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ARTICLE INFO ABSTRACT

Keywords:: Background: Chronic immune activation has been described in the development of cardiovascular diseases
Cardiovascular diseases (CVDs) and in the pathogenesis of type 2 diabetes mellitus (T2D). However, the precise functional role of T-cells
Inflammation remains controversial. We therefore, assessed T-cell activation and cardiovascular risk in T2D.

T-cell activation

Methods: The protocol was registered with PROSPERO [CRD42018099745]. We searched electronic databases
Type 2 diabetes mellitus

and grey literature for eligible studies. The risk of bias and quality of evidence were assessed and the random-
effects model was used in the meta-analysis.

Findings: Fifteen studies met the inclusion criteria. We report on increased T-cell activation in T2D and non-
diabetics with CVD. Comorbidity of T2D and CVD (T2D + CVD) exacerbated T-cell activation. In addition,
T2D + CVD comorbidity was associated with an increased CVD risk profile.

Conclusion: This meta-analysis suggests increased T-cell activation in T2D and nondiabetics with CVD.
Moreover, an increased cardiovascular risk in patients with T2D which is exacerbated in T2D and CVD co-

morbidity.

1. Background

The burden of non-communicable diseases (NCDs) has drastically
increased in both developing and developed countries [1]. This has led
to a significant reduction in life expectancy and an increased strain on
national healthcare budgets worldwide [2]. Globally, NCDs are the
leading cause of death and account for up to 70% of all-cause mortality
[1]. The global prevalence of type 2 diabetes mellitus (T2D), which is
one of the major contributing factors to NCDs has significantly in-
creased in the past three decades [3]. This has been attributed to se-
dentary lifestyle, rapid urbanisation and modernisation [3,4]. T2D is a
low-grade chronic inflammatory condition that is characterised by hy-
perglycaemia, insulin resistance and chronic T-cell activation [5,6].
These consequences are consistent with immune activation that may
lead to immune dysfunction and increased risk of cardiovascular dis-
eases (CVDs) [7,8]. The latter is known to be the leading cause of death
in individuals with diabetes [9], hence the need to wunravel

pathophysiological mechanisms such as the role of T-cell activation in a
hyperglycaemic state to better understand and prevent NCDs.

The role of activated T-cells in mediating inflammation and altering
myocardial function has been previously described. Whereby, activated
CD4* T-cells were shown to promote myocardial ischaemia-reperfusion
injury in mice [10]. Increased levels of pro-inflammatory T-helper (Th)
subsets have been implicated in the development of coronary athero-
sclerotic heart disease (CHD) [11,12], carotid atherosclerosis (CA) [13]
and coronary artery disease (CAD) [14] in individuals with T2D.
Moreover, a significant reduction in the number of regulatory T-cells
(Tregs) and Treg/Th1 ratios have been described in individuals with
T2D and CHD [11].

Currently, it is hypothesised that chronic hyperglycaemia dysregu-
lates T-cell function. However, the underlying mechanisms remain
controversial, with contradictory findings of both elevated [15] and
decreased [16] levels of T-cell activation reported in individuals with
obesity and T2D. Others have demonstrated reduced frequency of Tregs
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in T2D and thus loss of the natural regulatory mechanisms mediated by
T-cells [11,17]. This suggests that contradictory findings regarding T-
cell function in T2D exist, and it remains unclear whether they are
dysfunctional or highly activated in a disease state. Although numerous
studies reported on T-cell function in T2D [6,15,16], to date, available
evidence has not been systematically reviewed to better inform on both
T-cell activation and cardiovascular risk in T2D. Therefore, this sys-
tematic review was conducted to assess available literature on the im-
pact of T-cell activation in T2D and whether their activation state has
any association with the risk of developing CVD. Furthermore, we as-
sessed whether the degree of T-cell activation is unique to individuals
with both T2D and CVDs or independently associated with those
without T2D but presenting with CVDs.

2. Methods

This systematic review was prepared in accordance with the
Preferred Reporting Items for Systematic reviews and Meta-Analysis
(PRISMA) guidelines [18]. A detailed checklist for this systematic re-
view and meta-analysis is provided as PRISMA checklist (Supplemen-
tary file 1). The systematic review protocol was registered with the
international prospective register of a systematic review (PROSPERO),
registration number: CRD42018099745 and has been published [19].

2.1. Search strategy

A comprehensive search was conducted on the Cochrane Library,
Embase and PubMed electronic databases from inception up to 20
October 2019 as previously described [19]. Briefly, two independent
reviewers (TMN and VM) searched for relevant articles and a third
reviewer (BBN) was consulted in cases of disagreements. Two search
strategies were independently applied to identify relevant studies. The
primary search strategy was on T-cell activation in individuals with
T2D and CVDs (concept 1). Whilst the secondary search strategy was
used to retrieve studies reporting on T-cell activation in nondiabetics
with CVDs (concept 2). The search strategies were adapted to each
database using keywords and medical subjects heading (MeSH) terms
such as “Type 2 diabetes mellitus”, “hyperglycaemia”, “inflammation”,
“CVDs”, “T-cell activation and exhaustion” and their respective syno-
nyms and associated words/phrases. No language restrictions were
applied. The study selection process was independently carried out by
two reviewers (TMN and BBN). In cases of disagreements, PVD was
consulted for arbitration. We used the Mendeley reference manager
version 1.1.18 (Elsevier, Amsterdam, Netherlands) to identify and re-
move study duplicates.

