5.21) 0.01
Tobacco
No 40 (89%) 52 (95%) 92 (92%) 0.5
Yes 5 (11%) 3 (5.5%) 8 (8.0%)
Alcohol
No 42 (93%) 55 (100%) 97 (97%) 0.9
Yes 3 (6.7%) 0 (0%) 3 (3.0%)

DOI: 10.4236/ajmb.2025.154022

316

American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2025.154022

M. Coulibaly et al.

Continued

Impact on organe

No 40 (89%) 45 (82%) 85 (85%) 0.3
Yes 5 (11%) 10 (18%) 15 (15%)
Blurred vision
No 26 (58%) 42 (76%) 68 (68%) 0.05
Yes 19 (42%) 13 (24%) 32 (32%)
Infection
No 26 (58%) 39 (71%) 65 (65%) 0.2
Yes 19 (42%) 16 (29%) 35 (35%)
Neuritis
No 22 (49%) 30 (55%) 52 (52%) 0.6
Yes 23 (51%) 25 (45%) 48 (48%)
Age 52 (45 - 58) 50 (34 - 58) 52 (38 - 58) 0.3
1: n (%); Median (Q1 - Q3); 2: Chi-square test of independence; Fisher’s exact test; Wilcoxon-Mann-Whitney test.
Table 3. Univariate analysis of continuous biological variables.
Dependent variable
Independent variables HbAlc < 7% HbAlc > 7% Total
N=45' N=55! N=100' prvalue
FPG (mmol/L) 7.2 (5.0 - 9.9) 11.0 (7.7 - 17.6) 9.4 (6.6 - 13.5) <0.001
TC (mmol/L) 3.63 (2.80 - 4.41) 4.61 (3.44 - 5.32) 4.15 (3.18 - 5.02) 0.002
HDL-C (mmol/L) 0.97 (0.78 - 1.18) 0.92 (0.91 - 1.34) 0.95 (0.88 - 1.34) >0.9
LDL-C (mmol/L) 2.67 (2.07 - 3.51) 3.03 (2.43 - 3.71) 2.82 (2.24 - 3.65) 0.12
TG (mmol/L) 1.29 (0.97 - 1.81) 1.41 (1.06 - 1.76) 1.38 (1.05 - 1.80) 0.4
Creatinine (umol/L) 71 (53 - 88) 71 (62 -97) 71 (62 -93) 0.4
UA (umol/L) 190 (161 - 268) 238 (155 - 292) 211 (161 - 277) 0.5
Sodium (mmol/L) 135.0 (135.0 - 137.0)  135.0 (133.0 - 135.0)  135.0 (134.0 - 136.5) 0.11
Potassium (mmol/L) 3.70 (3.50 - 4.50) 3.90 (3.30 - 4.30) 3.75 (3.30 - 4.35) 0.9
Chlore (mmol/L) 106 (103 - 110) 106 (99 - 109) 106 (100 - 109) 0.2
eDFG-CKD-EPI 2021 (mL/min/1.73 m?) 107 (84 - 120) 108 (79 - 125) 107 (81 - 122) 0.6
eDFG-MDRD (mL/min/1.73 m>2) 105 (85 - 134) 109 (81 - 125) 106 (84 - 132) 0.6

1: Median (Q1 - Q3); 2: Wilcoxon-Mann-Whitney test.

Multivariate analysis of continuous biological variables showed that FPG and
TC were positively associated with HbAlc: OR, 1.2 (95% CI [1.1 - 1.4] mmol/L, p
<0.001); OR, 5.5 (95% CI [1.7 - 20.4] mmol/L, p= 0.007), respectively. In contrast,
HDL-C was negatively associated with HbAlc: OR, 0.0 (95% CI [0.0 - 0.7]
mmol/L, p = 0.04). The other continuous biological variables were not signifi-

cantly associated with HbAlc in multivariate analysis as shown in Figure 1.
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FPG = fasting plasma glucose, TC = total cholesterol, HDL-C = high density lipoprotein cholesterol, AI =
Atherogenic index, LDL-C = low density lipoprotein cholesterol, TG = triglycerides, CREAT = creatinine,
UA = Uric acid, Na = sodium, K = potassium, CI = chloride level, eGFR_CKD_EPI = estimated of glomer-
ular filtration rate chronic kidney disease epidemiology, eGFR_MDRD = estimated glomerular filtration

rate modification of diet in renal disease.

