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Abstract

Background: Monocyte-mediated inflammation increases the risk of developing type 2 diabetes mellitus and cardio-
vascular disease. This is the first systematic review and meta-analysis of studies reporting on monocyte-mediated
inflammation in type 2 diabetes mellitus.

Methods: This systematic review and meta-analysis was registered in the international prospective register of a sys-
tematic review: CRD42019132902. The MEDLINE, EMBASE and Google scholar electronic databases were searched,
and a random-effects model was used to generate pooled standardised mean differences between patients with type 2
diabetes mellitus and healthy controls.

Results: The clinical studies (n=20) comprised of 1065 patients with type 2 diabetes mellitus and 1103 healthy
controls. Notably, the levels of monocyte activation were higher in patients with type 2 diabetes mellitus compared
to healthy controls (standardised mean difference =0.47, 95% confidence interval (0.10, 0.84), p=0.01) (*=65.72,
I*=83%, p < 0.00001). Patients with type 2 diabetes mellitus had an increased risk of cardiovascular disease compared
to healthy controls (standardised mean difference =0.37, 95% confidence interval (0.13, 0.61), p=0.003) (> =958.77,
[*=95%, p <0.00001). All included pre-clinical studies reported on the C57BL/6 mice strain, with a majority of the
studies 57% of reporting on high fat diet-induced C57BL/6 mice model. The overall quality of the studies was good with
a median score and range of 16 (13-19).

Conclusion: Our meta-analysis suggests that there is increased monocyte activation in patients with type 2 diabetes
mellitus.
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with T2DM."*® This has been characterised by the
elevated release of pro-inflammatory cytokines such
as tumour necrosis factor (TNF)-a, interleukin (IL)-6
and IL-1B.”®* In addition, these cytokines have been
reported to directly interfere with insulin signal trans-
duction leading to the development of insulin resistance
in T2DM.">?"'° Moreover, the persistent dysregulation
of the immune system in T2DM has been implicated in
the development of inflammation-associated complica-
tions such as cardiovascular disease (CVD).>">-11"14 Ag
a consequence, individuals with T2DM are at a four-
fold increased risk of developing CVD when compared
to normoglycaemic individuals.”!*!

Recent studies have described the involvement of
T-cells, innate lymphoid cells, macrophages and natu-
ral killer T-cells in the pathogenesis of T2DM and its
associated complications such as CVD.>*>10:16
However, the exact role that monocytes play in
T2DM is poorly understood. Activated monocytes
are known to secrete pro-inflammatory cytokines
such as TNF-a and IL-6, which activate other leuco-
cytes and exacerbate inflammation.*'>172° Several
studies have reported on increased monocyte activation
in patients living with T2DM when compared to
healthy controls.*!'>!®1° In contrast, others have
reported no significant differences in monocytes levels
between T2DM and control groups.®!" The exact role
of monocytes in the pathogenesis of T2DM remains
elusive. We therefore conducted a systematic review
and meta-analysis of available clinical and pre-clinical
studies, to assess monocyte function in patients with
T2DM as well as their cardiovascular risk profiles.

Methods

This systematic review and meta-analysis was prepared
following the Preferred Reporting Items for Systematic
Review and Meta-Analysis 2009 guidelines.>' The pro-
tocol was registered with the International Prospective
Register of a Systematic Review, registration number:
CRD42019132902.

Search strategy

A comprehensive search was conducted on MEDLINE
and EMBASE databases as well as grey literature from
inception until 8 August 2019 by two independent
reviewers (KM and BBN). In case of disagreements, a
third reviewer (PVD) was consulted for arbitration.
The search strategy syntax was adapted for each elec-
tronic database using Medical Subject-Heading terms
such as ‘myeloid cell’, ‘inflammation’, ‘type 2 diabetes
mellitus’, ‘monocytes’, ‘insulin resistance’ and ‘hyper-
glycaemia’ and their respective synonyms and associat-
ed words/phrases. The detailed search strategy is

provided in Supplementary File 2. No language restric-
tions were applied in the search strategy.