2.2. Inclusion criteria

The systematic review and meta-analysis included studies reporting
on T-cell function in adults (> 18 years) with CVDs and T2D. We ex-
cluded animal studies since we wanted to focus on human subjects.
Other exclusions included books, letters, case reports, and reviews.
Furthermore, we excluded studies that included participants using
steatogenic medications or drugs that interfere with the immune system
and patients with a known history of haematological malignancy.

2.3. Data extraction and quality assessment

The data extraction, synthesis and quality assessment of included
studies were carried out as previously described [19]. Briefly, the ex-
tracted data items included; names of the authors, publication year,
study design, study size, age, gender, types of CVD and main findings of
each study. The risk of bias on the included studies was independently
assessed by two reviewers (TMN and VM) and a third reviewer (PVD),
was consulted in instances of disagreements using the modified Downs
and Black checklist, which is suitable for both randomised and non-
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randomised studies [20]. Furthermore, the quality of evidence across
the selected studies was assessed by two independent reviewers (TMN
and VM) using the Grading of Recommendations Assessment Develop-
ment and Evaluation (GRADE) approach [21].

2.4. Statistical analysis

The mean and standard deviation was extracted or calculated using
Hozo et al.'s method for each continuous effect measure. Pearson's chi-
squared test (Chi®) and Higgin's I statistics were used for the test for
statistical heterogeneity. A random-effects model was used to generate
pooled effect estimates when substantial heterogeneity existed
(P > 50%). Effect sizes were interpreted according to Cohen's d
method whereby a standardised mean difference of 0.2, 0.5 and 0.8 was
equated to small, medium and large, respectively [22]. Moreover, a p-
value < .05 was considered statistically significant and interrater re-
liability was assessed for both the included studies and risk of bias using
Cohen's kappa. A kappa value of < 0.00 was interpreted as a poor
strength of agreement, 0.00-0.20 as slight agreement, 0.21-0.40 as fair
agreement, 0.41-0.60 as moderate agreement, 0.61-0.80 as substantial
agreement and 0.81-1.00 as perfect agreement [23].

3. Results
3.1. Selected studies

A total of 151 studies were identified and screened for eligibility. A
total of fifteen studies (n = 15) met the inclusion criteria (Fig. 1). Of
these, 10 studies reported on T-cell activation in individuals with T2D
whilst the remaining 5 reported on T-cell function in nondiabetics with
CVD (overall agreement 91.53%, kappa = 0.75). The primary search
strategy identified a total 76 studies, of which 66 studies were excluded
due to no full-texts availability (n = 13) and presented no clear study
design (n = 9). The majority of the studies (n = 44) were excluded
because they were not relevant to the topic of interest. There were only
10 studies, published between 2011 and 2019, that met the inclusion
criteria and 9 of these were included in the quantitative analysis. On the
other hand, the secondary CVD search strategy (concept 2) retrieved 75
studies and a total of 62 studies were excluded because they were not
relevant to the topic of interest, 4 were reviews and the other 4 were
due to study design which contained no suitable controls [24,25].
Therefore, a total of 5 studies published between 2011 and 2014 ful-
filled the inclusion criteria on T-cell activation in CVD and were in-
cluded in this review. Of these studies, only 3 were included in the
quantitative analysis.

3.2. Study characteristics

All included studies were published in peer-reviewed journals and
characteristics of included participants are shown in Tables 1 and 2.
Briefly, this study comprised of a total of 2744 participants with a mean
age of 59.77 = 13.60 years and a male/female gender ratio of 3.5. The
included studies comprised of 6 prospective cohort studies [13,26-29]
and 9 cross-sectional studies [11,12,14,30-35]. In total, 1062 in-
dividuals had T2D, 321 were nondiabetics with CVD and 1361 were
healthy controls. In addition, 118 (11%) with T2D were on treatment
and 944 (89%) were not specified, while 543 (51%) had T2D and 519
(49%) had both T2D and CVDs (T2D + CVD). The CVDs were all
grouped into macrovascular complications and included a total of 840
individuals of which 304 had acute coronary syndrome (ACS)
[26,29,30,33,34], 48 had atherosclerotic macrovascular complication
(AS) [30], 30 had CA [13], 282 had CAD [14,31,34,35], 83 had CHD
[12] and 93 had unspecified CVDs [27,28,32].
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Fig. 1. Flow chart of study selection procedures.

3.3. Risk of bias assessment

The risk of bias for each study was assessed using the modified
Downs and Black checklist [20]. The median score range of included
studies was 12 (8-18) (Supplementary file 2). Seven of the studies were
scored as fair (13-17 points) [14,26-29,32] and the rest poor (< 13
points) [11-13,30,31,33-35]. All the studies had low risk of reporting
bias with a median of 6 (5-10) out of the possible score of 10 (overall
agreement 83.89%, kappa = 0.68). The studies also had a relatively
low risk of internal validity bias with a median of 3 (3-5) out of the
possible score of 7 (overall agreement 75.08%, kappa = 0.50). All
studies performed poor on the external validity (except 1 study) and
selection bias domains with each a median of 0 (0-3) out of the possible
score of 3 (overall agreement 77.04%, kappa = 0.74) and 1 (0-3) out of
the possible score of 6 (overall agreement 88.34%, kappa = 0.77),
respectively. The funnel plots showed perfect symmetry on included
studies (Fig. 1S).