Figure 1. Multivariate analysis of continuous biological variables.

The multivariate analysis of continuous biological, categorical clinical, socio-
demographic, and behavioral variables showed that FPG: OR, 1.4 (95% CI [1.2 -
1.7], p < 0.001), TC: OR, 13.2 (95% CI [2.8 - 85.7], p = 0.002), eGFR-CKD-EPI
2021 creatinine-based formula: OR, 1.0 (95% CI [1.0 - 1.1] p = 0.03), and eGFR-
MDRD: OR, 1.0 (95% CI [1.0 - 1.0], p = 0.03) were positively associated with
HbAlc > 7%. In contrast, Al: OR, 0.4 (95% CI [0.1 - 1.2], p = 0.11), normal BMI
(18.5 - 25 Kg/m?): OR, 0.1 (95% CI [0.0 - 0.8], p = 0.052), and HDL-C: OR, 0.0
(95% CI [0.0 - 0.5], p = 0.03) were negatively associated with HbAlc, but the Al
association was not significant. The other parameters did not show a significant

association with HbAlc in this analysis as shown in Figure 2.
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F = Female, M = Masculine, IBMI = Intervals of body mass index, VI = Vision impairment, AGE_G = Age groups,

FPG = fasting plasma glucose, Al = Atherogenic index, TC = total cholesterol, HDL-C = high density lipoprotein
cholesterol, LDL-C = low density lipoprotein cholesterol, Na = Sodium, eGFR_CKD-EPI = estimation of glomerular
filtration rate chronic kidney disease epidemiology, eGFR_MDRD = estimation of glomerular filtration rate modi-

fication of diet in renal disease.

Figure 2. Multivariate analysis of continuous biological and categorical clinical, sociodemographic, and behavioral

variables.

Finally, in a multivariate analysis of categorical biological variables and clinical,
sociodemographic, and behavioral variables, normal interval of BMI (IBMI) (18.5
- 25 Kg/m?): OR, 0.1 (95% CI [0.0 - 0.6], p = 0.03), normal FPG (<7.15 mmol/L):
OR, 0.1 (95% CI [0.0 - 0.2], p < 0.001), and normal Na* (135 - 145 mmol/L): OR,
0.2 (95% CI [0.1 - 0.9], p = 0.03) were negatively associated with HbAlc = 7%.
The other parameters did not show significant differences with HbAlc > 7% as

shown in Figure 3.
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Infection, IOO = impact on organs, Ina = intervals of Sodium, IeGFR-CKD-EPI = Intervals of estimated glomerular

filtration rate calculated using the chronic kidney disease equation.

Figure 3. Multivariate analysis of categorical biological variables and, clinical, sociodemographic, and behavioral

variables.

4. Discussion

Type 2 diabetes mellitus (T2DM) is a complex metabolic disorder marked by
chronic hyperglycemia. Understanding the condition, which not only predisposes
patients to numerous complications but also creates challenges in effective disease
management, is of paramount importance. In particular, the interplay between
glycemic control, measured by levels of HbAlc, and both cardiometabolic and
renal complications is multifaceted. Out of 100 T2DM outpatients, the obesity
proportions were 17% and 5% for grade I and grade II, respectively (Table 1). The
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median FPG was 9.4 [6.7 - 13.4] mmol/L. The mean FPG level was 11 + 6.4
mmol/L, with values ranging from 2.2 to 33.3 mmol/L. Our FPG mean was similar
to that of Avignon A et al, who found a mean FPG of 11.04 + 2.72 mmol/L in
poorly controlled type 2 diabetics (HbAlc = 8.5%) [7]. In our study, the lower
limit of FPG was 2.2 mmol/L. Hypoglycemia is common in T2DM, with 29.5%
experiencing at least one symptomatic episode, often of iatrogenic origin, accord-
ing to Mimouni et al. [8].

