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Background: Metabolic syndrome is a group of metabolic abnormalities that

increase predisposition to several diseases including ischemic heart disease

and diabetes mellitus. The study aimed to investigate metabolic syndrome

among patients with type-2 diabetes mellitus (DM), and its impact on

pharmacotherapy outcomes.

Methods: An observational cross-sectional study was performed on 910 patients

with type-2 DM between June and December 2023. Fasting blood sugar,

triglycerides, high-density lipoproteins (HDL), blood pressure, and abdominal

obesity were measured. Metabolic syndrome was identified according to the

National Cholesterol Education Program Adult Treatment Panel III criteria.

Pharmacotherapy outcomes were assessed according to American Association

of Clinical Endocrinologists and American Diabetes Association guidelines using

the ability to achieve adequate glycemic control and normal levels of blood

pressure and fasting plasma lipoproteins.

Results: In total, 87.5% of type-2 DM patients had metabolic syndrome; the

prevalence increased with age and was higher among females. Metabolic

syndrome showed the following distribution of risk factors: insulin resistance

(100%), low HDL (95.3%), elevated blood pressure (83%), triglycerides

dyslipidemia (80.1%), and abdominal obesity (62.5%). Majority of the patients

had either 5 or 4 risk factors of metabolic syndrome. The most common

comorbidities were dyslipidemia (97.7%) and hypertension (83%). Treatment

outcomes were insufficient where adequate glycemic control was only

achieved in 12% of type-2 DM patients, and proper management of comorbid

dyslipidemia and hypertension was achieved in 29% and 40.9% of patients,
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respectively. Adequate blood pressure control was less achieved in patients with

metabolic syndrome (34.4%) than those without metabolic syndrome (77.2%).

Similarly, dyslipidemia was less controlled in patients with metabolic syndrome

(26.9%) than in those without metabolic syndrome (47.3%).

Conclusion: Pharmacotherapy outcomes were inadequate for most patients

with type-2 diabetes mellitus. Adopting early preventive and therapeutic

interventions for metabolic syndrome is advised to improve treatment

outcomes of the comorbid dyslipidemia and hypertension.
KEYWORDS

metabolic syndrome, pharmacotherapy outcomes, glycemic control, NCEP,
cardiovascular diseases, hypertension
Introduction

Metabolic syndrome represents an important global health

problem brought about by the significant changes in our modern

lifestyle. It is a group metabolic abnormalities that increase

predisposition to several diseases including type 2 diabetes mellitus,

cardiovascular diseases, and neurological disorders (1). These

metabolic abnormalities include insulin resistance, abdominal

obesity, high blood pressure, hypertriglyceridemia, and high density

lipoprotein (HDL) dyslipidemia (2). Several criteria have been

employed to diagnose metabolic syndrome, including the US

National Cholesterol Educational Program Adult Treatment Panel

III (NCEP ATP III) criteria, the International Diabetes Foundation

(IDF) criteria, and the WHO criteria.

The significance of metabolic syndrome as a prognostic

predictor for future negative health outcomes has been confirmed

by several studies. For example, cardiovascular mortality was shown

to be markedly increased among 4,483 patients with metabolic

syndrome in Sweden and Finland (3). Additionally, the risk of death

from ischemic cardiovascular disease was increased by 2.5 to 2.8-

fold in patients with metabolic syndrome (4). Moreover, a meta-

analysis of 87 studies using NCEP criteria to define metabolic

syndrome confirmed a two-fold increase in cardiovascular

diseases among patients with metabolic syndrome (5).

Early detection of risk factors for type 2 diabetes mellitus is an

essential step to prevent diabetes mellitus type 2 as well as to

decrease the likelihood of subsequent complications. Metabolic

syndrome represents an ideal predictor of type 2 diabetes mellitus

(6). Therefore, substantial consideration should be given to

ameliorate metabolic syndrome as an interventional approach for

the prevention of type 2 diabetes mellitus. The present study aimed

to investigate the prevalence and clinical patterns of metabolic

syndrome among a sample of type 2 diabetes mellitus patients in

Yemen and the relevance of metabolic syndrome to the efficacy of

anti-diabetic therapy.
02
Methods

Study design

The present study was a cross-sectional observational study

conducted on a sample of 910 patients with type 2 diabetes mellitus

recruited from two major tertiary hospitals in Sana, Yemen (Thawra

and UST hospitals), during the period between June 2023 and

December 2023.
Participant selection

All patients with type 2 diabetes mellitus who attended to the

outpatient clinics for follow-up during the study period and accepted to

participate in the study were enrolled. The inclusion criteria were

patients with type 2 diabetes mellitus aged > 18 years old and have been

on regular pharmacotherapy for type 2 diabetes mellitus for at least six

months. The exclusion criteria were pregnant women and newly

diagnosed type 2 diabetes mellitus patients of less than six months.
Study variables and measurements

Body weight was obtained and expressed in kilograms (kg), and

height was measured and expressed in centimeters (cm). Body mass

index was then calculated by dividing weight in kilograms by height

squared in meters. Waist circumference was measured around the

abdomen at the level of the iliac crest. Blood pressure was measured

using sphygmomanometer with an appropriate cuff size in sitting

position by nurses after 10 minutes rest; both systolic and diastolic

blood pressures were recorded. These data were taken by physical

examination of the enrolled patients at hospitals during their ordinary

follow-up. Fasting blood glucose, glycosylated hemoglobin (HbA1c),

triglycerides, high density lipoproteins (HDL), low density lipoproteins
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(LDL), and total cholesterol levels were obtained from patient files and

charts. Other data were collected using an interview questionnaire.
Study endpoints

The study endpoints included achieving adequate glycemic

control and blood pressure control. Adequate glycemic control

was achieved when the fasting blood glucose was ≤ 126 mg/dl or

HbA1c was ≤ 6.5%. Controlled levels of blood pressure were

achieved when systolic blood pressure was ≤ 130 mmHg or

diastolic blood pressure was ≤ 80 mmHg.