3.4. Data synthesis of included studies

All included studies showed increased T-cell function in T2D,
whereby 8 studies reported increased T-cell activation in T2D when
compared to normoglycaemic controls [11,13,14,26,27,30-32]. Whilst
4 studies reported increased T-cell activation in nondiabetics with CVD
when compared to controls [26,29,33,35]. Moreover, 5 studies reported
increased pro-inflammatory T-helper subsets in individuals with
T2D + CVD compared to controls [11,13,28,31,32], while 1 study re-
ported on a reduced number of immunosuppressive Tregs [11]. Inter-
estingly, 2 studies reported on a reduced number of anti-inflammatory
T-helper subset and their cytokines [13,31] in both T2D and
T2D + CVD groups compared to the controls.

3.4.1. Reported glucose metabolic profiles

Of the 10 included studies, 6 reported on glucose metabolic profiles
between different groups [11,12,14,26,28,31]. Overall, the lowest
mean body mass index (BMI) was reported in the control group
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Table 2

Characteristics of included studies on T-cell activation in nondiabetics with CVD (n = 5).

Main findings

Reported measures of immune
activation/t-cell activation

Risk of
bias

Age (years)

Male, n (%)

Study size

Country Study design

Study

Individuals with CAD had increased percentage expression of

%CD4 ", %CD4 " CD28~
expression and hs-CRP

Poor

+ 9.49

59.75

118 (84.3%)

140 participants. (73 CAD

and 67 controls)

Cross

Japan

Emoto et al. (2014)!°>

CD4"CD428~ T-cells but decreased Tregs as well as Treg/non-Treg CD4*
T-cells ratio when compared to controls. Moreover, CAD patients had

increased hs-CRP levels compared to controls.

sectional

Individuals with ACS had increased frequency of CD4*CD28~ T-cells

%CD4 ", %CD4*CD28~
expression and hs-CRP

10.98  Fair

=+

Cohort study 70 participants. (35 ACS and 47 (67.1%) 63.5

Italy

Flego et al. (2014)'*°!

compared to controls. Moreover, the inhibitory effect of CD31 on TCR

35controls)

signalling of CD4" and CD4 *CD28~ T cells was reduced in ACS patients

compared to controls.

There was no difference in the frequency of CD4* CD28~ T-cells between

all groups. However, CD4*CD28~ T-cells were the main source of pro-

inflammatory cytokines in CAD.

%CD4*CD28~ expression, IFN-y,

TNF-a and CRP

Poor

+ 8.82

60.88

47 (71.2%)

66 participants. (20 ACS, 30

CAD and 16 controls)

Cross

Brazil

Teo et al. (2013)1°4

sectional

The frequency of CD4*CD28~ T-cells was higher in ACS compared to

%CD4"CD28~ expression, IFN-y,

and TNF-a

13.33 Poor

+

61.98

78 participants. (48 ACS and 50 (64.1%)

England Cross
30 controls)

Dumitriu et al.

controls. In addition, the CD4*CD28~ T-cells expressed higher levels of

sectional

(2012)1%

the alternative co-stimulatory receptors (OX40 and 4-1BB) when compared

to classical CD4*CD28™" T-cells.

ACS patients had increased prevalence of CD4*CD28 ™ T-cells when

compared to controls.

%CD4 ™", %CD4*CD28~
expression and hs-CRP

Fair

136 (77.7%) 60.97 = 9.45

Cohort study 175 participants. (115 ACS
and 60 controls)

Italy

Giubilato et al.

(2011)1%

Abbreviations: ACS - acute coronary syndrome; CAD - coronary artery disease; hs-CRP - highly sensitive C-reactive Protein; INF-y — Interferon gamma; Th — T helper; TNF-a — Tumour necrosis factor-alpha; Treg —

regulatory T-cells.
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(24.05 + 3.32) when compared to both T2D (26.60 * 4.02) and
T2D + CVD (25.93 * 3.35) groups. A meta-analysis between the T2D
and the control group showed significant heterogeneity between in-
cluded studies (Chi? = 12.31, I = 76%, P = .06). The included studies
reported on significantly higher BMI in individuals with T2D when
compared to the control group ([MD = 2.25, 95% CI (1.41; 3.09),
p < .00001]) (Fig. 2S). Relevant to HbAlc level, which is a measure of
metabolic state of diabetes for the last three months, only 4 studies
reported on increased HbAlc levels in the T2D compared to the control
group ([MD = 2.06, 95% CI (1.42; 2.70),p < .00001]) [11,14,28,31].
However, there were significant levels of unexplained statistical het-
erogeneity amongst these 4 studies (Chi> = 113.25, 1> = 97%,
p < .00001) (Fig. 3S).