The management of T2DM requires a detailed understanding of the clinical
parameters that influence long-term outcomes, particularly those related to car-
diovascular and other cardiometabolic complications. HbAlc reflects the mean
plasma glucose level over the preceding 8 - 12 weeks and is widely used for mon-
itoring diabetes control. It therefore serves as a key biomarker for assessing long-
term glycemic regulation and represents a critical indicator of cardiometabolic
risk in T2DM patients. In the present study, the median HbAlc was 7.4% [5.6 -
10.1%] in DCCT/NGSP units and 57.4 [38.2 - 87.2] mmol/mol in IFCC units. In-
vestigating the association between specific HbAlc thresholds and increased car-
diometabolic risk remains essential for optimizing the clinical management of
T2DM outpatients. In our study, 45% of the subjects were in glycemic control:
HbAlc < 7%, whereas 55% were above the glycemic target: HbAlc > 7%. Elevated
HbA1c levels have been consistently linked to an increased risk of cardiovascular
disease (CVD) as well as other complications, including heart failure and myocar-
dial remodeling. Thus, the implications of HbAlc abnormalities extend beyond
increased cardiovascular risk alone. In fact, elevated HbAlc is not only a marker
of cardiovascular disease but also a predictor of structural and functional cardiac
changes in T2DM outpatients. Li ef al. demonstrated that higher HbAlc levels in
patients with preserved ejection fraction were associated with increased extracel-
lular volume and impaired left ventricular strain, findings that suggest early my-
ocardial fibrosis and deformation [9]. These myocardial changes have been linked
to a predisposition toward adverse cardiac remodeling and subsequent heart fail-
ure. Furthermore, an additional dimension of the risk associated with elevated
HbA1c is mortality. A comprehensive analysis utilizing data from the UK Biobank
and a Hong Kong SAR cohort reported that T2DM outpatients with HbAlc levels
> 9% had a significantly higher risk of all-cause mortality compared with their
counterparts with HbAlc levels < 7% [10]. This observation reinforces the critical
importance of stringent glycemic monitoring as a component of overall mortality
risk management in T2DM.

In outpatient settings, monitoring HbAlc is a cornerstone of diabetes manage-
ment. Numerous studies have highlighted its value not only in assessing long-term
glycemic control but also in predicting future cardiometabolic events [11]. In ad-
dition, a cohort study conducted in Taiwan Region found that HbAlc levels of
7.5% or higher significantly increased the risks of cardiovascular disease and all-
cause mortality [11]. Meanwhile, the UK Prospective Diabetes Study (UKPDS)

showed that intensive glycemic control (achieving an HbAlc of 7.0% or lower)
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reduces microvascular complications, although the effects on long-term macro-
vascular risk are less clear [12]. Such findings advocate for personalized HbAlc
targets that take into account a patient’s specific risk factors and overall health
status [13].

A hospital-based cohort study from Taiwan Region, which included 126,079
T2DM patients, established that for each 1% increase in baseline HbAlc, there
was a 5% higher hazard ratio for developing CVD [14]. This strong association
indicates that even modest elevations in HbAlc can significantly impact cardio-
vascular risk. However, the relationship between glycemic control and cardiovas-
cular outcomes is complex. Research has shown a U-shaped association whereby
both high and extremely low HbAlc levels may adversely affect cardiovascular
health. Patients with low (<6%) as well as high (>10%) HbAlc levels face an in-
creased risk of heart failure [15]. This observation suggests that while hyperglyce-
mia potentiates risk, overly aggressive glycemic control may also predispose pa-
tients to heart failure development, underscoring the need for an optimal glycemic
target. These targets help guide treatment plans and ensure that the risk of cardi-
ovascular complications is minimized [16] [17]. In our study, we used 7% as the
cutoff of HbAlc to study the association between cardiometabolic risk factors and
HbAlc in T2DM outpatients. The American Diabetes Association (ADA) has
long set the diagnostic threshold for diabetes at an HbAlc level of 6.5% or higher
[16]. However, determining an optimal HbAlc cutoff for predicting complica-
tions remains complex. A notable meta-analysis by Sattar et al. [17] indicated that
in diabetic individuals, an HbAlc level above 9.0% is associated with a higher risk
of cardiovascular events and all-cause mortality. Studies have provided insights
into specific HbAlc cutoff values that correspond to an increased risk of cardi-
ometabolic events. In the cohort from Taiwan Region, T2DM patients with a
mean HbAlc greater than 8% faced more than a twofold increased risk of devel-
oping cardiovascular diseases compared to those with HbAlc levels below 7%
[14]. This substantial increase in risk underscores the importance of maintaining
HbA1c levels at sufficiently low levels to mitigate cardiovascular complications.
However, given the U-shaped association between HbA1c and cardiovascular out-
comes, as highlighted by Currie et al [15], other research supports the view that
both low (<6.5%) and high (>7.5%) HbAlc levels are associated with worsened
clinical outcomes, particularly in T2DM patients with heart failure and reduced
ejection fraction. Thus, the lowest risk of adverse events was observed in patients
whose HbAlc levels ranged between 6.5% and 7.5% [18]. The so-called concept
of a U-shaped relationship calls for clinicians to maintain HbA1c levels within a
moderate range if they wish to reduce the cardiometabolic risk. The paradoxical
increase in risk associated with low HbAlc levels may be attributed to the poten-
tial for hypoglycemic episodes, which themselves can contribute to adverse cardi-
ovascular events [15]. Thus, a clinical consensus appears to emerge while exces-
sively elevated HbAlc levels HbAlc (>8%) significantly increase cardiovascular