Metabolic syndrome was diagnosed according to criteria of the

NCEP ATP III (7). The presence of three or more of the following

five risk factors warrants metabolic syndrome diagnosis: waist

circumference ≥ 88 cm in women and ≥ 102 cm in men to

confirm abdominal obesity; elevated blood pressure (≥ 130/85

mmHg) or receiving treatment for hypertension; fasting blood

glucose ≥ 100 mg/dl or receiving treatment for diabetes; elevated

triglycerides ≥150 mg/dl or receiving treatment for elevated

triglycerides; and low HDL ≤ 50 mg/dl in women and ≤ 40 mg/dl

in men or receiving treatment for low HDL levels. Patients were

classified according to their body mass index (BMI) into

underweight (BMI less than 18.5), ideal weight (BMI between

18.5 and 24.9), overweight (BMI between 25 and 29.9), obese

(BMI between 30 and 34.9), and severely obese (BMI more than 35).
Ethical consideration

Ethical approval was obtained from the Institutional Review

Board of Wahda University Hospital, Faculty of Medicine, Thamar

University. After explaining objectives and details of the study,

informed consent was taken from each respondent who accepted to

participate in the study. Data were collected anonymously to ensure

privacy, and confidentiality was kept.
Statistical analysis

Statistical analysis was performed using Statistical Package for

Social Science software (SPSS, version 26) and Microsoft Office Excel

2010 was used for data processing. The chi-squared test was used for

the assessment of association between the nominal variables studied.

A p-value of less than 0.05 was considered statistically significant.
Results

Metabolic syndrome

Out of total 910 patients with type 2 diabetes, metabolic

syndrome was found in 796 (87.5%) patients. The study sample

included 51.9% male and 48.1% female patients. The prevalence of

metabolic syndrome was found to be higher in female (91.3%) than

in male patients (83.9%), and increased with increasing age from
Frontiers in Clinical Diabetes and Healthcare 03
71.2% in patients aged under 35 years to 96.3% in patients over 75

years old (Table 1). Additionally, majority of the patients (89.1%)

aged between 35 and 75 years, and only 3% were above 75 years and

8% were under 35 years old. Moreover, results showed 36.6% of the

patients had an ideal body weight while 38.8% were overweight and

15.5% were obese. Only 3.4% of the patients were underweight and

5.7% were severely obese. About 16.5% of the patients were current

smokers. Metabolic syndrome was highly prevalent among type 2

diabetes patients especially in women. These findings could be

explained by late diagnosis of metabolic syndrome and adopting no

lifestyle or therapeutic interventions to treat its risk factors.

The clinical patterns of metabolic syndrome in patients were

showed as 3 risk factors in 24 (2.6%) patients, 4 risk factors in 338

(37.2%) patients, and 5 risk factors in 434 (47.7%) patients. The rest

of the patients had at least 2 risk factors (12.5%). Components of

metabolic syndrome were presented in Table 2 and Figure 1. First,

all patients had increased insulin resistance as they have type 2

diabetes mellitus. Additionally, abdominal obesity was found in 569

(63.4%) of the patients. Abdominal obesity was more prevalent

among women (84%) than men (42.6%). Moreover, low HDL levels

were observed in 867 (94.3%) of type 2 diabetes mellitus patients.

Low HDL cholesterol levels were also more prevalent in women

(97.3%) than men (92.2%). Furthermore, results showed that

triglycerides levels were high in 729 (80.1%) of type 2 diabetes

mellitus patients. In contrast, higher levels of serum triglycerides

were observed among men (84.3%) than women (76.3%). Finally,

the results showed high blood pressure in 755 (83%) of patients.

Higher levels of blood pressure were also observed among men

(86.6%) than women (79.0%). Higher prevalence of metabolic

syndrome in patients with type 2 diabetes could be explained by

the pervasive insulin resistance, HDL and triglyceride dyslipidemia,

abdominal obesity, and elevated blood pressure. These factors

interplay in vicious cycle with diabetes and cardiovascular,

neurological, inflammatory, and endocrine complications.

Almost all biochemical measurements of the enrolled patients

were more aberrant in patients with metabolic syndrome than those

without metabolic syndrome. These included fasting blood sugar,

random blood sugar, glycosylated hemoglobin (HbA1c),

triglycerides, high density lipoproteins (HDL), low density

lipoproteins (LDL), and total cholesterol. Similarly, systolic and

diastolic blood pressure as well as waist circumference were

averaged higher in patients with metabolic syndrome than in

patients without metabolic syndrome (Table 3). These

biochemical and physical aberrations could be consequences for

the underlying diminished lipoprotein lipase activity and increased

HDL catabolism associated with insulin resistance.
Pharmacotherapy assessment

The efficacy of anti-diabetic medications was evaluated by

assessment the glycemic control. All patients included in the

present study had been diagnosed with type 2 diabetes mellitus

and were regularly taking their prescribed hypoglycemic drugs at

least for six months prior to the beginning of the study.

