Clinical Medicine Insights:
Endocrinology and Diabetes
Volume 17: 1-7

© The Author(s) 2024

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/11795514241263298

S Sage

Aggravated Systemic Inflammation and Atherogenicity
in African Patients Living With Type 2 Diabetes
and Hypertension Comorbidity

Ernst J Groenewald', Bongani B Nkambule?
and Tawanda M Nyambuya3

Department of Health Sciences, Faculty of Health and Applied Sciences, Namibia University of
Science and Technology, Windhoek, Namibia. 2School of Laboratory Medicine and Medical
Sciences, College of Health Sciences, University of KwaZulu-Natal, Durban, South Africa.
3Department of Molecular Medicine and Haematology, School of Pathology, Faculty of Health
Sciences, University of the Witwatersrand, Johannesburg, South Africa.

ABSTRACT

OBJECTIVE: To explore routinely measured markers of systemic inflammation in hypertension (HTN) and type 2 diabetes (T2D) comorbid-
ity, and their association with atherogenicity.

METHODS: This study included a total of 70 patients with T2D which were categorised into 2 groups, that is with T2D and with HTN comor-
bidity (T2D + HTN) (n=35/group). All measured laboratory parameters were determined using standardised methods.

RESULTS: The neutrophil/lymphocyte ratio (NLR) was elevated in patients with T2D +HTN when compared to those with T2D (P=.0494).
This was also the case with C-reactive protein (CRP) levels (P<.0001) and systemic immune-inflammation (Sll) index (P=.0298). Notably,
the majority of patients with T2D +HTN [63% (n=22)] were classified as having an intermediate or high atherogenic index of plasma (AIP).
The correlation analysis of systemic inflammation showed significant associations between CRP and age (r=.24, P=.0477); CRP and red
blood cell count (r=-.4, P=.0455), and Sll and systolic blood pressure (SBP) (r=.33, P=.0056). However, there was no association between
inflammatory profiles and lipograms (P> .05). We further assessed predictors for an elevated AIP using mutivariable regression model
adjusted for age, SBP, CRP and SII. Only NLR was a significant predictor of AIP (B=.287, SE: 0.1, P=.0046).

CONCLUSION: HTN comorbidity in T2D is associated with exacerbated levels of inflammation and atherogenicity. NLR is a significant inde-
pendent risk factor for increased atherogenicity in patients with T2D. Therefore, the use of therapeutic strategies that target and alleviate
inflammation in patients with T2D and HTN comorbidity is imperative in reducing the initiating and progression of cardiovascular events

(CVEs).
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Introduction

Hypertension (HTN) is an independent risk factor for cardio-
vascular events (CVEs) in patients with type 2 diabetes (T2D).1
Obesity, vascular and renal interstitial inflammation are identi-
fied as the prominent mechanisms involved in the pathogenesis
of HTN.23 Patients living with HTN and T2D comorbidity
are at a two-fold risk of developing CVEs when compared to
normotensive individuals with T2D.* Therefore, the early
assessment of cardiovascular risk in these patients using rou-
tinely measured laboratory biomarkers is instrumental in the
identification and monitoring of high risk cases, and reducing
disease burden. The lipoproteins derived atherogenic index of
plasma (AIP) is a good predictor of CVEs in patients with
T2D and metabolic syndrome.> Notably, the coexistence of
atherogenic dyslipidaemia and low-grade inflammation is a
prominent feature in T2D.® However, this relationship remains
unclear in patients with HTN and T2D comorbidity.

Individually, HTN and T2D are associated with chronic
inflammation and immune activation mediated by pro-inflam-
matory immune cells.”$ The routinely measured complete blood
count and its derived parameters are instrumental in elucidating
the patient’s inflammatory state. In the context of T2D, the
chronic inflammatory state is characterised by elevated white
cell, neutrophil and lymphocytes counts, and a high neutrophil-
to-lymphocyte ratio (NLR).? This immune activation signature
is also observed in patients with HTN.1° The systemic immune-
inflammation index (SII) is a reliable inflammatory index that
integrates 3 immune cells (neutrophils, platelets and lympho-
cytes) and is strongly associated with the pathogenesis of T2D-
associated complications including CVEs.1112 However, the
interplay between systemic inflammation and HTN in patients
with T2D remains elusive. Therefore, in this study, we explored
routinely measured markers of systemic inflammation in HTN
and T2D comorbidity, and their association with atherogenicity.
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Materials and Methods Statistical analysis
N tudy pop ulation We estimated the minimum sample size using G*power soft-