risk, overly stringent glycemic control HbAlc (<6.5%) may likewise be harmful.
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Consequently, an ideal target range for many T2DM outpatients, particularly
those with established cardiovascular or heart failure status, appears to lie between
6.5% and 7.5%. Elevated HbA1lc levels are linked to a higher likelihood of devel-
oping several cardiometabolic risk factors. Studies have demonstrated that pa-
tients with higher HbAlc values are more prone to experiencing hypertension.
For instance, research by Hussein ez al [19] found a significant correlation be-
tween higher HbA1c levels and increased risk of developing high blood pressure
during follow-up periods. According to the univariate analysis results, subjects
with HbAlc > 7% exhibited a significantly higher atherogenic index (AI) than
those with levels < 7% (3.94 [3.41 - 5.46] vs 3.54 [2.66 - 4.17], 95% CI, p = 0.01).
The findings were consistent with existing scientific literature. Notably, recent
clinical strategies have placed significant emphasis on the relationship between
HbA1c levels and the AI, which is calculated using the ratio of TC to HDL-C. The
established HbA1c cutoff for optimal glycemic control is 7.0%, a target that plays
an important role not only in preventing diabetes-related microvascular compli-
cations but also in modulating lipid profiles associated with cardiovascular health
[4] [20]. Additionally, the clustering of risk factors such as abdominal obesity,
dyslipidemia, and high blood pressure appears to be more common among indi-
viduals with elevated HbAlc. Okosun ef al. [21] highlighted that the combination
of these risk factors greatly increases the overall cardiometabolic risk in patients
with type 2 diabetes. This observation highlights the critical importance of adopt-
ing a comprehensive approach when managing diabetes, which involves not only
controlling blood glucose levels but also addressing the broader spectrum of car-
diometabolic risks. It is also important to note that the relationship between
HbA1c and mortality may follow a U-shaped curve, where both low (below 6.0%
in non-diabetic individuals) and high levels of HbAlc are associated with in-
creased mortality risks [17]. This further emphasizes the need to individualize
goals and targets. While maintaining a lower HbAlc is beneficial in reducing the
risk of complications, an excessively low HbAlc may present its own challenges,
reinforcing the idea that treatment should be tailored to each patient’s unique
needs. Poor glycemic control, as reflected by higher HbAlc values, is associated
with increased levels of TC and reduced HDL-C concentration. Consequently, an
elevated Al is often observed, highlighting the dual challenge of managing both
glycemia and lipid abnormalities in these patients [22]. Diabetic retinopathy (DR)
remains one of the leading causes of vision impairment among patients with type
2 diabetes. Evidence from multiple clinical studies has demonstrated a strong re-
lationship between glycemic control and the progression of DR [20]. There was a
negative association between blurred vision and HbA1c levels, indicating that the
proportion of individuals experiencing vision impairment was notably greater in
those whose HbA1c was below 7% than in those whose levels were 7% or above,
represented as 19 (42%) vs 13 (24%), p = 0.05. This unexpected outcome could be
explained by the use of intensive treatment strategies intended to drastically lower