Nonetheless, adequate glycemic control was only achieved in 109
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(12%) patients while 801 (88%) of the patients had inadequate

glycemic control. Additionally, 839 (92.2%) patients had one or

more comorbid cardiovascular diseases, namely hypertension in

755 (83%), ischemic heart diseases in 259 (28.5%), and congestive

heart failure in 157 (17.3%) patients. Of these patients, 673 (80.2%)

patients were treated with medications for their comorbid

cardiovascular diseases. Adequate blood pressure control was

achieved only in 275 (40.9%) patients. Moreover, 889 (97.7%)

patients had comorbid dyslipidemia, and only 542 (61%) of these

patients were treated with anti-dyslipidemia medications. Adequate

plasma lipoprotein levels were only achieved in 157 (29%) of those

treated patients. The inadequate glycemic control in most patients

with type 2 diabetes necessitates the need to review

pharmacotherapy and the patient compliance to prevent and treat

the cardiovascular other complications associated with type

2 diabetes.

Further analysis of pharmacotherapy outcomes showed that low

percentage of adequate glycemic control was achieved in both

patients without metabolic syndrome (6.3%) and those with

metabolic syndrome (12.8%). In the other hand, adequate blood

pressure control was better achieved in patients without metabolic

syndrome (77.2%) as compared with patients with metabolic

syndrome (34.4%). In a similar vein, dyslipidemia was properly

treated in patients without metabolic syndrome (47.3%) better than

those with metabolic syndrome (26.9%). More details are

represented in Table 4. Inadequate therapy of type2 diabetes
Frontiers in Clinical Diabetes and Healthcare 04
mellitus, dyslipidemia, and hypertension could be attributed to

several factors discussed below including insufficient prescribed

pharmacotherapy, poor patient compliance, and untreated

underlying risk factors of metabolic syndrome. Patient counseling

could also be useful to reinforce pharmacotherapy outcomes.

Treatment of diabetes mellitus involved using from one to three

combined drugs. Monotherapy was prescribed for 277 (34.4%)

patients, combined therapy was prescribed for 585 (64.3%)

patients, and triple therapy was prescribed for 48 (5.3%) patients

(Figure 2). The most common hypoglycemic medications used in

treatment of patients with type 2 diabetes was a combination of

metformin with sulfonylureas which was prescribed for 533 (58.6%)

patients. Other less common medications were metformin

monotherapy in 112 (12.3%) patients and sulfonylurea

monotherapy in 84 (9.2%) patients. Insulin monotherapy was

prescribed for 109 (12%) patients, while insulin added to one or

more oral hypoglycemic drugs was prescribed for 55 (6%) patients.

Most hypoglycemic drugs failed to achieve adequate glycemic

control in patients with type 2 diabetes. Further details about

pharmacotherapy patterns of type 2 diabetes are enlisted in Table 5.

Further analysis of data showed that 368 diabetic patients

(40.4%) had not received treatment for the comorbid

dyslipidemia. Though, adequate dyslipidemia control was found

in 22 (6%) of those untreated patients (Table 6). These findings

could be explained by the effects of anti-diabetic therapy to lower

plasma lipids. Other patients were either treated with moderate-
TABLE 1 Demographic characteristics of the participant type 2 diabetes mellitus patients (n=910).

Total patients
n (%)

Metabolic syndrome n (%) p-value

Not established Established

Metabolic syndrome 910 (100) 114 (12.5) 796 (87.5) 0.000

Gender

Male 472 (51.9) 76 (16.1) 396 (83.9)
0.002

Female 438 (48.1) 38 (8.7) 400 (91.3)

Age categories

<35 yrs 73 (8) 21 (28.8) 52 (71.2)

0.003
35–54 yrs 430 (47.3) 49 (11.4) 381 (88.6)

55–75 yrs 380 (41.8) 43 (11.3) 337 (88.7)

>75 yrs 27 (3) 1 (3.7) 26 (96.3)

Body mass index

<18.5 = underweight 31 (3.4) 13 (41.9) 18 (58.1)

0.000

18.5–24.9 = ideal weight 333 (36.6) 48 (14.4) 285 (85.6)

25–29.9 = overweight 353 (38.8) 36 (10.2) 317 (89.8)

30–34.9 = obese 141 (15.5) 9 (6.4) 132 (93.6)

>35 = severely obese 52 (5.7) 5 (9.6) 47 90.4)

Smoking

Yes 150 (16.5) 26 (17.3) 124 (82.7)
0.041

No 760 (83.5) 85 (11.2) 675 (88.8)
fro
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intensity statins (46.4%) or high-intensity statins (7.5%). Thus,

these results showed that most patients with type 2 diabetes

received no or insufficient treatment for the comorbid

dyslipidemia. This contravene with the international guidelines

which recommend a high-statin therapy for most patients with
Frontiers in Clinical Diabetes and Healthcare 05
type 2 diabetes, and may explain the inadequate dyslipidemia

control in patients with type 2 diabetes.

Moreover, about 19.8% of diabetic patients with comorbid

cardiovascular diseases received no pharmacotherapy, 24% were

treated with one drug, 33.5% were treated with combined therapy,
TABLE 2 Components of metabolic syndrome in type 2 diabetes mellitus patients (n=910).