Inclusion and exclusion criteria

This systematic review and meta-analysis included
human studies reporting on monocyte function in
T2DM. In addition, the qualitative synthesis of this
review also included animal studies reporting on mono-
cyte function in animal models of T2DM. However,
reviews, editorials, books and letters were excluded.
Moreover, studies without a suitable comparator
group were excluded.

Data items and extraction

A predefined data extraction sheet was used by two
independent investigators (KM and BBN) to extract
data items which included names of the authors, year
of publication, experimental models used, study size
and main findings of each study. In addition, the
Mendeley Reference Manager version (1.19.4) software
(Elsevier, Amsterdam, the Netherlands) was used to
manage extracted information including identifying
and removal of study duplicates.

Quality assessment and risk of bias

Two independent reviewers (KM and SHY) assessed
the quality and risk of bias of included studies. In
cases of disagreements, BBN was consulted for arbitra-
tion. The modified Downs and Black checklist was
used for human studies.’’ In addition, the Joanna
Briggs Institute (JBI) checklist and Animal Research
Reporting of In Vivo Experiments (ARRIVE) guide-
lines were used for animal studies.?

Data analysis

Data analysis was performed using the Review
Manager (RevMan) version 5.3. The chi-squared (3°)
test and Higgin’s /> statistics were used to test for sta-
tistical heterogeneity. A random-effects model was
used to generate pooled effect estimates in cases
where substantial heterogeneity existed (7> 50%).
The standardised mean difference (SMD) and 95%
confidence interval (CI) of various effect measures
reporting on the same outcome were pooled and
reported. Funnel plots were used to assess the publica-
tion bias of the included studies. Moreover, inter-rater
reliability was assessed using Cohen’s Kappa (k) and a
score of <0 was considered poor, 0.01-0.20 as slight,
0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as
substantial and 0.81-1.00 as perfect. A p value of less
than 0.05 was considered statistically significant.



Mokgalaboni et al.

Results

Selected studies

A total of 212 studies were retrieved using the search
strategy and only 27 studies met the inclusion criteria,
while 185 studies were excluded. Amongst the excluded
studies, 54 were reviews, 129 were not relevant to the
topic of interest and 2 had no available full text. The 27
included studies included 19 human studies, 7 animal
studies and 1 study that reported on both animals and
humans (Figure 1). Only 20 human studies had suffi-
cient study-level data and these were included in the
meta-analysis.

Characteristics of included human studies

All included studies were published in peer-review jour-
nals between 2001 and 2019, and their characteristics
are shown in Tables 1S and 2S. In total, the included
studies comprised of 2168 participants of which 1065
(49.8%) were living with T2DM and 1103 (50.6%)
were normal individuals. Of the included 20 human
studies, 18 were cross-sectional® 17202425 and 2
were cohort studies.*?® The mean age of the study pop-
ulation was 52.28 £ 8.07 with a male to female ratio of
1.39 (Table 1S). The publication trends on monocyte
function in T2DM in both human and animal studies
are presented in Figure 1S. Briefly, 2 studies were pub-
lished between 2001 and 2005.°'> 5 studies between
2006 and 2010,7'"-13-2%27 10 studies between 2011 and
2015146:10.14-16.18.19.24 414 another 10 studies from
2016 to 2019.3>8:14.17.25.26.28°30 The ncluded studies

were spread across Europe, Asia and United States
with most of the studies from the United States
(Figure 1S).

Study quality and risk of bias

The quality of human studies (n=20) was assessed
using the modified Downs and the Blacks checklist.*
One study was scored as good (19 points), while seven
studies were scored as fair (13—18 points) and the rest
as poor (812 points). The overall median range for all
included studies was 12 (8—19) out of a possible score of
20. Here, most studies had low reporting bias, with a
median of 7 (5-10) out of a possible score of
10 (xk=0.6) and internal validity with a median of
2 (2-4) out of the possible 7 scores (k=0.71). The
included studies had poor external validity and selec-
tion bias with a median score of 1 (0-3) out of
possible 3 scores (k=0.33) and a median of 1 (0-4)
out of the possible score of 4 (x=0.33), respectively
(Table 6Sa).