This prospective cross-sectional study included a cohort of out-
patients with T2D who visited the Katutura Community
Health Centre in Windhoek, Namibia between September, and
December 2020. All cases of T2D were clinician diagnosed,
based on the American Diabetes Association guidelines.™
The study was approved by the Namibia University of Science
and Technology Ethics committee (FHAS 1/2020) and the
Namibia Ministry of Health and Social Services (17/3/3 MN).
All included participants provided written informed consent
and the study was conducted according to the Declaration of
Helsinki code of ethics.!* One hundred and fifteen adult
patients (n=115) were randomly recruited and a total of 70 par-
ticipants were included in this sub study. The patients were
stratified into 2 equal groups, that is with T2D and those with
HTN comorbidity (T2D + HTN) (n=35 per group). Patients
with recent or active infections, pregnancy, malignant diseases
or autoimmune diseases were excluded. All included patients
underwent a general physical examination and clinical measure-
ments were performed by a qualified health practitioner.

Laboratory measurements and clinical parameters

Venous blood (2-3mL) was collected by a qualified registered
nurse into ethylenediaminetetraacetic acid (EDTA), sodium
fluoride, and serum separator tubes (BD; San Jose, USA). All
laboratory tests were performed at the Namibia Institute of
Pathology, an ISO 15189 accredited laboratory. The levels of
glycated haemoglobin (Hb1lAc) and plasma glucose were
measured the Cobas ¢501 analyser (Roche, Basel, Switzerland).
The haematological indices were determined using the
Sysmex 1000 XN automated haematology analyser (Sysmex
Corporation, Kobe, Japan). The levels of CRP and serum glob-
ulins were measured using the Alinity ¢ analyser (Abbot,
Illinois, USA), whilst the Test 1 THL Alifax S.p.A (Alifax,
Udine, Italy) was used to determine the erythrocyte sedimen-
tation rate (ESR). We also calculated the NLR, albumin to
globulins (A/G) ratio and the SII as surrogate markers of
inflammation. The SII was calculated using the formula:

9 . 9
. PZatelez‘(lO /l)xNeutropbzl(lO /0,

Lymp/yocyte(109 /1)

In order to assess the cardiovascular risk, we determined
the lipid measurements (cholesterol and triglycerides levels)
using the Alinity ¢ analyser (Abbot, Illinois, USA). In addition,
we estimated high-density lipoprotein cholesterol (HDL-c)/
cholesterol ratio and AIP as surrogate markers of cardio-
vascular risk. The AIP was calculated using the formula;

Triglycerides(mmol / 1)
AlIP= log10 and the
High — density Lipoproteins (mmol / )

patients were stratified into 3 categories viz low, intermediate

and high risk."s

ware version 8.01' based on a previous study.’” The following
assumptions were made; the power of the study (1-f,,, prob) was
set at 0.95, an alpha value (a.,,, prob) of 0.05, an effect size (d)
of 0.95 and group allocation ratio 1:1. The D’Agostino &
Pearson test was used to test for normality. A two-tailed unpaired
student’s s-test was used to compare the means between the
groups for all parametric variables and data was presented as
mean & standard deviation (SD). The Welch’s test was also
applied to correct for unequal variance. For non-parametric data,
the Mann Whitney U test was used, and data were presented as
median and interquartile range [IQR]. Correlation analyses
were performed using the Spearman coefficient and the multi-
variable regression analysis was conducted to adjust for factors
that explain the associations between AIP and NLR, SII, CRP,
SBP and age variables. A P-value of <.05 was considered sta-
tistically significant. All statistical analyses will be performed
using GraphPad Prism version 8 software version 8.0.2
(GraphPad Software Inc, CA, USA).

Results
Clinical characteristics of included participants

A total of 70 outpatients with T2D were included in the study.
The participants were from the same socio-economic and ethnic
background with a male-to-female ratio of 0.56 (Table 1). The
duration of T2D differed significantly between the groups with
the T2D + HTN group having a longer duration than the T2D
group (P=.0212). All included participants were on anti-diabetic
treatment and were mostly (91%) on metformin, and a few were
on insulin or sulphonylureas or moduretic (Table 1). The
T2D +HTN group had significantly elevated systolic blood
pressure (SBP) (140.20 £21.24) and diastolic blood pressure
(DBP) (88.66 +11.79) when compared to the T2D group
(127.10 +£15.07) (P=.0040) and (82.34+9.17) (P=.0149),
respectively (Table 1). The majority of the patients with HTN
(58%) were in stage 2 with a SBP of =140mm/Hg and a
DBP =90 mm/Hg, and 20% had stage 1 (SBP: 130-139 mm/Hg
and DBP: 80-89 mm/Hg). The remaining 8% and 18% of the
patientshad elevated (SBP:120-129 mm/Hgand DBP < 80 mm/
Hg) and normal (SBP <120mm/Hg and DBP <80 mm/Hg)
blood pressures, respectively. Patients with stage 1 HTN had a
mean age of 54.63 £ 11.34years whilst those with stage 2 was
47.80 £ 12.13 years. Although the BMI was comparable between
the 2 groups (P>.05), the participants in both groups were
overweight (BMI > 25kg/m? (Table 1)).