Risk factor
Total patients

n (%)

Metabolic syndrome n (%) p-value

Not established Established

Insulin resistance

FBG <100 mg/dL, not using hypoglycemic drugs 0 (0) 0 (0) 0 (0)
NA

FBG >100 mg/dL, or using hypoglycemic drugs 910 (100) 53 (5.8) 857 (94.2)

Abdominal obesity

Waist circumference male < 102 cm; female < 88 cm 341 (37.5) 106 (31.1) 235 (68.9)
0.000

Waist circumference male > 102 cm; female > 88 cm 569 (62.5) 5 (0.9) 564 (99.1)

TGs dyslipidemia

TGs<150 mg/dL; not using hypolipemic drugs 181 (19.9) 100 (55.2) 81 (44.8)
0.000

TGs>150 mg/dL; or using hypolipemic drugs 729 (80.1) 11 (1.5) 718 (98.5)

HDL dyslipidemia

HDL<40 mg/dL in male or <50 mg/dL in female; not using hypolipemic drugs 867 (95.3) 74 (8.5) 793 (91.5)
0.000

HDL>40 mg/dL in male or >50 mg/dL in female; using hypolipemic drugs 43 (4.7) 37 (86) 6 (14)

Blood pressure

SBP<130 mmHg, DBP<85 mmHg, or not using antihypertensive drugs 155 (17) 89 (57.4) 66 (42.6)
0.000

SBP>130 mmHg, DBP>85 mmHg, or using antihypertensive drugs 755 (83) 22 (2.9) 733 (97.1)

Number of risk factors for metabolic syndrome

Patients having 2 risk factors 114 (12.5) 114 (100) 0 (0)

0.000
Patients having 3 risk factors 24 (2.6) 0 24 (100)

Patients having 4 risk factors 338 (37.2) 0 338 (100)

Patients having 5 risk factors 434 (47.2) 0 434 (100)
fro
FBG, fasting blood glucose; TG, triglyceride; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure.
FIGURE 1

Prevalence of metabolic syndrome and its risk factors among type 2 diabetes mellitus patients (n=910).
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and 17.9% were treated with triple therapy. These findings may

explain the inadequate control of hypertension observed in most

patients with type 2 diabetes. The pharmacotherapy patterns used

in treatment of the comorbid cardiovascular diseases in patients

with type 2 diabetes mellitus are presented in Table 7.
Discussion

The present study screened and assessed metabolic syndrome

among patients with type 2 diabetes mellitus and the correlation

with glycemic control. Using the NCEP ATP III criteria, metabolic

syndrome was identified in 87.5% of type 2 diabetes patients. These

results are higher than another study that found the prevalence of

metabolic syndrome to be up to 34.2% in the US population (8), as

well as studies conducted on Indian, Egyptian, and Ethiopian type 2

diabetes mellitus populations (65%, 55%, and 53.2% respectively)

(9–11). On the other hand, the results agree with studies conducted

on Saudi type 2 diabetes patients, which found that 85.8% have

metabolic syndrome (12). In concordance with previous reported

results, the prevalence pattern of metabolic syndrome increased
Frontiers in Clinical Diabetes and Healthcare 06
with age (13); this could be attributed to evolution of insulin

resistance, increased adipose tissue, and hormonal alterations. A

higher prevalence of metabolic syndrome was found in female

patients as compared to male patients, as similarly reported in

previous studies (14).

In the present study, insulin resistance was identified in all patients

with type 2 diabetes, which agrees with previous literature. Insulin

resistance is a primary precursor for development of diabetes mellitus

type 2 and is thought to be a primary denominator underlying the

pathophysiology of metabolic syndrome (15). Patients with metabolic

syndrome have slightly elevated fasting blood sugar in the pre-diabetic

range of 100−125 mg/dL or a post-prandial glucose level of 140–199

mg/dL or greater. Greater amounts of insulin are secreted from

pancreatic b cells as a compensatory mechanism to maintain

euglycemia in these states. Decompensation eventually occurs and

insulin levels are decreased, leading to hyperglycemia and type 2

diabetes mellitus (16–18). A likely explanation is that prolonged high

levels of insulin induce down-regulation and desensitization of insulin

receptors, leading to insulin resistance (19, 20).

The overall prevalence of abdominal obesity in type 2 diabetes

mellitus patients was 62.5% in the present study. Abdominal obesity

is associated with the development of enlarged and dysfunctional

adipose cells (21), which secrete adipokines like adiponectin and

inflammatory cytokines, including interleukins and tumor necrosis

factor alpha, which contribute to insulin resistance as well as the pro-

inflammatory and pro-hypertensive states associated with visceral

obesity (22–24). Lipolysis from visceral fat deposits increases free

fatty acid supply to the liver, leading to increased hepatic synthesis of

very low density lipoproteins and thus, raised levels of triglycerides

(20, 25). Free fatty acids can also accumulate in the pancreas as well as

other organs, leading to organ dysfunction, a process known as

lipotoxicity (26). Different signaling pathways are involved in

possible mechanisms for how lipotoxicity induces insulin resistance

in nonadipose tissues. For example, lipid accumulation in skeletal

muscles is linked with impaired activation of phosphatidylinositol-3

kinase (PI3K), which activates downstream protein kinase B (Akt)

that ultimately phosphorylates and inactivates glycogen synthase

kinase 3, promoting glucose storage as glycogen (27, 28). Thus,

central obesity could play an essential role in the development of

insulin resistance that culminated in having type 2 diabetes mellitus.

In particular, central obesity was much more prevalent among female

patients (84%) than male patients (42.6%). This finding could be
TABLE 4 Pharmacotherapy outcomes of type 2 diabetes mellitus and its major comorbidities (n=910).

Disease n (%)
Medication
use n (%)

Metabolic
syndrome

n (%)
Adequate
control
n (%)

Inadequate
control
n (%)

p-value

Diabetes mellitus 910 (100) 910 (100)
Yes 801 (88) 102 (12.8) 697 (87.2)

0.000
No 109 (12) 7 (6.3%) 104 (93.7)

Hypertension 755 (83) 673 (89.1)
Yes 572 (85) 197 (34.4) 375 (65.6)

0.000
No 101 (15) 78 (77.2) 23 (22.8)

Dyslipidemia 889 (97.7) 542 (61)
Yes 487 (89.9) 131 (26.9) 356 (73.1)

0.000
No 55 (10.1) 26 (47.3) 29 (52.7)
TABLE 3 Physical and biochemical measurements of type2 diabetes
mellitus patients (n=910).