On the other hand, the quality of included animal
studies (n=8) was assessed and three studies'®*”-*®
were scored as fair 13 (13-14) and the rest as high 17
(16-19) using ARRIVE guidelines (Table 6Sb). In addi-
tion, all included studies were of good quality with a
median score of 7.5 (4-8) out of a possible score of 9
when using JBI critical appraisal tool, except for one
study that was scored as poor”® (Table 6Sc). The use of
funnel plots revealed that all included human studies
had no publication bias on the outcomes reported
(Figure 45).
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Figure |. Preferred Reporting Items for Systematic Review and Meta-Analysis flow diagram of included studies.
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Data synthesis

Reported glucose metabolic profiles

Fasting blood glucose levels. The pooled effect esti-
mates of fasting blood glucose were significantly
increased in individuals with T2DM when compared
to controls (SMD=3.26, 95% CI (2.47, 4.04),
p<0.00001). The included studies showed a
substantial level of heterogeneity (3> =429.39,
P =97%, p<0.00001) (Figure 2S and Table 3S).

Insulin levels. The pooled effect estimates showed
no significant effect differences in the insulin levels
of individuals with T2DM compared to controls
(SMD=0.84, 95%CI (-0.31, 2.00), p=0.15).
However, the level of heterogeneity in these studies
was substantial (3°=40.63, I’=90%, p<0.00001)
(Figure 2S and Table 35).

Glycated haemoglobin levels. The pooled effect esti-
mates showed significantly increased levels of HbAlc in
individuals with T2DM when compared to controls
(SMD=2.48, 95% CI (1.63, 3.34), p<0.00001).
However, substantial levels of heterogeneity were also
observed in these studies (y>=162.47, IF=90%,
p <0.00001) (Figure 2S and Table 4S).

As expected, pooled estimates of glycaemic profiles
of the patients with T2DM were elevated when com-
pared to healthy controls (SMD =2.33, 95% CI (1.91,
2.76), p<0.00001). Notably, the levels of statistical

heterogeneity in these studies were substantial
(x* =666.61, I’ =95%, p <0.00001) (Figure 2S).

Reported markers of monocyte activation
The overall pooled estimate for monocytes activation.

The pooled levels of monocyte activation were higher
in patients with T2DM compared to control
(SMD=0.47, 95% CI (0.10, 0.84), p=0.01,
P =83%). However, these studies showed a substantial
level of statistical heterogeneity (3> =65.72, > =83%,
p <0.00001) (Figure 2) and subgroup analysis based on
the reported effect measure of monocyte activation was
conducted (Figure 2).

Monocyte-secreted IL-6. Interestingly, the levels of
monocyte-secreted IL-6 were comparable between
patients with T2DM and healthy controls
(SMD=0.93, 95% CI (-0.06, 1.91), p=0.00).
However, the studies showed substantial level of
heterogeneity (x*>=36.77, I’=89%, p<0.00001)
(Figure 2 and Table 4S).

Monocyte-secreted TNF-o. The levels of TNF-o
were similar between patients with T2DM and healthy
controls (SMD =0.33, 95% CI (—0.02, 0.69), p=0.07).
In addition, a substantial level of statistical heteroge-
neity was observed in these studies (y>=11.31,
PP =65%, p=0.02) (Figure 2 and Table 4S).