HbAlc in patients who showed signs of DR complications. The UKPDS demon-
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strated that intensive glycemia control with targets aiming around an HbAlc <
6.5% can significantly reduce the risk of microvascular complications, including
DR, compared to conventional treatment methods [23]. While the UKPDS pri-
marily highlights the benefits of tighter glycemic control, it indirectly supports the
notion that maintaining HbAlc below the 7% threshold is beneficial. The DCCT,
although focused on type 1 diabetes, demonstrated that tight glycemic regulation
with an HbA1c level near 6.0% significantly decreases the progression of DR com-
pared to higher levels [24]. Another study named Action to Control Cardiovascu-
lar Risk in Diabetes (ACCORD) trial, designed to assess the effects of lowering
HbAlc below 6.0% on cardiovascular outcomes, the ACCORD trial also under-
scored the complications associated with overly aggressive glycemic control, in-
cluding severe hypoglycemia and a higher risk of mortality. This trial highlights
the necessity of personalized treatment strategies, reinforcing that maintaining
HbAIc levels around or below 7% may offer an optimal balance between risk re-
duction and safety [25]. Patients with HbAlc levels of 7% or higher may be at
increased risk for these complications. However, it is important to note that ag-
gressive efforts to lower HbA1c too rapidly can introduce their own risks, neces-
sitating an individualized treatment approach [20]. Besides AI and vision impair-
ment, the results of the univariate analysis demonstrated that there were no sig-
nificant differences among the other clinical, demographic, and behavioral varia-
bles included in our study. T2DM is commonly accompanied by dyslipidemia, a
disorder characterized by elevated TC, LDL-C and TG levels, as well as decreased
HDL-C levels [20]. In univariate analysis, it was observed that continuous biolog-
ical variables such as FPG and TC levels were positively associated with the likeli-
hood of HbAlc levels = 7% (95% CI 11.0 [7.7 - 17.6] vs 95% CI: 7.2 [5.0 - 9.9]
mmol/L, p < 0.001) and (95% CI 4.61 [3.44 - 5.32] vs 95% CI: 3.63 [2.80 - 4.41]
mmol/L, p = 0.002), respectively. This pattern was validated through a multivari-
ate analysis of continuous biological variables, indicating that FPG and TC were
positively associated with HbAlc, showing an odds ratio (OR),1.2 (95% CI [1.1 -
1.4], p< 0.001) and OR, 5.5 (95% CI [1.7 - 20.4] mmol/L, p = 0.007), respectively
(Figure 1). Similarly, in multivariate analysis combining clinical, sociodemo-
graphic and continuous biological variables, FPG and TC confirmed their positive
association with HbAlc: OR, 1.4 (95% CI [1.2 - 1.7], p< 0.001); and OR,13.2 (95%
CI [2.8 - 85.7] mmol/L, p=0.002), respectively. Conversely, in our series, HDL-C
was found to have a negative association with HbAlc, with an OR, 0.0 (95% CI
[0.0 - 0.5] mmol/L, p = 0.04). Numerous studies, like ours, have demonstrated a
significant association between high HbAlc levels and lipid abnormalities. A
study carried out in Jeddah, Saudi Arabia, with 988 patients suffering from T2DM,
revealed a significant positive association between HbAlc levels and both TC and
TG levels. The results indicate that deteriorating glycemic control, represented by
HbAlc values exceeding 7%, leads to an aggravation of dyslipidemia [26]. Simi-
larly, research from Morocco involving 505 T2DM patients showed that those
with HbAlc levels > 7.0% had significantly higher FPG, TC, triglyceride levels,
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and an increased Al when compared with patients maintaining HbAlc levels <
7.0%. The authors conclude that their study highlighted the impact that poor gly-
cemic control can negatively affect the lipid profile of patients [27]. In contrast,
still in multivariate analysis concerning continuous biological variables, AI: OR,
0.5(95% CI[0.2 - 1.1], p=0.09) and HDL-C: OR, 0.0 (95% CI [0.0 - 0.7] mmol/L;
p = 0.04) were negatively associated with HbAlc, but Al association was not sig-
nificant. While both biomarkers (HbAlc and FPG) are essential for the diagnosis
and monitoring of diabetes, they do not always produce matching results. Study
involving more than 40,667 participants showed that based on FPG, 10.6% of the
participants had pre-diabetes but this increased to 14.2% based on HbAlc (r =
0.86; p < 0.001). HbAlc had a sensitivity of 58.20% (95% CI [56.43 - 59.96]) and
a specificity of 98.59% (95% CI [98.46 - 98.70]). The authors conclude that this
lack of agreement highlights the necessity of employing both assessments in con-
junction for a more complete understanding of a patient’s glycemic status [28].
Other studies involving outpatients with T2DM have highlighted the discrepan-
cies between HbAlc and FPG readings [29] [30]. In multivariate analysis combin-
ing clinical, sociodemographic, behavioral and continuous biological variables,
normal BMI (18.5 - 25 Kg/m?) showed a negative association: OR, 1.1 (95% CI
[0.0 - 0.8]), but this association was not significant in the present study (p=0.052).
Unlike our study, a study from India with 142 T2DM patients found that HbAlc
levels were directly correlated with BMI [31]. In contrast, eGFR-CKD-EPI 2021
formula: (OR = 1.0, 95% CI [1.0 - 1.1]; p = 0.03) and eGFR-MDRD: (OR = 1.0,
95% CI [1.0 - 1.0]; p= 0.01) were positively associated with HbAlc = 7%. Moreo-
ver, a comprehensive analysis of United States (U.S) healthcare data from 2012 to
2019 demonstrated that as BMI increased, the mean HbAlc levels also rose, with
a concomitant decrease in the proportion of individuals achieving the target
HbA1lc (<7%) [32]. This trend is further corroborated by a Japanese study, which
observed that over 50% of T2DM patients in obesity classes I-IV had HbAlc levels
>7% [33]. According to a cross-sectional study involving 200 T2DM patients, the
association between BMI and HbA ¢ is not only apparent but also dose-depend-
ent because of a positive correlation (r = 0.45, p < 0.001) between higher BMI and
raised HbAlc levels [34]. Thus, obesity plays a critical role in exacerbating hyper-
glycemia in T2DM. Interventions such as decreasing body weight and bariatric
surgery could help to improve insulin sensitivity and reduce HbAlc levels among
overweight and obese individuals and thereby prevent T2DM complications [35]
[36].