Glucose and haematological profiles

The HbA;c and the plasma FPG levels were comparable
between the groups (P>.05) and above the normal range
despite the patients being on treatment (Table 1). An assess-
ment of haematological indices showed a reduction in the red
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Table 1. Characteristics of included patients.

PARAMETER T2D (N=35)

P-VALUE

T2D +HTN (N=35)

Clinical characteristics
Age 42.71+10.88
Male n (%) 13 (837%)

Systolic blood pressure (mm/Hg) 12710 + 15.07

Diastolic blood pressure (mm/Hg) 82.34+9.17
Body mass index (kg/m?) 27.52+513
Duration of type 2 diabetes (years) 3.69+2.87

<2yn (%) 8 (22.86%)

2-4y n (%) 17 (48.57%)

>4y n (%) 10 (28.57%)
Treatment

Metformin n (%) 27 (771%)

Insulin n (%) 3 (8.57%)

Metformin + Insulin n (%) 5 (14.29%)

Sulphonylurea n (%) 0 (0%)

Moduretic n (%) 0 (0%)
Glucose profiles

Glycated haemoglobin (%) 8.58 +1.45

Fasting plasma glucose (mmol/L) 10.12+3.55
Haematological profiles

White cell count (10%/L) 6.10=1.43

Red cell count (10%2/L) 4.97 £0.45

Platelets (109/L) 293.30 +73.52

Mean platelet volume (fL) 10.80+0.99

P-value <.05 was significant and is presented in bold.

cell count in the T2D + HTN group (4.74 = 0.45) when com-
pared to the T2D group (4.97 £0.45), P=.0364. However,
there was no significant difference in the white cell nor platelet
counts between the 2 groups (P>.05) (Table 1).

Inflammatory profiles

CRP is a sensitive and reliable marker of systemic inflam-
mation that is associated with increased risk of HTN. In
this study, we report elevated CRP levels in the T2D + HTN
(5.71 £3.97) in comparison to the T2D group (2.48 = 1.17),
P<.0001 (Figure 1A). Similarly, the ESR was higher in the
T2D + HTN (30.29 = 19.78) when compared to the T2D
group (19.66 = 14.18), P=.0119 (Figure 1B). The serum

49.49+10.67 .0106
10 (29%) 4452
140.20 +21.24 -0040
88.66 + 11.79 -0149
28.96 +5.41 .2552

6.40+6.10 0212

10 (28.57%)
8 (28.57%)

17 (48.57%)

16 (45.71%)
4 (11.43%)
7 (20.00%)
4 (11.43%)
4 (11.43%)

8.31+1.54 .4587
9.53+2.93 4454
6.70 =1.41 .0807
4.74 £0.45 .0364
302.70 = 31.48 .5637
10.65*+0.84 A7

globulins were elevated in the T2D+ HTN group
(38.14+4.01) when compared to the T2D group
(35.46 = 3.53), P=.0004 (Figure 1C). However, there was
no difference between the A/G ratio of the T2D + HTN
group (1.14+0.16) and the T2D group (1.19*0.17),
P=.2699 (Figure 1D). The assessment of the N/L ratio
showed significant difference (P=.0494) between the
T2D + HTN group (1.43 [1.13-1.94]) and the T2D (1.26
[1.03-1.51]) (Figure 1E). The SII of patients with
T2D + HTN (439.30 = 122.7) was significantly elevated in
comparison to those with T2D (377.50 = 110.20), P=.0298
(Figure 1F). The mean platelet volume/lymphocyte ratio
(P=.8363) and the CRP to albumin ratio (0.1930) were
comparable between the 2 groups.
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Figure 1. A comparison of inflammatory profiles between patients with type 2 diabetes (T2D) and those with T2D and hypertension comorbidity

(T2D + HTN). The levels of C-reactive protein (A), erythrocyte sedimentation rate (ESR) (B), serum globulins (C), neutrophil/lymphocyte ratio (E) and
systemic immune-inflammation index (F) were significantly higher in the T2D + HTN group when compared to the T2D group (P <.05). However, the
albumin/globulins ratios (D) were comparable between the 2 groups (P >.05). All results are expressed as mean = standard deviation except for the

neutrophil/lymphocyte ratio which is reported as median interquartile range.