T2DM Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, 95% CI IV, F 95% ClI
Tumor necrosis factor-a (TNF-a)
Corralles etal,, 2007 23 45 55 3 43 8 T76% -0.15 [-0.90, 0.59] i
Freirre etal., 2017 329548 1501055 83 259291 1501055 83 103% 0.05 [-0.26, 0.35) T
Moreno-Navarette et al,, 2009 1.7 504 135 6.8 3.76 94 104% 0.20 [-0.07, 0.46) -
Barryetal, 2016 9.57 598 24 5.75 272 .o ] 8.5% 0.80[0.19,1.40) I
Mraz etal., 2011 6.35 291 12 352 1.51 15 70% 1.23[0.39, 2.06] =
Subtotal (95% CI) 309 222 43.9% 0.33[-0.02, 0.69] 4
Heterogeneity: Tau®= 0,09, Chi*=11.31, df= 4 (P = 0.02), F=65%
Testfor overall effect Z=1.84 (P=0.07)
Interleukin-6 (IL-6)
Corralles etal., 2007 24 8.1 55 3 43 8 76% -0.08 [-0.82, 0.67) -T
Barryetal, 2016 186 04 11 1.6 035 36 80% 0.00 [-0.68, 0.68] = o
Malandrino etal, 2015 302 23 24 113 0.94 22 85% 072[012,1.31) ==
Mraz et al., 2011 234 16 12 1.01 054 15 71% 1.14(0.31,1.96) =
Yang etal,, 2012 11441 163 28 66.5 15 20 70% 297([212,381) =
Subtotal (95% CI) 130 101 38.3% 0.93[-0.06, 1.91] o
Heterogeneity: Tau®= 1.12; Chi*= 36.77, df= 4 (P < 0.00001); F= 89%
Testfor overall effect: Z=1.85 (P = 0.06)
Interleukin- 16 (IL-13)
Corralles etal,, 2007 0.3 1.1 55 09 1.7 g 76% -0.50 [-1.25, 0.25) -
Freirre etal,, 2017 -0.455137 90692325 83 -0.4195 962325 83 103% -0.00 [-0.31, 0.30] T
Subtotal (95% CI) 138 91 17.8% -0.13 [-0.55, 0.29] L
Heterogeneity: Tau®= 0.04, Chi*=1.46,df=1 (P=0.23), F=21%
Test for overall effect Z = 0.60 (P = 0.55)
Total (95% CI) 577 414 100.0% 0.47 [0.10, 0.84) *
Heterogeneity: Tau®= 0.32; Chi*= 65.72, df= 11 (P < 0.00001); F= 83% v ' ¥ +

Testfor overall effect: Z=2.51 (P=0.01)
Test for subaroup differences: Chi*= 4.96. df= 2 (P = 0.08), F= 59.7%

4 -2 0 2 4
Favours [Control] Favours [T2DM]

Figure 2. Pooled estimates of monocyte activation in patients with T2DM compared to healthy controls.
SD: standard deviation; Cl: confidence interval; T2DM: type 2 diabetes mellitus.
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Monocyte-secreted-IL-15. The pooled effect esti-
mates showed insignificant differences in IL-1f levels
in individuals with T2DM and controls (SMD = —0.13,
95% CI (—0.55, 0.29), p=0.55). In addition, these
studies had substantial level of heterogeneity
(x*=1.46, P =31%, p=0.23) (Figure 2 and Table 4S).

Inflammatory profile of patients with T2DM compared to
healthy controls. The overall pooled effect estimates
showed a significant increase in the inflammatory
markers in individuals with T2DM and controls
(SMD =0.56, 95% CI (0.21, 091), p=0.67,
I =89%). However, the heterogeneity in these studies
was substantial (y>=71.07, F=89%, p<0.00001)
(Figure 3S).

C-reactive protein. The pooled effect estimates
showed a significant increase in C-reactive protein
(CRP) in individuals with T2DM compared to controls
(SMD = 0.63, 95% CI (0.21, 1.06), p=0.003) (x*> = 13.15,
P =70%, p=0.01) (Figure 3S and Table 4S).

Neutrophil-lymphocyte ratio. The pooled effect
estimates showed an insignificant increase in neutro-
phil-lymphocyte ratio (NLR) in individual with
T2DM compared to healthy controls (SMD =0.47,
95% CI (—0.13, 1.08), p=0.12) (3*=57.88, F =95%,
p <0.00001) (Figure 3S and Table 4S).