3.4.2. Reported effect measure of T-cell activation

Increased expression of the rare pro-atherogenic CD4*CD28~ T-
cells was reported by 2 studies and was shown to be higher in T2D
compared to controls, with a mean percentage of 7.85 * 0.88 and
1.82 *+ 0.45, respectively [26,30]. The pooled effect estimates showed
a large effect size in percentage expression of CD4*CD28~ T-cells in
individuals with T2D when compared to healthy controls ([MD = 4.02,
95% CI (—0.62; 8.65), p = .09) (Fig. 2A). Moreover, T2D and CVD
comorbidity was significantly associated with increased circulating
CD4"CD28~ T-cells, as the mean increased to 21.34 + 12.47 com-
pared to the T2D group ([MD = 11.44, 95% CI (8.27; 14.62),
p < .00001]). However, substantial level of heterogeneity was present
in these studies (Chi? = 2.03 and I = 51%,p < .00001) (Fig. 2B). On
the other hand, there was increased level of CD4"CD28~ T-cells in
nondiabetic with CVD when compared to controls. ((MD = 2.16, 95%
CI (0.23; 4.08), p = .03], Chi® = 48.85 and I = 96%, p < .00001)
(Fig. 2C). Interestingly, although this pooled estimate also revealed
significant difference between the nondiabetics with CVD and control
group, the overall mean difference (Z = 2.02) was of small effect size
(0.2) when compared to that of T2D (Z = 7.06), medium effect size
(0.7).

3.4.3. Reported effect measures of cardiovascular risks

3.4.3.1. Overall pooled estimates for cardiovascular risk. Pooled standard
mean differences showed reduced CVD risk in controls compared to
individuals with T2D ([SMD = —0.34, 95% CI (—0.78; 0.10),p = .13],
Chi® = 466.36, I> = 96%, p < .00001) (Fig. 3). Notably, one of the
included studies "1 showed significantly different study-level outcome
in CVD risk profile. When the data from this study were omitted, there
was a small effect size between T2D group and healthy controls
([SMD = 0.03, 95% CI (—0.30; 0.35), p = .87], Chi* = 191.96,
2 = 92%, p < .00001). Moreover, pooled estimates showed an
insignificant increased odds risk of CVD in individuals with T2D when
compared to controls ([OR = 0.94, 95% CI (0.45; 1.97), p = .871,
Chi? = 22.47,12 = 78%, p = .0004) (Fig. 5A). As expected, odds risk of
CVD was higher in nondiabetics with CVD group when compared to
controls ([OR = 2.33, 95% CI (1.75; 3.09), p < .00001)],
Chi? = 43.01, I> = 88%, p < .00001 (Fig. 5B). However, due to
substantial level of statistical heterogeneity in these pooled estimates in
Figs. 3 and 4, a subgroup analysis based on the reported effect measure
of cardiovascular risk was conducted.

3.4.3.2. Body mass index. Overall, data from the included 5 studies
showed a lower BMI mean in T2D + CVD group (25.93 * 3.35) when
compared to the T2D group (26.60 * 4.02) [11,12,14,28,31].

3.4.3.3. Total cholesterol. Five of the included studies [11,13,14,26,31]
reported no significant difference in total cholesterol levels between the
T2D group and controls ([SMD = 0.07, 95% CI (—0.74; 0.88),
p = .871) (Fig. 3). However, there was substantial level of statistical
heterogeneity in these studies (Chi*> = 69.28 and > = 94%,
p < .00001). In addition, there was no difference in total cholesterol
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A) T2D Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Giubilato 2011 3.1 5453 60 15 225 B0 48.9% 1.60[0.08, 3.11] Hl-
Shi 2013 847 18 42 214 058 48 511% 6.33[5.76, 6.90] |
Total (95% CI) 102 108 100.0%  4.02 [-0.62, 8.65] e
Heterogeneity: Tau®=10.85, Chi®= 32.99, df=1 (P < 0.00001); F=97% _éu _1?0 5 1=EI 210
Test for overall effect. Z=1.70 (P = 0.09) Favours Control Favours T2D
B) T2D+CVD T2D Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Giubilato 2011 127 11.88 a1 31 543 60 436% 9.60[6.03,13.17] =
Shi 2013 21.34 1247 B3 847 18 42 564% 12.87[10.13,15.61] . 5
Total (95% CI) 134 102 100.0% 11.44[8.27,14.62] o
Heterogeneity: Tau®= 2.71; Chi*= 2.03, df=1 (P = 0.15); F=51% _250 _1‘0 7 150 210
Test for overall effect: Z=7.06 (P < 0.00001) Favours T20 Favours T2D+CVD
C) CvVD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Flego 2014 64 1.1 35 301 05 35 349% 3.39[2.99,3.79) |
Giubilato 2011 39 58 115 15 2.25 60 31.1% 2.401[1.20, 3.60] —
Teo 2013 1.46 1.69 45 078 077 13 34.0% 0.68[0.03,1.33] i
Total (95% CI) 195 108 100.0% 2.16 [0.23, 4.08] i
Heterogeneity: Tau®= 2.72; Chi*= 48.85, df= 2 (P < 0.00001); F= 96% t

Testfor overall effect Z=2.20 (P =003}

A0 5 0 & 10
Favours Control Favours CVD

Fig. 2. T-cell activation measured by the expression of CD4*CD28~ T-cells in (A) T2D compared to controls; (B) in individuals with T2D + CVD compared to T2D;

(C) in nondiabetics with CVD compared to controls.

levels in T2D and T2D + CVD groups ([SMD = —0.03, 95% CI (—1.01;
0.96), p = .96], Chi® = 84.16, I> = 95%, p < .00001) (Fig. 4).
Similarly, there was no significant difference in total cholesterol levels
between nondiabetics with CVD and healthy controls ([SMD = —0.17,
95% CI (—0.50; 0.15), p = .30], Chi* = 3.36, I*> = 41%, p = .19)
(Fig. 4S).

