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Abstract. - OBJECTIVE: Inadequate glyce-
mic control among patients with type 2 diabe-
tes is growing worldwide. Earlier research stud-
ies investigated the predictors of poor glycemic
control among patients with diabetes, but not
among hypertensive patients who have type 2
diabetes as a comorbid disease. The aim of this
study was to explore the factors associated with
poor glycemic control in patients with type 2 di-
abetes and hypertension.

PATIENTS AND METHODS: In the present
retrospective study, the medical records of two
major hospitals were used to collect sociodemo-
graphic, biomedical, disease and medication-re-
lated information about patients with hyper-
tension and type 2 diabetes. Binary regression
analysis was conducted to find the predictors of
the study outcome.

RESULTS: The data from 522 patients were
collected. High physical activity (OR=2.232;
95% CI: 1.368-3.640; p<0.01), receiving insulin
(OR=5.094; 95% CI: 3.213-8.076; p <0.01) or GLP1
receptor agonist (OR=2.057; 95% CI: 1.309-3.231;
p<0.01) increased the odds of having controlled
blood glucose. Increased age (OR=1.041; 95% CI:
1.013-1.070; p<0.01), elevated high-density lipo-
protein (HDL) levels (OR=3.727; 95% CI: 1.959-
7.092; p<0.01), and lower triglycerides (TGs) lev-
els (OR=0.918; 95% CI: 0.874-0.965; p<0.01) were
also associated with improved glycemic control
among the study participants.

CONCLUSIONS: Most of the current study
participants showed uncontrolled type 2 diabe-
tes. Low physical activity, not receiving insulin
or GLP1 receptor agonist, younger age, low HDL
and high TG levels were independently associ-
ated with poor glycemic control. Future inter-
ventions should place a strong emphasis on the
value of consistent physical activity and a sta-
ble lipid profile in enhancing glycemic control,
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particularly in younger patients and those who
are not receiving insulin or GLP1 receptor ago-
nist therapy.
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Introduction

Glycemic control has a significant impact on
patient’s health outcomes and has a role in lower-
ing the risk of microvascular and macrovascular
complications of diabetes'. According to the Unit-
ed Kingdom Prospective Diabetes Study'?, each
1% decrease in glycosylated hemoglobin (HbAlc)
was associated with 12-43% decrease in macro-
vascular complications, 14% reduction in myocar-
dial infarction, 12% reduction in stroke, and 14%
reduction in all-cause mortality in patients with
type 2 diabetes', and 10% reduction in the risk for
diabetes-related death?. Inadequate glycemic con-
trol has been recognized as a worldwide grow-
ing issue for patients with diabetes, with more
than 60% of the patients are failing to achieve
the desired glycemic target®. Previous research*®
emphasized on the importance of implementing
interventions that enhance glycemic control in
order to reduce healthcare expenses associated
with worsening blood glucose control. An earlier
cohort study reported that better glycemic control
resulted in annual cost savings of $685-$950 per
patient per year in the total healthcare costs of di-
abetes management’.
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The literature reported inconsistent findings
regarding the factors associated with poor glyce-
mic control in diabetic patients. Age was identi-
fied as one of the significant predictors of poor
glycemic control in multiple studies®!°. Lack of
physical activity was significantly associated with
poor glycemic control in other studies'®!!. Fur-
thermore, earlier studies®*'?!? conducted in Ma-
laysia’, USA®, Ethiopia'?, and Brazil®® found that
diabetic patients who had longer disease duration
had significantly poorer glycemic control than
those with shorter disease duration. A systematic
review' revealed that longer duration of diabetes,
low education level, poor medication adherence,
poor attitude towards diabetes, and the existence
of comorbid conditions were the main factors in-
fluencing glycemic control in patients with type 2
diabetes. The diversity in the determinants of gly-
cemic control necessitates the need for additional
research that recruit patients from various nations
and cultures. Furthermore, in contrast with ear-
lier research studies, the present study aimed to
explore the factors associated with blood glucose
control in hypertensive patients who have type
2 diabetes comorbidity. Findings of the present
study should provide insight for diabetes manage-
ment interventions, which aim at improving gly-
cemic control and hence health outcomes among
patients with hypertension and type 2 diabetes.

