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Abstract

Background: Pro-inflammatory markers are linked with the development and progression of type 2 diabetes mellitus and arterial stiffening. Pulse Wave Velocity (PWV) and Augmentation Index (Aix) are non-invasive standard markers of arterial elasticity and predictors of cardiovascular mortality and morbidity.

Aim: To investigate the effects of metformin alone and in combination with glimepiride on arterial elasticity, pro-inflammatory cytokines in black type 2 diabetes mellitus patients.

Settings: Participants were enrolled from Sefako Makgatho Health Sciences University community, Gauteng, South Africa.

Methods: PWV and Aix were measured using the AtCor SphygmoCor® system (AtCor Medical, Inc., Sydney, Australia). Cytokines levels were measured using Multiplexing with Bio-Plex Pro™ human inflammation panel I assay. Treatment naïve type 2 diabetes participants were divided into two groups: metformin (M) (n = 10) and metformin glimepiride (MS) (n = 14). The study participants were followed up at 4 and 8 months after treatment initiation.

Results: In the M and MS, IL-1β increased significantly at four months (58.19 ± 0.03 pg/ml, 58.35 ± 0.30 pg/ml) when compared to baseline (33.05 ± 18.56 pg/ml, 34.79 ± 18.77 pg/ml) then decreased significantly at eight months (29.25 ± 11.64 pg/ml, 32.54 ± 14.26 pg/ml) when compared to four months (58.19 ± 0.03 pg/ml, 58.35 ± 0.3 pg/ml) (p < 0.05). There were no significant changes in PWV, Aix, IL-1ra, IL-2, IL-6, IL-8, TNF-α and hs-CRP levels at both treatment intervals.

Conclusion: Metformin alone or in combination with glimepiride did not improve arterial elasticity and did not reduce pro-inflammatory cytokines levels in T2DM black South African patients.

Contribution: The context-based knowledge generated by the current study is expected to enhance the continuum of care for T2DM patients.
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Introduction

Arterial stiffening reflects a steady fragmentation and loss of elastin and build-up of stiffer collagen fibres in the arterial wall. Over time, the walls of large arteries particularly the aorta lose elasticity which results in increased arterial stiffness (Oh 2018). Structural, cellular and molecular modifications are processes which the arterial wall is continuously subjected to. These processes result in changes of the wall structure, dimensions, contractile and elastic properties; they involve cellular growth properties, apoptosis, cell migration, inflammation and fibrosis (Dietrich et al. 2010).

Pulse wave velocity (PWV) and augmentation index (Aix) are regarded as the gold standard non-invasive methods for measuring arterial stiffness. PWV can be defined as the distance travelled by the pulse wave divided by the time taken to travel the distance and can be measured at any arterial segments between two regions. Increased speed of the pulse wave in the artery indicates increased arterial stiffness. Carotid-femoral PWV is considered as the gold standard for measuring central arterial stiffness (Franklin 2008; Lee & Oh 2010; Osuch et al. 2012). Augmentation index is an indirect measure of arterial stiffness. It is a measure of pulse wave reflection that computes how much of the central pulse pressure that is accounted for by the reflected pulse wave (Janner et al. 2012). The timing and amplitude of the reflected wave eventually depend on the stiffness of the small vessels and large arteries and therefore, Aix provides a measure of systemic stiffness (Wilkinson et al. 2002).

Studies have shown that type 2 diabetes mellitus (T2DM) is a pro-inflammatory state with the evidence of increased levels of high-sensitivity C-reactive protein (hs-CRP) and pro-inflammatory cytokines: interleukin 1β (IL-1β), interleukin 6 (IL-6) and tumour necrosis factor alpha (TNF-α), among others (Misra, Das & Sahu 2012). Type 2 diabetes mellitus is characterised by several grades of insulin resistance and relative deficiency in its production. Insulin resistance has been accredited to adipose tissue activation linked with an elevated release of inflammatory cytokines such as TNF-α and IL-6 (Cruz et al. 2013).