3.4.3.4. High-density lipoprotein. Pooled estimates from 6 studies
[11,13,14,26,28,31] revealed decreased high-density lipoprotein
(HDL) levels in individuals with T2D when compared to controls
([SMD = -0.86, 95% CI (—1.65; —0.07), p = .03]). However,
there were substantial levels of statistical heterogeneity in these
studies (Chi® = 94.68 and I> = 95%, p < .00001) (Fig. 3). Data
from 7 included studies [11-14,26,28,31] showed a large effect size
difference in HDL levels between the T2D (1.22 =+ 0.45) and
T2D + CVD (1.25 =+ 0.51) groups ([SMD = -0.90, 95% CI
(—1.82; 0.03), p = .06] Chi® = 141.85, I> = 96%, p < .00001)
(Fig. 4). In addition, there was a medium effect size difference in HDL
levels of nondiabetics with CVD and control group ([SMD = —0.53,
95% CI (—1.14; 0.07), p = .08] Chi® = 25.77,1% = 88%,p < .00001)
(Fig. 4S).

3.4.3.5. Low-density lipoprotein. A total of 6 studies reported on
decreased levels of low-density lipoprotein (LDL) in T2D when
compared to the control group ([SMD = -1.18, 95% CI (—2.06;
—0.30), p = .009]). The included studies showed substantial levels of
statistical heterogeneity (Chi* = 117.32 and I> = 96%, p < .00001)
(Fig. 3). Notably, T2D + CVD group was significantly associated with
increased LDL levels compared to T2D group ([SMD = 0.90, 95% CI
(0.30; 1.50), p = .0003] Chi* = 51.44, I> = 90%, p < .00001)
(Fig. 4). On the other hand, there was no significant difference in LDL
levels between nondiabetics with CVD and control group
([SMD = -0.20, 95% CI (—-0.56; 0.17), p = .29] Chi* = 9.65,
12 = 69%, p = .02) (Fig. 4S).

3.4.3.6. C-reactive protein levels. A total of 621 participants from 6

studies were included in this analysis [12,26,27,29,34,35] and the
results revealed that individuals with T2D + CVD had higher CRP
mean levels (12.38 * 17.22) when compared to both nondiabetics
with CVD (5.75 = 16.30) and controls (1.15 * 1.14). Notably,
pooled estimates showed a significant increase in CRP levels of
nondiabetics with CVD when compared to controls ([SMD = 0.35,
95% CI (0.15; 0.54), p = .0005] Chi® = 1.45, I> = 0%, p = .69)
(Fig. 4S).

3.4.3.7. Hypertension. Three studies reported an increased prevalence
of hypertension in individuals with T2D + CVD (mean ratio 0.75),
compared to T2D (mean ratio 0.63) and healthy controls (mean ratio
0.55) [14,26,28]. Individuals with T2D showed no association with the
prevalence of hypertension when compared to the control group
([OR = 1.34, 95% CI (0.90; 1.99), p = .15]). There was no
heterogeneity in the included studies (Chi® = 1.62 and I = 0%,
p = .45) (Fig. 5A). Hypertension was associated with the presence of
known CVD and T2D (OR = 1.90, 95% CI (1.24; 2.91), p = .003],
Chi® = 2.09 and 1> = 4%, p = .35) (Fig. 5S). As expected, the
prevalence of hypertension was associated with known cases of CVD
when compared to controls (OR = 2.74, 95% CI (1.87; 4.02),
p < .00001], Chi* = 44.34 and I = 95%, p < .00001) (Fig. 5B).

3.4.3.8. Smoking. Three studies reported on smoking as a risk factor for
CVDs [13,14,26]. There was no association between smoking in T2D
and controls ([OR = 0.60, 95% CI (0.16; 2.31), p = .46]) (Fig. 5A).
However, a substantial level of heterogeneity was present in these
studies (Chi® = 8.87 and I> = 77%, p = .01). Similarly, there was no
association between smoking in T2D and T2D + CVD groups
([OR = 1.91, 95% CI (0.57; 6.42), p = .30], Chi® = 9.83 and
I? = 80%, p = .007) (Fig. 5S). Whereas smoking was associated with
CVDs in nondiabetics when compared to controls (OR = 1.90, 95% CI
(1.24; 2.91), p = .003], Chi® = 1.49 and I = 0%, p = .47) (Fig. 5B).
The main findings of this meta-analysis are presented in the summary of
findings table (Table 3).
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Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% Cl