Patients and Methods

Study Design and Participants

The current retrospective study utilized the
medical data of hypertensive patients who had
type 2 diabetes as a comorbid disease in the pe-
riod between November 2021 and May 2022.
The study was conducted at two major Hospitals
named King Abdullah University Hospital and
the Royal Medical Services Hospital. Patients
were included in the study if they were 18 years
old or older, diagnosed with hypertension accord-
ing to the 2017 ACC/AHA guidelines®, diagnosed
with type 2 diabetes according to the American
Diabetes Association (ADA) diagnostic criteria
(available at: https:/diabetes.org/diabetes/alc/di-
agnosis), received at least one antidiabetic medi-
cation, and had at least one glucose checkup visit
in the last year. Patients who had type 1 diabetes,
had hypertension urgency or emergency, pregnant
women, and those who were taking medications,
which may increase the blood pressure, were ex-
cluded from the study.
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Data Collection

A custom-designed questionnaire and hospital
data were used to collect sociodemographic infor-
mation including age, gender, employment sta-
tus, educational level, marital status, body weight,
smoking, area of residency and physical activity. In
addition to the prescribed medications, the medical
data included HbA Ic, fasting blood glucose, systolic
blood pressure (SBP) total cholesterol, triglycerides
(TG), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), glomerular filtration rate (GFR),
family history of heart disease and family history
of type 2 diabetes. The data also included the pres-
ence of comorbid diseases such as dyslipidemia, ret-
inopathy, neuropath, nephropathy, peripheral artery
disease, heart failure, cerebrovascular disease, isch-
emic heart disease, renal failure, foot damage, anx-
iety, depression, asthma, COPD, and the presence
of proteinuria. The patients were considered to have
uncontrolled hypertension if they had BP readings
of >130/80'5, whereas those with HbAlc >7% were
deemed to have uncontrolled blood glucose'®.

Statistical Analysis

Data was analyzed using the Statistical Pack-
age for Social Sciences (SPSS) version 26 (IBM
Corp., Armonk, NY, USA). Continuous variables
were presented as means and standard devia-
tions, while categorical variables were present-
ed as frequencies and percentages. Chi-square
and Mann-Whitney U tests were used to deter-
mine the variables associated with blood glucose
control. Variables with p<0.2 in the univariate
analysis were included in the multivariate anal-
ysis. Binary regression model was conducted to
explore the variables that are significantly and in-
dependently associated with the study outcome.
Statistical significance was determined at p<0.05.

Results

Data were collected for 522 patients. The
mean age was 62 (+10) years. Most of the partic-
ipants were males (51.2%), retired/non-employed
(67.1%), had low educational level (72.6%), married
(78.2%), non-obese (68.6%), former/non-smokers
(68.0%), living in urban areas (69.6%) and were
not physically active (60.5%). The sample charac-
teristics are presented in Table I.

As shown in Table I1, the means of the systolic
and diastolic BP were 134 (= 17) and 79 (£ 9) re-
spectively. Fasting serum glucose was elevated in
many patients with a total sample mean of 170.14
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Table I. Socio-demographic characteristics of the study participants (n=522).

Frequency (%) or Mean (= SD)
Age 62 (+ 10)
Gender Female 255 (48.8%)
Male 267 (51.2%)
Marital status Married 408 (78.2%)
Other 114 (21.8%)
Educational level High 143 (27.4%)
Low 379 (72.6%)
Employment status Employees 172 (32.9%)
Retired/non-employees 350 (67.1%)
Area of residency Rural area 159 (30.4%)
Urban area 363 (69.6%)
Smoking Current smoker 167 (32.0%)
Former/non-smoking 355 (68.0%)
Physical activity No 316 (60.5%)
Yes 206 (39.5%)
Obesity Non-obese 358 (68.6%)
Obese/overweight 164 (31.4%)

Table Il. Biomedical variables and the prescribed medications for the study participants.