Metformin use may decrease cardiovascular diseases (CVD) via an effect on arterial stiffness, and it has been proposed that metformin interferes with the formation of advanced glycation end products (AGEs) thereby inhibiting cross-linkage of the pressure load-bearing elements of the arterial wall by AGEs (Van Bortel et al. 2012). Metformin was shown to act as an anti-inflammatory by suppression of nuclear factor kappa-light-chain-enhancer of activated B cells (NFĸB) via AMPK-dependent pathways in human vascular smooth muscle cells (VSMCs) (Lunder, Janić & Šabovič 2021). In a study done by Isoda et al. (2006), metformin inhibited IL-1β, IL-6 and IL-8 release from human vascular smooth muscle cells, endothelial cells and macrophages, and it also suppressed cytokine-induced NF-κB-dependent gene transcription (Zheng et al. 2012). By controlling hyperglycaemia, weight gain and lipid profile, metformin exhibits anti-inflammatory action indirectly resulting in a favourable effect on chronic inflammation (Saisho 2015).

The findings of the Maastricht Study demonstrated that metformin use had no beneficial effects on arterial stiffness in T2DM Caucasian patients (Driessen et al. 2019). However a study by Matsumoto et al. (2004) reported that metformin therapy attenuates the progression of carotid arterial wall thickness in T2DM Japanese patients (Matsumoto et al. 2004). Araki et al. (2006) showed that in T2DM patients recruited from Center of Osaka City University Hospital, metformin improved arterial elasticity (Araki et al. 2006); furthermore, a study by Shargorodsky et al. (2012) conducted at the Wolfson Medical Center in Israel showed that metformin treatment was linked with significant decrease in Aix after 1 year of treatment, suggesting that metformin may facilitate its vascular effects via glycaemic control-independent mechanisms (Shargorodsky et al. 2012).

The effects of metformin on arterial elasticity and pro-inflammatory cytokines in black type 2 diabetes South African patients have not been reported. The aim of this study was to investigate the effects of an 8-month treatment with metformin alone and in combination with glimepiride on arterial elasticity, pro-inflammatory cytokines (IL-1β, IL-6, IL-8, TNF-α and hs-CRP) and anti-inflammatory cytokines (IL-1ra, IL-2) in black T2DM patients.

Research methods and design

Comparative study model was used. Consent was acquired from the participants before entering the study. Full explanation of the study procedures regarding measuring of vital signs, PWV and Aix, blood drawing via vacupunture for HbA1c, plasma glucose determination and analysis of cytokines was given with the possibility of withdrawal at any time. The study was accomplished in accordance with the principles detailed by the Declaration of Helsinki.

Twenty-four newly diagnosed treatment naïve type 2 diabetes participants were enlisted from Sefako Makgatho Health Sciences University community and Dr George Mukhari Academic Hospital. A global e-mail of the study information leaflet was sent to the university community, and face-to-face recruitment of the hospital patients was done. After screening, participants were divided into two groups. Participants were either treated with 850 mg metformin daily (M group) (n = 10) or with 850 mg plus 2 mg glimepiride daily (MS group) (n = 14). The study participants were followed up twice at 4 months and 8 months after treatment initiation. Participants with diabetes were not given additional medication.

Informed written consent was obtained using a consent document, after explaining the research and assessing participant comprehension. Questionnaires completed, vital signs and body mass index (BMI) were measured. Venous blood was collected via vacupunture after overnight fasting, and determination of HbA1c levels, plasma glucose and the high sensitivity C-reactive protein was done by the National Health Laboratory Services, a South African National Accreditation System (SANAS)-ascribed laboratory. To ensure the correct and consistent sample collection and handling, the National Health Laboratories Services handbook on standard operating procedures, version 1, active from 06 March 2015, and document number GPQ0064 were used as guidelines. The cytokine levels were measured using Multiplexing with Bio-Plex Pro human inflammation assays (Bio-Plex Pro™ human inflammation panel I). The concentrations of IL-1β, IL-1ra, IL-2, IL-6, IL-8 and TNFα were determined according to the manufacturer’s protocol.