Body Mass Index

Gong 2016 2418 2.44 TH 2267 072 128 51%
Madhumitha 2014 285 B3I 60 2319 48 61 5.0%
Mahmoud 2013 299 087 24 274 37 30 48%
Rattik 2019 297 1.35 55 26.9 095 44 48%
Subtotal (95% CI) 215 260 19.7%

Heterogeneity: Tau®= 0.47; Chi*= 34.61, df=3 (P = 0.00001); F=91%
Test for overall effect: Z= 3.16 (P = 0.002)

Total cholesterol

Giubilato 2011 468 1.16 60 559 1.06 60 5.0%
Gong 2016 4.49 1.09 76 45 044 125  51%
Madhumitha 2014 443 1.19 60 451 088 61 5.0%
Mahmoud 2013 49 017 24 421 034 30 45%
Wang 2016 217 075 200 299 049 10 4.4%
Subtotal (95% CI) 240 286 24.0%

Heterogeneity: Tau®= 0.77, Chi*= 69.28, df= 4 (P = 0.00001); F= 94%
Test for overall effect Z= 016 (P =0.87)

High-density lipoprotein

Giubilato 2011 116 0.29 60 111 018 60 5.0%
Gong 2016 1.12 037 76 1.26 032 129 51%
Madhumitha 2014 1.03 0.24 60 111 02 60 5.0%
Mahmoud 2013 1.08 0.06 24 1.5 0.05 a0 3%
Rattik 2019 1.4 01 85 1.4 018 44 50%
Wang 2016 233 078 20 205 042 10 445%
Subtotal (95% CI) 295 329 27.6%

Heterogeneity: Tau®= 0.85; Chi*= 94 68, df=45 (P = 0.00001); F=95%
Test for averall effect: Z=2.14 (P=0.03)

Low-density lipoprotein

Giuhilato 2011 292 098 B0 341 078 60 5.0%
Gong 2016 243 0493 TE 256 078 128 51%
Madhumitha 2014 2585 098 60 279 0.74 60 5.0%
Mahmoud 2013 19 015 24 207 03 30 48%
Rattik 2019 23 028 54 36 03 44 45%
Wang 2016 1.4 036 20 211 084 10 4.4%
Subtotal (95% CI) 295 329 28.7%

Heterogeneity: Tau*=1.14, Chi*=117.32, df= 5 (P = 0.00001), F= 96%
Test for overall effect: 2= 2.62 (P = 0.009)

Total (95% CI) 1045 1204 100.0%
Heterageneity: Tau®= 0.98; Chi*= 466.36, df= 20 (P < 0.00001); F= 96%
Test for overall effiect Z=1.52 (P = 0.13)

Testfor subgroup differences: Chi*= 21.27, df= 3 (P = 0.0001), F= 85.9%
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Fig. 3. Pooled estimates of cardiovascular risk in T2D compared to controls.

3.5. A narrative synthesis of included studies

3.5.1. Expression of Th subsets

Four of the included studies reported differences in Th subsets be-
tween T2D and control groups [11-13,32]. Of these, 1 study demon-
strated no significant differences in the Th subsets between the T2D
group and the control [32]. However, 2 reported increased expression
of pro-inflammatory Th1l in T2D + CVD group when compared to T2D
[12,13]. In addition, 2 studies revealed an upregulated expression of
Th17 in individuals with T2D when compared to controls [11,13].
Moreover, 3 of these studies associated the presence of CVD in T2D with
a further increase in Th17 expression [11-13].

One study reported a decreased expression of anti-inflammatory
Th2 subset in T2D when compared to the control group [13]. The
presence of a CVD in T2D further decreased the expression of Th2 [13].
The same study reported a similar pattern with Tregs whereby their
expression was decreased in T2D when compared to controls. Fur-
thermore, the presence of a CVD in T2D was associated with a further
decrease in Tregs expression [13]. On the other hand, increased fre-
quency of CD4*CD28~ T-cells was reported in individuals with CVD
compared to controls in 4 of the included studies [26,29,33,35].
However, 1 study reported no difference in the expression of
CD4*CD28~ T-cells between the CVD and control groups [34]. A meta-

analysis could not be performed on T-cell subsets due to lack of data for
statistical analysis.

3.5.2. Pro-inflammatory cytokines

Increased circulating pro-inflammatory cytokines in T2D were re-
ported in 5 of the 9 included studies [11,13,14,30,31]. Of these studies,
4 reported on increased interferon gamma (INF-Y) levels in T2D when
compared to controls [13,14,30,31]. Interferon-gamma (INF-Y) is a pro-
inflammatory signature cytokine for Thl [36]. Furthermore, these
studies associated the presence of CVD in T2D with a further increase in
INF-" levels. Although 3 studies reported on differences in interleukin
(IL)-17 (a signature cytokine for Th17), only 2 reported increased ex-
pression of IL-17 in T2D when compared to controls [11,14]. The other
study showed decreased IL-17 in T2D when compared to controls [13].
Nevertheless, all studies associated the presence of CVD in T2D with
increased IL-17 levels when compared to both controls and T2D groups
[11,13,14]. Two of the included studies reporting on T-cell activation in
CVD, showed increased secretion of pro-inflammatory IFN-y and TNF-a
cytokines in individuals with CVD compared to controls [33,34]. A
meta-analysis could not be performed on pro-inflammatory cytokines
due to lack of data for statistical analysis hence these effect measures
are reported narratively.
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Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