Abbreviation: ns, non-significant.
****P <.0001. **P <.001. *P <.05.

Assessment of lipid profiles and cardiovascular risk

In order to assess the risk of atherogenesis, we measured lipid
profiles and determined the AIP of the included patients. The
levels of triglycerides were higher in the T2D + HTN group
(1.48 = 0.54) when compared to the T2D (1.21 + 0.37) group,
P=.0177 (Table 2). Similarly, low-density lipoprotein choles-
terol (LDL-c) levels were elevated in the T2D + HTN group
(3.13 £0.89) when compared to the T2D (2.64 £ 0.84) group,
P=.0189 (Table 2). However, total cholesterol, HDL-c levels
and the HDL-c/cholesterol ratio were comparable between the
2 groups (P>.05) (Table 2). Since atherosclerosis is the hall-
mark of many CVD events such as stroke, myocardial infarc-
tion, coronary artery disease, and peripheral artery disease, the
AIP of included patients was calculated.'® There were no dif-
ferences in the AIP scores between the 2 groups (P>.05), and
39% of the included patients had high risk AIP (Table 2).

Correlation and multivariable regression analysis of
inflammatory and CVD risk profiles in patients with T2D

We performed correlations to determine whether there are any
associations between age, duration of T2D, inflammatory

profiles and CVD risk. The duration of T2D was directly asso-
ciated with age (r=.321, P=.0068). The assessment of inflam-
matory profiles showed significant associations between CRP
and age (r=.24, P=.0477), CRP and RBC (r=-.4, P=.0455),
and SII and SBP (r=.33, P=.0056). As expected, there was a
direct association between CRP and ESR (r=.27, P=.0234),
SII and ESR (r=.28, P=.0176), globulins and ESR (r=.28,
P=.0199), NLR and SII (r=.65, P<<.0001), NLR and ESR
(r=.25,P=.0461). There was no association between lipograms
and inflammatory profiles (P>.05). We further assessed the
significant predictors of AIP using NLR, SII, CRP, SBP and
age in patients with T2D using multivariable regression analy-
ses. Only NLR was a significant predictor of AIP (§=.287, SE:
0.1, P=.0046) (Table 3).

Discussion

In this study, we explored routinely measured markers systemic
inflammation in T2D and HTN comorbidity, and their
association with atherogenicity. Our results show that HTN
and T2D comorbidity is associated with an exaggerated sys-
temic inflammatory state and cardiovascular risk. The NLR
is the only significant independent risk factor for elevated
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Table 2. Comparison of lipogram and cardiovascular risk in T2D versus those with T2D + HTN.

PARAMETER T2D (N=35)
Lipid profiles
Triglycerides (mmol/L) 1.21+0.37
Total cholesterol (mmol/L) 4.60+1.04
LDL-cholesterol (mmol/L) 264+0.84
HDL-cholesterol (mmol/L) 1.05+0.26
HDL/Cholesterol ratio 0.24 +0.07
Trig/HDL ratio 1.37 [0.95-2.14]
Cardiovascular risk
Atherogenic Index of plasma (Overall) 0.11+0.25
AIP low risk (<0.11) n (%) 16 (46%)
AIP intermediate risk (=0.11, <0.24) n (%) 4 (11%)
AIP high risk (>0.24) n (%) 15 (43%)

Abbreviations: HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol.

P-value <.05 was significant and is presented in bold.

Table 3. Multivariable linear regression analysis of predictors of atherogenic index of plasma in type 2 diabetes.

VARIABLE BETA
Neutrophil to Lymphocyte ratio .287
Systemic Immune-Inflammation Index -.001
C-reactive protein .007
Systolic Blood Pressure -.002
Age -.004

P-value <.05 was significant and is presented in bold.

cardiovascular risk in HTN and T2D comorbidity. Therefore,
the modulation of inflammation and atherogenic dyslipidae-
mia is crucial in the primary prevention of CVEs, especially in
patients at high risk.