Pulse wave velocity and Aix were noninvasively measured using the AtCor SphygmoCor® system (AtCor Medical, Inc., Sydney, Australia). Electrocardiogram-gated carotid and femoral waveforms were documented using applanation tonometry. Carotid-femoral path length was calculated as the difference between the surface distance joining the (1) suprasternal notch, the umbilicus, and the femoral pulse and (2) the suprasternal notch and the carotid pulse. The carotid-femoral transit time was projected in 8–10 sequential femoral and carotid wave forms as the average time difference between the inception of the femoral and carotid waveforms. Pulse wave velocity was assessed as the carotid-femoral path length divided by the carotid-femoral transit time as expressed in metres per second (m/s).

Augmentation index was determined by pulse wave analysis (PWA). Radial artery waves were noninvasively recorded by applanation tonometry. Twenty waves were captured, and PWA was used to obtain a central aortic pulse wave and haemodynamic measures by a generalised authorised mathematical transfer function. Aix measurements were standardised to a pulse rate of 75 beats per min and extracted as a percentage (%). To identify the cytokines that were individually correlated with PWV and Aix, Pearson’s correlation coefficient analysis including all study participants (n = 24) was performed.

Sample size estimates were based on estimation of the difference in PWV between any two groups. With a sample size of 12 per group at the 5% level, a two-sided T-test will have 80% power to distinguish a difference of 2 m/s (7–9) in PWV between any two groups, assuming a common standard deviation of 2.5 m/s. Sample size estimation was done on a Query Advanced (Statistical Solution Ltd, Cortc, Ireland), version 8.1.1.0.

Validity was upheld by strict adherence to the inclusion and exclusion criteria. The AtCor SphygmoCor® used for evaluating PWV and Aix was to be operated by a trained dedicated operator. All the equipment used in the lab investigations were purchased from reputable suppliers, and the procedures were performed according to the manufacturer’s protocol.

Statistical analysis

All statistical analyses were done on SAS (SAS Institute Inc, Carey, NC, USA). Continuous variables were plotted as standard deviations and mean values. Mean values of the demographic variables were compared between the two test groups by analysis of variance (ANOVA) followed by pair-wise T-test comparison. Median values for both PWV and Aix were determined. Linear regression analysis was done with PWV and Aix @75 as outcomes (dependent) variables and the demographic variables as predictors (independent) variables.

Ethical considerations

Ethical clearance to conduct this study was obtained from the Sefako Makgatho University Research Ethics Committee (No. SMUREC/M/112/2016:PG).

Results

Of the 24 study participants, 11 were females and 13 were males aged 52.58 ± 12.7 years. The haemodynamic and clinical descriptions of the study participants are shown in Table 1. In the metformin group, BMI significantly increased at 4 months of treatment (29.90 ± 5.6 kg/m2) and 8 months (30.25 ± 5.6 kg/m2) from baseline (28.94 ± 5.44 kg/m2) (p < 0.05).
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In the metformin and glimepiride group, mean arterial pressure (MAP) significantly decreased at 4 months (94.71 ± 12.31 bpm) from baseline (103.14 ± 6.37 bpm) (p < 0.05). Arterial and radial diastolic blood pressure (DBP) were significantly decreased at 4 months (77.29 ± 7.91 mmHg) from baseline (85.14 ± 7.06 mmHg) (p < 0.05). Plasma glucose was significantly decreased at 4 months (6.98 ± 4.1 mmol/L) when baseline (12.48 ± 7.57 mmol/L) (p < 0.05).

There was no statistically significant difference in the effect of metformin alone and metformin plus glimepiride on PWV and Aix at 4 and 8 months of treatment (Table 1).

In the M and MS groups, IL-1β increased significantly at 4 months of treatment (58.19 ± 0.03 pg/mL, 58.35 ± 0.30 pg/mL) when compared to baseline (33.05 ± 18.56 pg/mL, 34.79 ± 18.77 pg/mL), then decreased significantly at 8 months (29.25 ± 11.64 pg/mL, 32.54 ± 14.26 pg/mL) when compared to 4 months (58.19 ± 0.03 pg/mL, 58.35 ± 0.3 pg/mL) (p < 0.05) (Table 2).
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There were no statistically significant changes in IL-1ra, IL-2, IL-6, IL-8, TNF-α and hs-CRP levels at 4- and 8-months treatment.