Parameter
Metabolic syndrome (Mean ± SD)

Not established Established

Systolic blood pressure 121.4 ± 20.5 138.2 ± 20.7

Diastolic blood pressure 76.8 ± 13.5 82.7 ± 12.5

Waist circumference (cm) 92.17 ± 15.7 100.6 ± 16.1

FBS (mg/dl) 158 ± 67.9 183.1 ± 74.2

RBS (mg/dl) 183.4 ± 66 236.8 ± 97.5

HbA1c (%) 9.2 ± 3 9.3 ± 2.5

Triglycerides (mg/dl) 161 ± 90.1 178 ± 93.7

HDL (mg/dl) 38.2 ± 12.9 35.3 ± 10.5

LDL (mg/dl) 109.5 ± 45.7 120.4 ± 51.4

Total cholesterol (mg/dl) 168.5 ± 63 184.5 ± 69
FBS, Fasting blood sugar; HbA1c, Glycosylate hemoglobin; HDL, High density lipoproteins;
LDL, Low density lipoproteins; RBS, Random blood sugar; SD, Standard deviation.
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attributed to the sedentary lifestyle and less frequent involvement of

women in aerobic exercises in the ultraconservative community

in Yemen.

Dyslipidemia is a hallmark of metabolic syndrome. The present

study identified decreased levels of HDLs in 95.3%, as well as

increased levels of triglycerides among 80.1%, of type 2 diabetes

mellitus patients. Overproduction of very low-density lipoproteins

seems to be the most important etiology of increased plasma

triglycerides in patients with insulin resistance and type 2

diabetes (29). Additionally, those with insulin resistance and type

2 diabetes mellitus have low plasma HDL levels and elevated

triglyceride levels (30). The inverse relationship between plasma

triglyceride and HDL levels among insulin resistance patients could

be explained by the exchange of triglycerides in the very low-density

lipoproteins for HDL cholesteryl esters, a process mediated by

cholesteryl ester transfer protein (31). In addition, normal

insulin-mediated lipoprotein lipase activation is diminished in

insulin resistance where patients are relatively insulin deficient

and particularly in those with poor glycemic control (32, 33).

Thus, dyslipidemia and obesity are risk factors that need to be

controlled to impede the development of type 2 diabetes mellitus or

to regress its complications.

Elevated blood pressure was found among 83.0% of type 2

diabetes mellitus patients in the present study. This is in

concordance with previous results, which showed higher than

normal blood pressure values and hypertension among 80% of

individuals with metabolic syndrome (34). Several mechanisms

have been postulated to explain blood pressure elevation in

patients with metabolic syndrome. For example, impaired

activation of the PI3K pathway in the case of insulin resistance

reduces the antiatherogenic effects of insulin (35, 36). Furthermore,

impaired activation of Akt by PI3K results in reduced endothelial

nitric oxide synthase activity and production of nitric oxide that

mediates smooth muscle relaxation in the blood vessels (37).

Additionally, angiotensin I receptors are upregulated by insulin

hypersecretion through post-transcriptional mechanisms involving

stabilization of receptor mRNA (38). Moreover, the enhanced

sympathetic activity stimulates the renin-angiotensin-aldosterone
Frontiers in Clinical Diabetes and Healthcare 07
system, leading to renal sodium reabsorption and volume

expansion, which further elevates both diastolic and systolic

blood pressure.

Most (52.6%) type 2 diabetes mellitus patients enrolled in the

present study were on combined therapy, mostly a combination of

metformin and sulfonylurea drugs (45.2%). Monotherapy was

prescribed for 39.9%, while triple therapy was prescribed for 7.5%

of the patients. The tendency to use combination therapy reflects

the necessity of intensive control of blood glucose, which is in line

with previous findings from Nigeria (39). Adequate glycemic

control was only achieved among 15.6% patients, while 84.4% of

the patients had inadequate glycemic control. Comparable findings
FIGURE 2

Types of anti-diabetic therapy among patients with type 2 diabetes
mellitus (n=910).
TABLE 5 Prescribing patterns of anti-diabetic drugs among type 2
diabetes mellitus patients (n=910).

Hypoglycemic
drugs

Total
patients

Glycemic control

Adequate Inadequate

n (%) n (%) n (%)

Metformin
+ sulfonylureas 533 (58.6) 46 (8.6) 487 (91.4)

Metformin 112 (12.3) 22 (19.6) 90 (80.4)

Insulin 109 (12) 22 (20.2) 87 (79.8)

Sulfonylureas 84 (9.2) 17 (20.2) 67 (79.8)

Metformin + insulin 30 (3.1) 2 (6.7) 28 (93.3)

Metformin +
sulfonylureas + insulin 21 (2.3) 1 (4.8) 20 (95.2)

Metformin +
two sulfonylureas 20 (2.2) 1 (5) 19 (95)

Sulfonylureas
+ meglitinides 3 (0.3) 1 (33.3) 2 (66.7)

SGLT2 inhibitors 1 (0.1) 1 (100) 0

Metformin
+ pioglitazone 12 (1.3) 0 12 (100)

Metformin +
sulfonylureas
+ meglitinides 4 (0.4) 0 4 (100)