Although all other indices were comparable in the assess-
ment of complete blood count, red cell counts were lower in in
the T2D + HTN group when compared to T2D group, albeit
within normal range. This may be attributed to exacerbated
inflammatory levels observed in the HTN comorbidity group
which are associated with anaemia of chronic disease as we
previously described.??° Patients with HTN and T2D comor-
bidity may need to be screened since they are at risk of develop-
ing overt anaemia. The NLR is a rapidly measurable biomarker
that consolidates differential counts into 1 inflammatory
variable that reliably stratifies patients into cardiovascular risk
categories.?! Patients with HTN and T2D comorbidity had
significantly elevated NLR, which was associated with poor
atherogenicity. The SII is another novel biomarker marker of
systemic inflammation that further combines the NLR with

T2D +HTN (N=35) P-VALUE

1.48+0.54 0177

4.64+0.76 .8629

3.13+0.89 -0189

1.04+0.26 9042

0.22+0.05 .2705

1.48[0.97-1.76] .9326

0.16+0.23 4113

13 (37%) 4667

10 (29%) 073

12 (34%) 4613
STANDARD ERROR P-VALUE
0.100 .0046
0.000 .0505
0.010 4470
0.002 .2350
0.003 1885

the platelet count.?? A recent systematic review and meta-anal-
ysis showed that elevated SII is associated with a broad range of
CVEs, including ischaemic stroke, myocardial infarction, and
arterial disease.?*> However, it remained to be elucidated whether
this is applicable to patients with T2D and HTN commodity.
Here, we report high SII in patients with T2D + HTN which
positively correlated with SBP, thus alluding to the findings of
the meta-analysis. Although the underlying mechanisms in the
pathogenesis of CVEs may be multifactorial, systemic inflam-
mation seems to play a central role in the development and pro-
gression of CVD in patients with T2D.>* This is further
supported by increased CRP levels, ESR and serum globulins in
the HTN comorbidity group when compared to the T2D. The
CRP to albumin ratio and the mean platelet volume/lympho-
cyte ratio have been well described as excellent inflammatory
predictors in patients with diabetic nephropathy.?>2¢ However,
in this study, the ratios were comparable between the 2 groups.
The efficacy of the ratios therefore, seems to be dependent on
the T2D-associated complication.
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CVEs are number one cause of death in patients with T2D,
thus it is important to stratify patients according to their car-
diovascular risk. A staggering two-thirds of patients with T2D
have HTN comorbidity.?” The elevated arterial blood pressure
in HTN contributes to the increased incidence of CVEs in
these patients.?® Upon activation of the renin-angiotensin-
aldosterone system (RAAS), there is initiation of several neuro-
hormonal responses that induce vasoconstriction, activation
of the endothelium and ultimately HT'N.?° In inflammatory
conditions, the activation of RAAS is exacerbated, and this
results in increased release of angiotensin II, a proatherogenic
hormone that promotes the secretion of proinflammatory
cytokines, adhesion molecules and reactive oxygen species.%3!
These factors induce vascular inflammation, such as endothe-
lial dysfunction and promote atherosclerosis.3? The infiltration
of activated T-cells and monocytes/macrophages in the athero-
sclerotic plaque promotes foam cell formation which with the
help of angiotensin II, fuels vascular LDL oxidation.3® The
latter plays a huge role in dyslipidaemia, a common feature in
T2D that is characterised by elevated TG and LDL-c coupled
with reduced levels of HDL-c.34 In this study, we report ele-
vated levels of the atherogenic LDL-c and triglycerides in
patients with the HTN comorbidity. Since this dyslipidaemia
is closely associated with obesity and CVEs in patients with
T2D,* we calculated and assessed the AIP. Although the val-
ues were comparable between the 2 groups, it is worth noting
that almost two-thirds of the patients with HTN comorbidity
had an intermediate to high AIP. This finding is important
since it is a surrogate marker of atherosclerosis, a hallmark of
many CVD events such as stroke, myocardial infarction, coro-
nary artery disease, and peripheral artery disease.3%37

The cross-sectional nature of this study was a limitation
since the design lack follow-up examinations of included
patients. As a result, causal effect between HTN and reported
outcomes could therefore not be established. A longitudinal
study will be required in stratifying the cardiovascular risk over
time. Other novel leucocyte and thrombocyte indexes reported
elsewhere’® may need to be analysed in patients with T2D and
HTN comorbidity. Nonetheless, in this study, we report on
systemic inflammation that is associated with cardiovascular
risk and NLR being a routinely measured reliable biomarker to
predict atherogenicity in T2D.

Conclusion

The coexistence of HTN in T2D is characterised by aggra-
vated systemic inflammation which is closely associated with
elevated atherogenicity. Although the underlying mechanisms
in the pathophysiology of CVD in these patients may be mul-
tifactorial, it is apparent that low-grade inflammation plays a
central role in the process. Therefore, understanding the role of
chronic inflammation is important in the designing of thera-
peutic strategies that aim to reducing the incidence of CVEs.
Most importantly, the NLR is a reliable independent predictor

of increased atherogenicity in patients with T2D. This finding
is extremely relevant, particularly in developing countries
where resources are scare, as the parameter can be derived from
routinely measured test.
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