Pulse wave velocity was directly correlated to IL-1β (r2 = 0.17800; p = 0.0262), IL-2 (r2 = 0.19659; p = 0.0139) and inversely correlated to IL1ra (r2 = –0.15251; p = 0.0544). Augmentation index was directly correlated to IL-6 (r2 = 0.15473; p = 0.0538) (Table 3).
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Discussion

Prolonged low-grade inflammation plays a vital role in T2DM pathogenesis. Such a systemic and subclinical inflammatory process can be categorised by high levels of circulating inflammatory cytokines including hs-CRP, IL-1, IL-6, IL-8 and TNF-α. Several mechanisms have been indicated for cytokines in the development of T2DM development among some is that cytokines can directly block insulin receptor signalling by triggering c-Jun amino-terminal kinase and an inhibitor of nuclear factor kappa-beta kinase, resulting in serine phosphorylation of insulin receptor substrate (Pickup 2004).

The results of this study showed that PWV and Aix were directly correlated to pro-inflammatory cytokines (IL-1β, IL-6) and inversely correlated to anti-inflammatory cytokines (IL-1ra); however, metformin alone and in combination with glimepiride did not improve PWV and Aix over a period of 8 months of treatment and did not reduce pro-inflammatory cytokine levels. All participants had poor glycaemic control, which might have influenced the study outcomes. Hyperglycaemia is characterised by elevated levels of serum acute phase proteins and many cytokines (such as TNFα, lL-6, lL-1β) and can trigger monocytes to produce pro-inflammatory cytokines and chemokines. This modifies insulin sensitivity and consequently affects glucose metabolism (Juan, Minglian & Xingping 2014). Furthermore, chronic hyperglycaemia initiates the secretion of a damage-related S100A8 molecule (calgranulin A) from pancreatic islets that in turn increase macrophage infiltration leading to the production of pro-inflammatory cytokines, including IL-1β (Daryabor et al. 2020). IL-1β is a potent pro-inflammatory cytokine and is strictly regulated by IL-1ra. The balance in IL-1β and IL-1ra levels is critical in defining the response of β-cells and eventually the progression of T2DM. IL-1β facilitates insulin secretion and promotes β cell apoptosis, which can ultimately result in the development of T2DM (Alfadul, Sabico & Al-Daghri 2022).

These results are like those shown by Chang et al. (2018) where in uncontrolled T2DM patients, short-term treatment with oral hypoglycaemic drugs showed no significant improvement in the PWV, aortic augmentation index or markers of inflammation (Chang et al. 2018). However, these results contradict the results where metformin was shown to reduce the expression of IL-1β (Zak et al. 2020), IL-6 (Kang et al. 2017), IL-8 (Takemura et al. 2007), TNF-α (Hyun et al. 2013) and hs-CRP (Karbalaee-Hasani et al. 2012). Zak et al. (2020) showed that after 3-month treatment with metformin, IL-1β levels decreased by 88% and that the degree of its change was linked with the values of HbA1c. Inhibition of IL-1β leads to a decrease in the inflammatory process in pancreatic islets, and a reduction in glucose levels which results in an improvement of vascular complications and prevents the conversion of prediabetes to clinically expressed T2DM (Furmanova et al. 2019). IL-1β triggers the production of IL-6 and IL-8, and metformin inhibits IL-8 release from human adipose tissue in vitro. Other studies have shown that metformin suppresses IL-1β-induced production of IL-6 and IL-8 in human vascular wall cells (Takemura et al. 2007). A study by Hyun et al. (2013) showed that metformin inhibited the production of pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α) by suppressing protein and mRNA expression in a dose-dependent manner. Tumour necrosis factor alpha is significant cytokine that influences not only inflammation but also metabolic diseases. Elevated TNF-α leads to insulin resistance by blocking insulin signalling pathways and altering the expression of glucose transporter 4 (Hyun et al. 2013). A systemic review and meta-analysis by Karbalaee-Hasani et al. (2021) indicated a significant decrease in circulating levels of CRP, TNF-α and IL-6 after metformin treatment in a subgroup of treatment duration ≥ 24 weeks (Karbalaee-Hasani et al. 2021).