There is evidence that elevated HbAlc levels are consistently associated with
adverse renal outcomes in T2DM patients. A prospective observational cohort
study involving over 4000 patients demonstrated that each 1% increase in baseline
HbAlc was associated with a significantly higher odds ratio of experiencing both
a > 50% decline in eGFR: OR, 1.07 (95% CI [1.01 - 1.4], p < 0.05) and a rapid
decline in renal function OR, 1.11 (95% CI [1.05 - 1.18], p < 0.001) [37]. Addi-
tionally, findings from the KoreaN cohort study for Outcome in patients With
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Chronic Kidney Disease (KNOW-CKD) involving 707 patients with CKD stages
G1 - G5 and T2DM revealed that higher HbAlc levels were associated with an
increased risk of major adverse cardiovascular events (MACE) and all-cause mor-
tality [38]. When compared with patients whose HbAlc was <7.0%, those with
HbA1c levels between 7.0% - 7.9% and >8.0% experienced an OR, 1.59 (95% CI
[1.01 - 2.49]) and 1.99 (95% CI [1.24 - 3.19]) times higher risk, respectively, for
the composite outcome [38]. Another study involving 2599 T2DM patients high-
lighted the impact of HbAlc reduction on eGFR decline by finding that a reduc-
tion in HbA1c levels was significantly associated with a downward trend in eGFR
decline independent of factors such as Urinary Albumin-to-Creatinine Ratio
(UACR), diabetes duration, and hyperfiltration [39]. Finally, in a global multivar-
iate analysis of categorical biological, clinical, sociodemographic, and behavioral
variables, only normal BMI (18.5 - 25 Kg/m?): OR, 0.1 (95% CI [0.0 - 0.6] Kg/m?,
P < 0.03), normal FPG (<7.15 mmol/L): OR, 0.1 (95% CI [0.0 - 0.2] mmol/L, p <
0.001), and normal Na* (135 - 145 mmol/L): OR, 0.2 (95% CI [0.1 - 0.9], p=0.03)
were negatively associated with HbA1lc > 7%. The other parameters did not show
significant differences. The correlation between HbAlc levels and BMI was re-
ported by an Indian study [31]. Uncontrolled hyperglycemia leads to osmotic di-
uresis, resulting in increased renal sodium excretion and subsequent reduction in
serum sodium levels. A study identified a moderate negative correlation between
serum sodium levels and HbA1lc in T2DM patients who exhibited poor adherence
to antidiabetic medications. According to their findings, higher HbAlc values
were associated with lower sodium concentrations, suggesting that ineffective gly-
cemic control could contribute to sodium imbalance [40]. The precise biological
mechanisms underlying the association between natremia and HbAlc are not
completely understood. One possibility is that hyperglycemia induces osmotic di-
uresis, thereby increasing renal sodium excretion and resulting in hyponatremia.
This cascade not only alters the serum sodium levels but may also affect insulin
secretion and its peripheral action, further exacerbating the glycemic control chal-
lenge [40]. These insights underscore the importance of comprehensive patient
monitoring and suggest that correcting electrolyte disturbances may lead to im-
provements in glycemic control. However, further research is necessary to fully
elucidate the underlying pathways and to develop targeted clinical interventions.
Given that T2DM is a complex metabolic disorder characterized by insulin re-
sistance, impaired insulin secretion, and chronic hyperglycemia, these metabolic
disturbances significantly contribute to various cardiometabolic risk factors such
as obesity, dyslipidemia, hypertension, and chronic inflammation, thereby in-
creasing the risk of CVD [41].