Meglitinides 2 (0.2) 0 2 (100)

Metformin
+ meglitinides 2 (0.2) 0 2 (100)

Two
sulfonylurea drugs 2 (0.2) 0 2 (100)

Sulfonylureas + insulin 2 (0.2) 0 2 (100)

Metformin +
pioglitazone + insulin 2 (0.2) 0 2 (100)

Metformin +
SGLT2 inhibitors 1 (0.1) 0 1 (100)

Metformin +
pioglitazone
+ sulfonylureas 1 (0.1) 0 1 (100)

Total 910 (100) 109 (12) 801 (88)
SGLT2, sodium glucose co-transporter 2.
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(14.8%) were reported from Bahrain (40), while better glycemic

control has been reported from UAE (41%) (41), Oman (35%) (42)

and Saudi Arabia (32.3%) (43). Glycemic control is far from

findings reported in Netherlands (76%) (44), and Norway (62.8%)

(45). The inadequate glycemic control observed in the present study

could be attributed to insufficient medications and poor patient

compliance and reflects the necessity review pharmacotherapy and

adherence among type 2 diabetes patients and is correlated with the

high incidence of comorbid cardiovascular complications

associated with type 2 diabetes.

Dyslipidemia (97.7%) and hypertension (83.0%) were the

most frequent comorbidities in patients with type 2 diabetes

mellitus. Other comorbid cardiovascular diseases included

ischemic heart disease (28.5%) and congestive heart failure
Frontiers in Clinical Diabetes and Healthcare 08
(17.3%). These results are in concordance with previous studies

that strongly correlated metabolic syndrome with risk of

cerebrovascular diseases in type 2 diabetes mellitus patients

(46). Blood pressure was adequately controlled only among

34.2% patients with type 2 diabetes, while adequate plasma

lipoprotein levels were only achieved among 23.6%. Reduction

of blood pressure values below 140mmHg has been associated

with decreased cardiovascular morbidity and mortality (47, 48).

Thus, our results indicate that metabolic syndrome was associated

with inadequate control of blood pressure and dyslipidemia in

patients with type 2 diabetes mellitus.

Recent evidence shows mechanistic roles of new biomarkers

including a multiprotein complex called nucleotide-binding domain

and leucine-rich repeat protein 3 (NLRP3) inflammasome in the

pathogenesis of metabolic syndrome (49). NLRP3 inflammasome

regulates production of several inflammatory mediators by including

IL-18, and IL-1b which mediates generation of other inflammatory

mediators including TNF-a and IL-6 by binding to the IL-1 receptor

(50). Thus, self-amplifying cytokine vicious cycle is initiated that

promotes progression of insulin resistance, atherosclerosis, and

metabolic syndrome (51).

Limitations of the present study include it was observational

cross sectional study, and causal relationship cannot be well

established on these studies. Implementing therapeutic and

lifestyle interventions were also beyond the scope of the study. A

prospective cohort study is warranted to confirm the study findings

by modulating the risk factors of metabolic syndrome and

determining a causal relationship between metabolic syndrome

and pharmacotherapy outcomes. Moreover, the role of recent

biomarkers including NLRP3 inflammasome and its downstream

cytokines including IL-1b in the pathogenesis of metabolic

syndrome as well as its comorbid diseases are warranted.
Conclusions

Metabolic syndrome was highly prevalent among type 2

diabetes mellitus patients. The majority of the patients had either

5 or 4 risk factors of metabolic syndrome while limited number

patients had 2 risk factors and no patient displayed a single risk

factor of metabolic syndrome. After insulin resistance which was

found in all patients, the most common component of metabolic

syndrome among patients with type 2 diabetes mellitus was HDL

dyslipidemia (94.3%), followed by elevated blood pressure (83%)

and triglyceride dyslipidemia (80.1%). Abdominal obesity was

predominantly observed among women (84%) than men (42.6%)

with type 2 diabetes mellitus. This could be attributed to sedentary

life style adopted by most females in Yemen. Metabolic syndrome

was associated with inadequate glycemic control as well as

suboptimal control of blood pressure and dyslipidemia. Early

interventions to treat metabolic syndrome could improve

treatment outcomes of diabetes mellitus and prevent the

likelihood cardiovascular complications. Moreover, the study

reflects an urgent need to review pharmacotherapy, patient

counseling, and health education for patients.
TABLE 6 Effects of hypolipidemic and hypoglycemic therapy on
dyslipidemia control in patients with type 2 diabetes.

Therapy
Total

patients

Dyslipidemia control

Adequate Inadequate

n (%) n (%) n (%)

Dyslipidemia therapy

No dyslipidemia drug 368 (40.4) 22 (6) 346 (94)

High-intensity statins 68 (7.5) 30 (44.1) 38 (55.9)

Moderate-
intensity statins

422 (46.4)
102 (24.2) 320 (75.8)

Moderate-intensity
statins + ezetimibe or
fibrates or
nicotinic acid

43 (4.7) 25 (58.1) 18 (41.9)

Low intensity statins 4 (0.4) 0 4 (100)

Fibrates 5 (0.6) 0 5 (100)

Diabetes mellitus therapy

Monotherapy 277 (30.4) 55 (19.9) 222 (80.1)

Combined therapy 585 (64.3) 111 (19) 474 (81)

Triple therapy 48 (5.3) 13 (27.1) 35 (72.9)

Total 910 (100) 179 (19.7) 731 (80.3)
TABLE 7 Treatment patterns of the cardiovascular comorbidities in
patients with type 2 diabetes (n=910).