Inflammation has been identified as the main trigger of T2DM (Ellulu & Samouda 2022), and T2DM accelerates the process of arterial stiffening (Rasakanya & Osuch 2023). The results of this study showed that PWV and Aix were directly correlated to pro-inflammatory cytokines (IL-1β, IL-6) and inversely correlated to anti-inflammatory cytokines (IL-1ra). Studies suggest that metformin exhibits its anti-inflammatory actions by inhibiting NFκB and activating AMPK (Saisho 2015). However, in this study, a lack of adequate glucose level control could have direct effect on the outcome.

In patients with uncontrolled T2DM, CVD contributes to nearly 52% of all-cause mortality. In general, T2DM is linked with a twofold increase in all-cause mortality and a threefold increase in cardiovascular mortality. Diabetes mellitus was alleged to be equivalent to coronary artery disease (Rajbhandari et al. 2021). Type 2 diabetes mellitus is also associated with heart failure, retinopathy, peripheral artery disease, stroke, neuropathy and nephropathy (Cade 2008).

Limitations of the study

Multiple limitations emerged during the current study. Firstly, the small sample size could inhibit the generalisation of the findings in relation to the correlation between PWV, Aix and the study cytokines. Secondly, disease severity and the possible lack of compliance to treatment by study patients might have impacted the study outcome.

Conclusion

For the first time, the effects of metformin alone and metformin plus glimepiride on arterial elasticity and pro-inflammatory markers in T2DM black South African participants have been investigated. Pulse wave velocity and Aix were directly correlated to pro-inflammatory cytokines (IL-1β, IL-6) and inversely correlated to anti-inflammatory cytokines (IL-1ra); however, metformin alone or in combination with glimepiride did not reduce pro-inflammatory cytokine levels and did not improve PWV and Aix, and therefore did not improve arterial elasticity over a period of 8 months of treatment. Due to the small sample size and the lack of adequate glucose level control in the study participants, a definite conclusion regarding the effects of metformin alone or in combination with glimepiride on arterial elasticity and pro-inflammatory cytokines in T2DM black South Africans cannot be made. Further investigations should be done on a larger sample size, with diabetes-controlled participants for a longer treatment period.
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TABLE 2: Effect of metformin alone and metformin plus glimepiride on cytokines at 4 and 8 months of treatment compared to baseline (N = 24).

Cytokines MO MS0 M1 [ Ms1 Ms2
(n=10) (n=14) (n=10) (n=10) (n=14) (n=14)

Pro-inflammatory cytokines

IL-1B 33.05+18.56 34.79+18.77 58.19+0.031,1 29.25+116 58.35+0.31,1 32.54+143
IL-6 21.70+8.14 27.07£9.35 21.70+8.1 30.95+21.7 28.07+8.4 29.00+17.8
IL-8 122.1+164.6 1122939 12211646 418.2+808.6 115.28+93.9 360.2+675.9
TNF-a 59.50+26.15 69.25+27.4 5050262 55.45+28.4 67.26+27.4 62.93+24.7
hs-CRP 10.30+8.91 7.14+9.07 10.00+9.7 10.00+9.7 74363 7.43+63
Anti-inflammatory cytokines

IL-Ira 38.70+43.36 31.3217.84 3870434 28.80+18.6 3332168 33.93+205
IL-2 14.90+7.94 18.39£9.46 14.90+7.9 15.70+4.05 19.39+9.7 15.54+4.6

Note: MO, M1, M2 metformin group visit O (baseline), visit 1 and 2 (4 and 8 months), MSO, MS1, Ms2 metformin plus glimepiride visit 0 (baseline), visit 1 and 2 (4 and 8 months). 1, p < 0.05 MO
compared to M1, M2; p < 0.05 MSO compared to M1, MS2; £, p < 0.05 M1 compared to M2; p < 0.05 Ms1 compared to Ms2.

IL, interleukin; hs-CRP, highly sensitive C-reactive protein; TNFa, tumour necrosis factor alpha.
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TABLE 1: Effect of metformin and glimepiride on study variables at baseline, 4 months and 8 months of treatment (N = 24).