This study has several limitations. First, its cross-sectional design precludes any
causal inference regarding the observed associations. Second, the sampling was
restricted to a single-center setting, which may limit the generalizability of the
findings to broader populations. Finally, potential interferences with HbAlc

measurement, such as anemia or the presence of hemoglobin variants, could not
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be fully excluded and may have influenced the accuracy of HbAlc assessment.
HbA1c measurement is highly dependent on preanalytical and pathological con-
ditions, as well as the analytical methods used [1]. The critical factors, including
sample collection, handling, storage, and quality control, were considered in our
study. However, conditions that affect the lifespan of red blood cells (RBCs), such
as hemolytic or iron-deficiency anemia, which may lead to falsely low or high
HbAlc values, respectively, were not taken into account [42]. Furthermore, the
presence of hemoglobin variants (HbS, HbC, HbD, and HbE) further complicates
assay reliability by potentially interfering with the measurement process [43]. Ad-
ditionally, various analytical methods are employed for determining HbAlc lev-
els. We performed an immunoassay using monoclonal antibodies to specifically
detect the Amadori product of hemoglobin glycation. Nevertheless, high-perfor-
mance liquid chromatography (HPLC) is known for its ability to separate labile
intermediates, thereby minimizing interferences that might be observed in other

techniques [43].

5. Conclusion

The present study involved 100 active T2DM outpatients and aimed to evaluate
the biological monitoring of patients, their association with glycated hemoglobin,
and other sociodemographic, clinical, behavioral, and biological parameters. This
study led us to the following conclusions: increased FPG, TC, and eGFR-CKD-
EPI 2021 may positively reflect higher HbAlc levels in T2DM outpatients. Con-
versely, lower AI and HDL-C values, as well as normal BMI and normal plasma
sodium levels, may indicate lower HbAlc levels in T2DM outpatients. HbAlc re-
mains an effective tool for monitoring glycemic control in T2DM, essential for
tracking disease progression, preventing acute complications, and delaying
chronic complications. While it is essential for T2DM outpatients to have their
HbA1lc levels monitored regularly, at least three to four times a year, it is equally
important to assess these results alongside other factors that can affect the fluctu-

ations in these levels.
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