Frequency (%) or Mean (= SD)
Lab tests
HbAlc 10.31% (+49.32)
Fasting serum glucose (Mg/dL) 170.14 (£74.40)
Systolic BP 134 (= 17)
Diastolic BP 79 (£9)
Total cholesterol (Mmol/L) 476 (£8.21)
TG (Mmol/L) 3.46 (£25.64)
HDL (Mmol/L) 1.13 (£1.83)
LDL (Mmol/L) 2.58 (+2.82)
GFR 69.85 (+£26.58)
Medications No Yes
Receiving ACEI 391 (74.9%) 131 (25.1%)
Receiving ARBs 224 (42.9%) 298 (57.1%)
Receiving BB 238 (45.6%) 284 (54.4%)
Receiving CCB 303 (58.0%) 219 (42.0%)
Receiving Metformin 68 (13.0%) 454 (87.0%)
Receiving Insulin 237 (45.4%) 285 (54.6%)
Receiving Thiazide diuretics 330 (63.2%) 192 (36.8%)
Receiving DPP4 inhibitors 359 (68.8%) 163 (31.2%)
Receiving GLP1 receptor agonist 269 (51.5%) 253 (48.5%)
Receiving Meglitinides 519 (99.4%) 3 (0.6%)
Receiving SU 328 (62.8%) 194 (37.2%)
Receiving SGLT?2 inhibitors 490 (93.9%) 32 (6.1%)

BP: Blood pressure, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, BB: beta-blocker, CCB:
calcium channel blocker, DPP4: dipeptidyl-peptidase 4, GLP1: glucagon-like peptide 1, SU: sulfonylurea, SGLT2: sodium-glucose
cotransporter-2, TG: triglycerides, HDL: high-density lipoprotein, LDL: low-density lipoprotein, GFR: glomerular filtration rate.
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mg/dl (+74.40). HbAlc mean was estimated as
10.31% (£49.32). The sample had low GFR with a
mean of 69.85 (+26.58). The most prescribed med-
ications were metformin (87.0%) and angiotensin
receptor blockers (57.1%), followed by beta-block-
ers (54.4%). More details about laboratory tests
and the prescribed medications are presented in
Table II. As shown in Table 111, the most common
comorbid disease was dyslipidemia (72.0%). Most
of the patients had microvascular complications

Table Ill. Medical characteristics of the study participants.

(50.6%) and 45.2% had retinopathy. Most of the
patients had uncontrolled BP (63.4%) and 51.3%
had uncontrolled type 2 diabetes.

Univariate analysis results showed that age,
HDL, TG, gender, employment status, education-
al level, material status, physical activity, micro-
vascular complications, receiving CCB, receiving
insulin, receiving metformin, receiving GLP1 re-
ceptor agonist, and BP control were significantly
associated with type 2 diabetes control.

Frequency (%) or Mean (= SD)

Family history of cardiac problems No 463 (88.7%)
Yes 59 (11.3%)
Family history of type 2 diabetes No 438 (83.9%)
Yes 84 (16.1%)
Having Dyslipidemia No 146 (28.0%)
Yes 376 (72.0%)
Having Microvascular complications No 258 (49.4%)
Yes 264 (50.6%)
Having Peripheral artery disease No 504 (96.6%)
Yes 18 (3.4%)
Having Heart failure No 490 (93.9%)
Yes 32 (6.1%)
Having cerebrovascular disease No 454 (87.0%)
Yes 68 (13.0%)
Having Ischemic heart disease No 308 (59.0%)
Yes 214 (41.0%)
Having Renal failure No 460 (88.1%)
Yes 62 (11.9%)
Presence of proteinuria on UA No 375 (71.8%)
Yes 147 (28.2%)
Having Retinopathy No 286 (54.8%)
Yes 236 (45.2%)
Having Neuropathy No 428 (82.0%)
Yes 94 (18.0%)
Having Foot damage No 455 (87.2%)
Yes 67 (12.8%)
Having Anxiety No 407 (78.0%)
Yes 115 (22.0%)
Having Depression No 466 (89.3%)
Yes 56 (10.7%)
Having Asthma No 499 (95.6%)
Yes 23 (4.4%)
Having COPD No 510 (97.7%)
Yes 12 (2.3%)
Blood glucose control Controlled 254 (48.7%)
Uncontrolled 268 (51.3%)
Blood pressure control Controlled 191 (36.6%)
Uncontrolled 331 (63.4%)
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Table IV. Multivariate analysis results of the variables associated with glycemic control.