Variables Mo Mso M1 M2 ms1 Mms2
(n=10) (n=14) (n=10) (n=10) (n=14) (n=14)
BMI 28.94£5.44 31.42+5.78 29.90+5.61 30.25+5.67 33.03x4.5 33.55+4.3
MAP 103.80+16.80 103.14+6.37 98.40+9.1 100.60+9.8 94.71+12.3}1 103.50+11.6
aPP 47.00+24.70 38.00+13.86 42.70+17.2 38.40+9.4 38.00+15.1 44.36+12.9
rPP 55.50+21.77 38.00+13.86 51.20+16.9 48.80+14.0 46.50:14.8 55.86+13.7
HR 73.20+15.89 74.86+12.15 66.60+7.1 76.90+8.1§ 73.79+17.9 72.64+12.3
aSBP 125.20+26.07 123.07+10.77 122.50£17.7 122.40+11.4 114.57+19.8 128.36+17.1
aDBP 84.20+11.38 85.14+7.06 79.80+4.9 84.00+7.8 77.29+7.9% 83.79+9.9
rSBP 133.90£26.11 132.79+11.60 129.90+16.6 132.00+15.9 123.07+19.1 138.64+17.74
rDBP 82.80+11.35 83.57+7.25 78.70+5.12 83.20+7.3 75.50+7.51 82.64+82.6
P glucose 9.19+3.62 12.48+7.57 8.90+6.6 6.38+2.9 6.98+4.17 9.86+5.9
HbAlc 8.68=3.16 6.71+2.62 8.62x2.5 8.62+2.5 9.58+5.5 958 -E5i5)
PWV 7.86+1.91 6.89+5.37 8.34=3.06 7.08+1.87 6.53x2.21 8.61+3.50
Aix 28.60+7.63 28.14+8.44 27.90+7.39 25.10+9.48 24.53 +14.67 26.07+11.70

Note: MO, M1, M2 metformin group visit O (baseline), visit 1 and 2 (4 and 8 months), M0, MS1, MS2 metformin plus glimepiride visit O (baseline), visit 1 and 2 (4 and 8 months). , p < 0.05 MO
compared to M1, M2; 1, p < 0.05 MSO compared to MSL, MS2; §, p < 0.05 M1 compared to M2; p < 0.05 Ms1 compared to Ms2.

BMI, body mass index; MAP, mean arterial pressure; aPP, arterial pulse pressure; rPP, radial pulse pressure; HR, heart rate; aSBP, aortic systolic blood pressure; rSBP, radial systolic blood pressure;
aDBP, aortic diastolic blood pressure; rDBP, radial diastolic blood pressure; P, glucose plasma glucose; HbA1c glycated haemoglobin; PWV, pulse wave velocity; Aix, augmentation index.
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TABLE 3: Pearson’s correlation coefficients of study cytokines with pulse wave
velocity and augmentation index (N = 24).

Parameter PWV Aix
estimates +SE R P . P
IL-1B 0.17800 0.02627 0.08660 0.2824
IL-6 0.01547 0.8480 0.15473 0.0538*
IL-8 -0.09622 0.2321 0.04716 0.5588
TNF-a -0.09035 0.2620 -0.04078 0.6132
hs-CRP 0.05384 0.4620 0.12765 0.1055
IL-Ira -0.15251 0.05447 -0.07739 0.3369
IL-2 0.19659 0.01397 0.13714 0.0878

IL, interleukin; hs-CRP, high sensitivity C-reactive protein; TNFa, tumour necrosis factor
alpha; PWV, pulse wave velocity, AIX, augmentation index.

+ 5<0.05.





OPS/CoverDesign.jpg
FRAOSIS

Health SA Gesondheid

hitp://wwwhsag.coza

Effects of metformin on arterial
elasticity and pro-inflammatory
markers in black diabetes patients

Tsakani L. Rasakanya and Elzbieta Osuch

Health SA Gesondheid 29(0), 22419.
https/doi.org/10.4102/hsag.v29i0.2419