Treatment Total patients n (%)

Comorbid cardiovascular diseases 839 (92.2)

No cardiovascular drugs 166 (19.8)

Treated with one drug 201 (24)

Treated with two drugs 281 (33.5)

Treated with three drugs 150 (17.9)

Treated with four drugs 36 (4.2)

Treated with five drugs 5 (0.6)
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21. Huth C, Pigeon É, Riou M-È, St-Onge J, Arguin H, Couillard E, et al. Fitness,
adiposopathy, and adiposity are independent predictors of insulin sensitivity in middle-
aged men without diabetes. J. Physiol. Biochem. (2016) 72:435–44. doi: 10.1007/s13105-
016-0488-2

22. Després JP, Lemieux I, Bergeron J, Pibarot P, Mathieu P, Larose E, et al.
Abdominal obesity and the metabolic syndrome: contribution to global
cardiometabolic risk. Arterioscler. Thromb. Vasc. Biol. (2008) 28:1039–49.
doi: 10.1161/ATVBAHA.107.159228

23. Ellulu MS, Khaza'ai H, Rahmat A, Patimah I, Abed Y. Obesity can predict and
promote systemic inflammation in healthy adults. Int. J. Cardiol. (2016) 215:318–24.
doi: 10.1016/j.ijcard.2016.04.089

24. Kawai T, Autieri MV, Scalia R. Adipose tissue inflammation and metabolic
dysfunction in obesity. Am. J. Physiol. Cell Physiol. (2021) 320:C375–91. doi: 10.1152/
ajpcell.00379.2020

25. Grundy S. Obesity, metabolic syndrome, and cardiovascular disease. J. Clin.
Endocrinol. Metab. (2004) 89:2595–600. doi: 10.1210/jc.2004-0372

26. Yazıcı D, Sezer H. Insulin resistance, obesity and lipotoxicity. Adv. Exp. Med.
Biol. (2017) 960:277–304. doi: 10.1007/978-3-319-48382-5_12

27. Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and insulin
resistance: Underlying causes and modification by exercise training. Compr. Physiol.
(2013) 3:1–58. doi: 10.1002/cphy.c110062

28. Miao R, Fang X, Wei J, Wu H, Wang X, Tian J. Akt: A potential drug target for
metabolic syndrome. Front. Physiol. (2022) 13:822333. doi: 10.3389/fphys.2022.822333

29. Chen J, Fang Z, Luo Q, Wang X, Warda M, Das A, et al. Unlocking the mysteries
of VLDL: exploring its production, intracellular trafficking, and metabolism as
therapeutic targets. Lipids Health Dis. (2024) 23:14. doi: 10.1186/s12944-023-01993-y

30. Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, Zuñiga FA. Association
between insulin resistance and the development of cardiovascular disease. Cardiovasc.
Diabetol. (2018) 17:122. doi: 10.1186/s12933-018-0762-4

31. Vu CN, Ruiz-Esponda R, Yang E, Chang E, Gillard B, Pownall HJ, et al.
Altered relationship of plasma triglycerides to HDL cholesterol in patients with HIV/
HAART-associated dyslipidemia: further evidence for a unique form of metabolic
syndrome in HIV patients. Metabolism. (2013) 62:1014–20. doi: 10.1016/j.metabol.
2013.01.020

32. Moebus S, Hanisch JU, Aidelsburger P, Bramlage P, Wasem J, Jöckel KH. Impact
of 4 different definitions used for the assessment of the prevalence of the Metabolic
Syndrome in primary healthcare:The German Metabolic and Cardiovascular Risk
Project (GEMCAS). Cardiovasc. Diabetol. (2007) 6:22. doi: 10.1186/1475-2840-6-22

33. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and management of the metabolic syndrome: An American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement.
Circulation. (2005) 112:2735–52. doi: 10.1161/CIRCULATIONAHA.105.169404

34. Mancia G, Bombelli M, Corrao G, Facchetti R, Madotto F, Giannattasio C, et al.
Metabolic syndrome in the Pressioni Arteriose Monitorate E Loro Associazioni
(PAMELA) study: daily life blood pressure, cardiac damage, and prognosis.
Hypertension. (2007) 49:40–7. doi: 10.1161/01.HYP.0000251933.22091.24

35. Wang H, Zhang H, Jia Y, Zhang Z, Craig R, Wang X, et al. Adiponectin receptor
1 gene (ADIPOR1) as a candidate for Type 2 diabetes and insulin resistance. Diabetes.
(2004) 53:2132–6. doi: 10.2337/diabetes.53.8.2132
Frontiers in Clinical Diabetes and Healthcare 10
36. Zhao Y, Qian Y, Sun Z, Shen X, Cai Y, Li L, et al. Role of PI3K in the progression
and regression of atherosclerosis. Front. Pharmacol. (2021) 12:632378. doi: 10.3389/
fphar.2021.632378

37. Montagnani M, Chen H, Barr VA, Quon MJ. Insulin-stimulated activation of
eNOS is independent of Ca2+ but requires phosphorylation by Akt at Ser(1179). J. Biol.
Chem. (2001) 276:30392–8. doi: 10.1074/jbc.M103702200

38. Nickenig G, Röling J, Strehlow K, Schnabel P, Böhm M. Insulin induces
upregulation of vascular AT1 receptor gene expression by posttranscriptional
mechanisms. Circulation. (1998) 98:2453–60. doi: 10.1161/01.CIR.98.22.2453

39. Yusuff KB, Obe O, Joseph BY. Adherence to anti diabetic drug therapy and self-
management practices among type-2 diabetics in Nigeria. Pharm. World Scl. (2008)
30:876–83. doi: 10.1007/s11096-008-9243-2