Variables p-value EXP(B)-OR 95% CI

Lower Upper
Gender 0.806 0.943 0.589 1.508
Female vs. male
Employment states 0.571 1.181 0.665 2.098
Employed vs. unemployed/retired
Educational level 0.250 0.722 0.414 1.258
High vs. low
Material status 0.898 0.965 0.559 1.666
Married vs. other statuses
Physical activity** 0.001 2.232 1.368 3.640
high vs. low
Microvascular complications 0.239 0.754 0.471 1.207
No vs. yes
CCB 0.764 1.068 0.693 1.647
No vs. yes
Insulin** 0.000 5.094 3.213 8.076
No vs. yes
Metformin 0.126 0.573 0.281 1.168
No vs. yes
GLPI receptor agonist™* 0.002 2.057 1.309 3.231
No vs. yes
BP control 0.175 1.348 0.876 2.074
Controlled vs. uncontrolled
Age* 0.004 1.041 1.013 1.070
HDL* 0.000 3.727 1.959 7.092
TG* 0.001 0.918 0.874 0.965

CCB: calcium channel blocker, GLP1: glucagon-like peptide 1, TG: triglycerides, HDL: high-density lipoprotein. *Significant

at p<0.05. **Significant at p<0.01.

As shown in Table 1V, results of the binary
regression model showed that patients with high
physical activity had higher odds of being in
the controlled blood glucose group when com-
pared with those who were not physically active
(OR=2.232, 95% CI: 1.368-3.640, p<0.01). Pa-
tients who were receiving insulin (OR=5.094,
95% CI: 3.213-8.076, p<0.01) or GLPI recep-
tor agonist (OR=2.057, 95% CI:. 1.309-3.231,
p<0.01) had significantly higher odds to be in
the controlled blood glucose group. Increased
age (OR=1.041, 95% CI: 1.013-1.070, p<0.01) and
elevated HDL (OR=3.727, 95% CI: 1.959-7.092,
p<0.01) were also associated with increased odds
of being in the controlled group, while elevated
TG decreased the odds of being in the controlled
blood glucose group (OR=0.918, 95% CI: 0.874-
0.965, p<0.01).

Discussion

Poor glycemic control leads to several detri-
mental consequences, such as cognitive function
impairment, increased healthcare expenses and
prescription costs, and greater rates of hospital-
ization®'™'®, Investigating the factors that hinder
approaching good glycemic control is crucial for
improving health outcomes in patients with hy-
pertension and type 2 diabetes.

Consistent with earlier research findings
the present study results showed poor glycemic
control among the participating patients. How-
ever, the earlier studies focused solely on type 2
diabetes patients, whereas this study specifically
targeted those with type 2 diabetes and hyperten-
sion as a comorbid disease. This, together with
the paucity of research in the field, contributes

9,12,19-22
2
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to a deeper understanding of glycemic control in
hypertensive patients with type 2 diabetes, and
provides a broader picture of the key contributing
variables that impede obtaining adequate glyce-
mic control in this group of patients.

Low physical activity was significantly asso-
ciated with poor glycemic control in the present
study. Several studies?® have confirmed the
benefit of physical activity in terms of improving
blood glucose control in patients with type 2 di-
abetes. Furthermore, a large multicenter study of
over 18 thousand diabetic patients reported that
physical activity was inversely associated with
HbAlc, diabetic ketoacidosis, diabetes-related
comorbidities, body mass index, dyslipidemia
and hypertension?”’. Another study conducted in
the United States reported that lowering physical
activity impairs glycemic control even in healthy
individuals®. Exercise helps boosting insulin sen-
sitivity and increasing glucose uptake by skeletal
cells®, which make it a crucial non-pharmacolog-
ic therapy for diabetic patients®*-'.