Body Mass Index

Gong 2016 2462 114 158 2418 244 T 40%
Madhuritha 2014 232 4 21 355 52 B0 3.8%
Mahmoud 2013 30.44 1.4 16 299 087 24 3E6%
Rattik 20149 295 1.23 54 297 1.35 55 39%
Zhao 2014 2594 472 67 25 473 42 39%
Subtotal (95% CI) 316 257 19.1%
Heterogeneity: Tau®= 0.06; Chi*= 946, df=4 (P = 0.05); F= 58%
Testfor overall effect Z=0.43 (P = 0.67)

Total cholesterol

Giubilato 2011 504 142 51 468 1.16 B0 3.9%
Gong 2016 463 1.32 158 449 1.08 TE  40%
Madhurmitha 2014 471 082 21 448 118 B0 3.8%
Mahmoud 2013 429 017 16 49 017 24 30%
Wang 2016 421 088 30 217 075 200 34%
Subtotal (95% CI) 276 240 181%

Heterogeneity: Tau®=1.16; Chi*= 8416, df= 4 (P = 0.00001); F= 95%
Test for overall effect: Z=0.05 (P = 0.96)

High-density lipoprotein

Giubilato 2011 1.08 026 51 116 029 60 3.9%
Gong 2016 1.28 0.3 21 112 037 76 3.8%
Madhumitha 2014 1.08 0.3 21 103 024 60 3.8%
Mahrnoud 2013 083 007 16 1.08 006 24 3.0%
Rattik 2019 1.1 0.1 54 1.4 01 55  37%
Wang 2016 232 0.7 30 233 078 20 3.7%
Zhao 2014 114 024 67 1.22 028 42 39%
Subtotal (95% CI) 260 337 25.7%

Heterogeneity: Tau®= 1.47, Chi®= 141.85, df= 6 (P = 0.00001}); = 96%
Test for overall effect: Z=1.90 (F = 0.06)

Low-density lipoprotein

Giubilato 2011 323 1186 51 292 098 60 3.9%
Gong 2016 391 357 158 243 043 TE 4.0%
Madhurmitha 2014 291 086 21 2485 098 60 3.8%
Mahmoud 2013 269 027 16 19 015 24 3.0%
Rattik 2019 22 0.z 54 23 028 55 3.9%
Wang 2016 262 078 ao 1.4 036 20 3.48%
Zhao 2014 335 0892 67 259 0.71 42 3.9%
Subtotal (95% CI) 397 337 25.9%

Heterogeneity: Tau®= 0.58; Chi*= 77.67, df=6 (P = 0.00001); F=92%
Test for overall effect: Z=2.93 (P = 0.003)

CRP

Eldor 2015 2049 4 52 99 05 23 3.5%
Giubilato 2011 126 2873 51 34 4 60 3.9%
Zhao 2014 561 421 67 227 234 42 3.9%
Subtotal (95% CI) 170 125 11.2%

Heterogeneity: Tau®=1.22; Chi®= 4425 df= 2 (P = 0.00001); F= 95%
Testfor overall effect Z=2.29 (P =0.02)

Total (95% CI) 1419 1296 100.0%
Heterogeneity: Tau®= 0.83; Chi*= 46287, df= 26 (P = 0.00001); = 94%
Testfor overall effect: Z=1.08 (P = 0.28)

Testfor subgroup differences: Chi*= 1564, df=4 (P=0.004), F=74.4%
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Fig. 4. Pooled estimates of cardiovascular risk in T2D compared T2D + CVD.

3.5.3. Anti-inflammatory cytokines

Two studies reported on Th, anti-inflammatory cytokines [13,31].
Increased levels of IL-4 were demonstrated in T2D compared to healthy
controls, while Wang et al showed no significant difference between the
2 groups [13,31]. However, in 1 study, the presence of a CVD in T2D
further decreased IL-4 levels when compared to both T2D and the
control group [31]. No meta-analysis could be performed due to lack of
data for statistical analysis.

4. Discussion

This systematic review aimed at assessing available literature de-
scribing the role of T-cell activation and other markers of inflammation
in the development of CVDs in T2D. Majority of included studies

showed increased T-cell activation in individuals with T2D when
compared to the control group. Furthermore, synthesised data sug-
gested that individuals with T2D are at higher risk of developing CVD
albeit the data was from observational studies. It was also clear that
none of the included studies measured T-cell exhaustion. Moreover, T-
cell activation is increased in nondiabetics with CVD when compared to
controls. Therefore, these findings suggest that increased T-cell acti-
vation is not unique to T2D but the degree of activation is exacerbated
by the presence of T2D.