40. Al Khaja KA, Sequeira RP, Damanhori AH. Comparison of the quality of
diabetes care in primary care diabetic clinics and general practice clinics. Diabetes Res.
Clin. Pract. (2005) 70:174–82. doi: 10.1016/j.diabres.2005.03.029

41. Al-Kaabi J, Al-Maskari F, Nagelkerke N. Assessment of dietary practice among
diabetic patients in the United Arab Emirates. Rev. Diabetes Stud. (2008) 5:110–5.
doi: 10.1900/RDS.2008.5.110

42. Al Balushi KA, Al-Haddabi M, Al-Zakwani I, Al Za’abi M. Glycemic control
among patients with type 2 diabetes at a primary health care center in Oman. Prim Care
Diabetes. (2014) 8:239–43. doi: 10.1016/j.pcd.2014.01.003

43. Al Rasheedi AA. The role of educational level in glycemic control among
patients with type II diabetes mellitus. Int. J. Health Sci. (Qassim). (2014) 8:177–87.
doi: 10.12816/0006084

44. Heintjes EM, Overbeek JA, Huisman EL, van Diermen A, Schoonen M, Dinissen
C, et al. Glycemic control of adult type 2 diabetes mellitus patients in the Netherlands:
A cross-sectional real world database study. Values Health. (2017) 20:A474.
doi: 10.1016/j.jval.2017.08.428

45. Bakke Å, Cooper JG, Thue G, Skeie S, Carlsen S, Dalen I, et al. Type 2 diabetes in
general practice in Norway 2005–2014: moderate improvements in risk factor control
but still major gaps in complication screening. BMJ Open Diabetes Res. Care. (2017) 5:
e000459. doi: 10.1136/bmjdrc-2017-000459

46. Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic syndrome
among US adults. Diabetes Care. (2004) 27:2444–9. doi: 10.2337/diacare.27.10.2444

47. Brunstrom M, Carlberg B. Effect of antihypertensive treatment at different blood
pressure levels in patients with diabetes mellitus: systematic review and meta-analyses.
BMJ. (2016) 352:i717. doi: 10.1136/bmj.i717

48. Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, et al.
Blood pressure lowering for prevention of cardiovascular disease and death: a
systematic review and meta-analysis. Lancet. (2016) 387:957–67. doi: 10.1016/S0140-
6736(15)01225-8

49. Mastrocola R, Aragno M, Alloatti G, Collino M, Penna C, Pagliaro P.
Metaflammation: tissue-specific alterations of the NLRP3 inflammasome platform in
metabolic syndrome. Curr. Med. Chem. (2018) 25:1294–310. doi: 10.2174/
0929867324666170407123522

50. Yu W, Li C, Zhang D, Li Z, Xia P, Liu X, et al. Advances in T cells based on
inflammation in metabolic diseases. Cells. (2022) 11:3554. doi: 10.3390/cells11223554

51. de Deus IJ, Martins-Silva AF, Fagundes MMA, Paula-Gomes S, Silva FGDE, da
Cruz LL, et al. Role of NLRP3 inflammasome and oxidative stress in hepatic insulin
resistance and the ameliorative effect of phytochemical intervention. Front. Pharmacol.
(2023) 14:1188829. doi: 10.3389/fphar.2023.1188829
frontiersin.org

https://doi.org/10.1371/journal.pone.0108693
https://doi.org/10.1371/journal.pone.0108693
https://doi.org/10.1007/s13105-016-0488-2
https://doi.org/10.1007/s13105-016-0488-2
https://doi.org/10.1161/ATVBAHA.107.159228
https://doi.org/10.1016/j.ijcard.2016.04.089
https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1210/jc.2004-0372
https://doi.org/10.1007/978-3-319-48382-5_12
https://doi.org/10.1002/cphy.c110062
https://doi.org/10.3389/fphys.2022.822333
https://doi.org/10.1186/s12944-023-01993-y
https://doi.org/10.1186/s12933-018-0762-4
https://doi.org/10.1016/j.metabol.2013.01.020
https://doi.org/10.1016/j.metabol.2013.01.020
https://doi.org/10.1186/1475-2840-6-22
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1161/01.HYP.0000251933.22091.24
https://doi.org/10.2337/diabetes.53.8.2132
https://doi.org/10.3389/fphar.2021.632378
https://doi.org/10.3389/fphar.2021.632378
https://doi.org/10.1074/jbc.M103702200
https://doi.org/10.1161/01.CIR.98.22.2453
https://doi.org/10.1007/s11096-008-9243-2
https://doi.org/10.1016/j.diabres.2005.03.029
https://doi.org/10.1900/RDS.2008.5.110
https://doi.org/10.1016/j.pcd.2014.01.003
https://doi.org/10.12816/0006084
https://doi.org/10.1016/j.jval.2017.08.428
https://doi.org/10.1136/bmjdrc-2017-000459
https://doi.org/10.2337/diacare.27.10.2444
https://doi.org/10.1136/bmj.i717
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.2174/0929867324666170407123522
https://doi.org/10.2174/0929867324666170407123522
https://doi.org/10.3390/cells11223554
https://doi.org/10.3389/fphar.2023.1188829
https://doi.org/10.3389/fcdhc.2024.1380244
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

	Metabolic syndrome and pharmacotherapy outcomes in patients with type 2 diabetes mellitus
	Introduction
	Methods
	Study design
	Participant selection
	Study variables and measurements
	Study endpoints
	Ethical consideration
	Statistical analysis

	Results
	Metabolic syndrome
	Pharmacotherapy assessment

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