The present study results showed that patients
who were receiving insulin had significantly better
glycemic control than those who were not. A study
conducted in the United Kingdom* reported that
adherence to insulin therapy was significantly as-
sociated with long-term metabolic control among
patients with type 2 diabetes. Another study by
Garvey et al* showed that using insulin partially
reversed the post-binding defect in peripheral insu-
lin action, produced near-normal basal hepatic glu-
cose output and increased insulin secretion. Fur-
thermore, insulin use has been also reported** to
be associated with reduced frustration, improving
mood and emotional well-being and quality of life
in patients with type 2 diabetes. Insulin has also
been reported®® to exhibit anti-inflammatory ef-
fects that provide additional protection against the
development of atherosclerosis. On the other hand,
a cohort study of over 8,000 patients with type 2
diabetes showed that insulin initiation in patients
with poorly controlled type 2 diabetes was safe
and effective in achieving moderate glycemic con-
trol. However, it can increase resources utilization
without achieving tight glycemic control, even in
patients who were moderately controlled*. There-
fore, clinicians should weigh the risks and advan-
tages of insulin therapy in order to provide the
most cost-effective therapeutic regimen that would
tightly control glucose level and improve therapeu-
tic outcomes on patients with type 2 diabetes.

The current study showed a significant asso-
ciation between GLP-1 receptor agonist use and

glycemic control in patients with type 2 diabe-
tes. GLP-1 receptor agonists represent a unique
approach for lowering blood glucose by mimick-
ing the action of endogenous GLP-1, which aids
in glucose control by slowing gastric emptying,
reducing appetite, improving satiety, reducing
inappropriate glucagon secretion, and promoting
beta-cells proliferation®’. Additionally, the resto-
ration of insulin secretory functions by GLP-1
receptor agonists has also been shown’® to im-
prove glycemic control in patients with type 2
diabetes. GLP-1 receptor agonists also help re-
ducing body weight, lowering blood pressure,
and improving endothelia in addition to blood
glucose control, diabetes care should also fo-
cus on blood pressure control, weight loss, and
avoiding hypoglycemia*®*, which all can be met
by using GLP-1 receptor agonists.

The present study showed that older patients
were more likely to have better glycemic con-
trol than younger ones. Similarly, a retrospective
cohort study®, which enrolled over than 2,000
diabetic patients, reported that being under the
age of 35 was associated with poor glycemic
control. Another study’ conducted in Malaysia
found that each l-year increase in age was as-
sociated with 3% increase in the likelihood of
achieving good glycemic control among patients
with type 2 diabetes. Other studies!*** showed
that HbAlc levels were significantly higher in
younger diabetic patients. On the other hand,
contradictory results have been reported in other
studies conducted in Brazil?® and India?*. Previ-
ous research** has indicated a strong correlation
between young diabetics’ high HbAlc values
and their excessive consumption of fat and sug-
ar, which highlights the need for improving the
awareness about the negative impact of high fat
and sugar intake on glycemic control and health
outcomes in younger patients.

Elevated HDL levels have shown impressive
effects on blood glucose level through different
mechanisms including the stimulation of pan-
creatic B-cell insulin secretion and increasing
glucose uptake by skeletal muscles®, which is
consistent with the current study and earlier re-
search findings***’. Furthermore, several epide-
miologic studies*®** showed that low HDL level
was associated with increased risk for type 2
diabetes. On the other hand, higher level of tri-
glyceride was significantly associated with poor
glycemic control in the present study, which is in
line with the findings of other studies conducted
in China>® and USA®".
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Conclusions

The current study revealed a disappointing
rate of poor glycemic control among hypertensive
patients with type 2 diabetes. Low physical ac-
tivity, nonuse of insulin or GLP-1 receptor ago-
nist, younger age, lower HDL level, and elevated
triglyceride level were associated with poor gly-
cemic control in this study. Future intervention
programs should place a strong emphasis on the
value of consistent exercise and a stable lipid pro-
file in enhancing glycemic control, especially in
younger patients and those who are not receiving
insulin or GLP1 agonist therapy.
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