Increased Th; and Th;, subsets and loss of Tregs cells have been
implicated in the pathogenesis of inflammatory disease [37-40]. Our
synthesised data provides a comprehensive increased level of pro-in-
flammatory Th subsets in T2D, thus implicating increased inflammation
and T-cell activation in the development of CVDs. Moreover, elevated
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Odds Ratio

Study or Subgroup  Events Total

Weight M-H, Random, 95% CI

M-H, Random, 95% CI

Hypertension

Giuhilato 2011 41 60 36 60 18.6% 1.44 [0.68, 3.09] T
Gong 2016 40 TE 64 125 203% 1.06 [0.60, 1.87) ——
Rattik 2019 40 a5 25 44 17.8% 2.03[0.87,4.70] T
Subtotal (95% CI) 191 229 56.7% 1.34 [0.90, 1.99] &
Total events 121 125

Heterogeneity: Tau®=0.00; Chi*=1.62, df= 2 (P=045), F=0%
Testfor averall effect Z=1.43{P=0.1%9)

Smoking

Giubilato 2011 10 B0 29 B0 17.7% 0.21[0.08, 0.50] I

Gong 2016 q 20 1 10 7.3% T.36[0.78, 69.58] T

Wang 2016 10 A8 34110 18.2% 0.47[0.21,1.03] ]

Subtotal (95% CI) 138 180 43.3% 0.60 [0.16, 2.31] e

Total events 29 64

Heterogeneity: Tau®=1.01; Chi*=8.87, df= 2 (P=0.01), F=77%

Test for overall effect: Z=0.74 (P = 0.46)

Total (95% Cl) 329 409 100.0% 0.94 [0.45, 1.97] -

Total events 150 189

Heterogeneity: Tau?= 0.61; Chi*= 22.47, df= 5 (P = 0.0004); F= 78% f f ; f
Testfor overall effect Z=016 (P=0.87) 0.002 Favgﬁ1rs 20 Favou:sucontrol 500
Test for subgroup differences: Chi®=1.25,df=1 (P=0.26), F=19.7%

B) CvD Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Hypertension

Emoto 2014 64 73 1 67 0.2% 46933 [57.80, 3811.26] —_—
Flego 2014 21 34 20 35 12.9% 1.13[0.43, 2.91] -

Giubilato 2011 59 114 36 B0 37.2% 0.70[0.37,1.32] —

Subtotal (95% CI) 223 162 50.3% 2.74[1.87,4.02] &

Total events 144 a7

Heterogeneity: Chi®= 44 34, df= 2 (P = 0.00001); F= 95%

Test for averall effect: Z=518 (P = 0.00001)

Smoking

Emoto 2014 a7 73 38 67  14.0% 2.72[1.30,5.67] —

Flego 2014 23 34 18 35 10.0% 1.81[0.69, 4.74] T

Giubilato 2011 67 114 24 B0 25.7% 1.49[0.80, 2.79] T

Subtotal (95% CI) 223 162 49.7% 1.90 [1.24, 2.91] L 2

Total events 147 a5

Heterogeneity: Chi*=1.498 df=2(P=047), F=0%

Test for averall effect: £= 2.96 (P = 0.003)

Total (95% Cl) 446 324 100.0% 2.33[1.75, 3.09] ¢

Total events 291 142
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Test for averall effect: £2=5.85 (P = 0.00001)

Test for subgroup differences: Chi*=1.58,df=1 (P=0.21), F= 36.6%

Favours control Favours CVD

Fig. 5. The prevalence of cardiovascular risk factors in (A) T2D compared to healthy controls and in (B) nondiabetics with CVD compared to healthy controls.

pro-inflammatory cytokines and CRP levels reported in individuals with
T2D further implicate chronic inflammation as a link between T2D and
increased risk of developing CVD.

Tregs have been reported to have a protective role against the de-
velopment of CVDs. In that context, low levels of circulating Tregs and
Th, have been associated with increased risk of acute coronary events
[41,42]. Data synthesised in this review showed lower levels of Th,
anti-inflammatory cytokines and a reduction in the number of Tregs in
individuals with T2D compared to controls. Therefore, exacerbated
inflammation with T-cell activation and decreased T-cell im-
munosuppressive potential may be associated with the development of
CVDs in T2D.

The CD4*CD28~ T-cells are a long-lived Th; subset that has both
proatherogenic and plaque-destabilising properties [33]. However,
unlike conventional Th; cells, these T-cells also express cytotoxic mo-
lecules (perforin and granzyme B) and are rarely found in healthy in-
dividuals [43]. Nonetheless, this subset has been implicated in the
pathogenesis of various inflammatory disorders [33,44]. In chronic
inflammation, the CD4*CD28* T-cells lose the expression of CD28, a
co-stimulatory marker and therefore making them insensitive to both
suppression and apoptotic responses [44]. In addition, CD4*CD28~ T-
cells release an abundant amount of pro-inflammatory cytokines and
cytotoxic mediators which are responsible for tissue damage in the
pathogenesis of inflammatory disorders such as CVD [33,43]. Data
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helper subsets and cytokines, including enhanced expression of T-cell
negative co-stimulatory molecules. Therefore, a possible approach to
reduce the risk of developing CVD in T2D is by modulating T-cell ac-
tivation, which could be effective in alleviating immune suppression or
inflammation. Furthermore, the use of interventions that target and
alter CD4™ T-cell subpopulations in T2D could be beneficial in reducing
the risk of developing CVD.
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