Prevalence of cardiovascular risk factors in patients with T2DM
compared to healthy controls. Pooled estimates showed an
increased risk of CVDs in patients with T2DM com-
pared to healthy controls (SMD =0.37, 95% CI (0.13,
0.61), p=0.003) (x>*=958.77, > =95%, p <0.00001)
(Table 5S). A subgroup analysis of the reported effect
measures was conducted due to a significant level of
heterogeneity.

Diastolic and systolic blood pressure measurements.
Patients with T2DM had higher diastolic blood pres-
sure (DBP) levels compared to healthy controls
(SMD =0.45, 95% CI (-0.01, 0.92), p=0.0001)
(x> =125.70, P =81%, p=0.0001) (Figure 3). In addition,
the systolic blood pressure (SBP) levels were also elevated
in patients with T2DM (SMD =0.53, 95% CI (0.34,
0.72), p=0.32) compared to healthy controls (x> = 5.85,
P =15%, p<0.00001) (Figure 3 and Table 3S).

Triglyceride levels. The subgroup analysis showed
increased triglycerides levels in patients with T2DM
compared to healthy controls (SMD =1.53, 95% CI
(0.91, 2.15), p<0.00001). However, substantial levels
of heterogeneity were observed in these studies
(x> =222.83, F=96%, p<0.00001) (Figure 3 and
Table 48S).

Cholesterol levels. The pooled effect estimates
showed an insignificant increase in total cholesterol
levels in individuals with T2DM compared to controls
(SMD=0.28, 95% CI (—0.40, 0.99), p=0.44).
However, substantial levels of heterogeneity were
observed in these studies (y>=221.60, I*=96%,
p <0.00001) (Figure 3 and Table 45S).

Low-density lipoprotein. The pooled effect estimates
showed an insignificant decrease in the levels of low-
density lipoprotein (LDL) in individuals with T2DM
when compared to controls (SMD =-0.29, 95% CI
(—1.02, 0.43), p=0.43). However, the level of hetero-
geneity in these studies was substantial (y*>=218.15,
P =97%, p<0.00001) (Figure 3 and Table 4S).

High-density lipoprotein. The pooled effect estimates
showed decreased levels of high-density lipoprotein
(HDL) in individuals with T2DM when compared to
controls (SMD=-0.53, 95% CI (—0.86, —0.20),
p=0.002). However, these studies showed substantial
level of heterogeneity (y°=44.51, P =84%,
p <0.00001) (Figure 3 and Table 4S).

A narrative synthesis of pre-clinical studies

Monocyte activation in a diet-induced model of obesity. Fifty-
seven percent of the studies reported on the C57BL/6
mice strain on a high-fat diet (HFD). The overall qual-
ity of the studies was scored as good with a median
score and range of 16 (13-19). However, the included
studies reported on contradictory findings regarding
monocyte secreted IL-1B in HFD mice. Two studies
showed an upregulation in IL-1p,**° while in one
study the levels remained the same.'® The levels of mac-
rophage activation markers including F4/80,”
CD68>?" and CDllc' were decreased in HFD-fed
mice while IL-8 increased®® (study-level outcomes are
reported in Table 2S).

Discussion

This systematic review and meta-analysis aimed at
assessing available literature on the role of monocytes
activation in the pathogenesis of T2DM and the devel-
opment of CVDs as its complications. Data synthesised
in this study revealed increased monocytes activation in
individuals with T2DM coupled with increased risk of
developing CVD when compared to the control group.
The monocyte-derived TNF-o and IL-6 were compara-
ble between patients with T2DM and healthy controls.
Changes in TNF-o metabolism may initiate the onset
of T2DM and the progression of the disease.'”'*>°
IL-6 is an active cytokine, which predicts and induces
T2DM independently and is involved in inflammation,



6 JRSM Cardiovascular Disease

T2DM Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, lom, 95% CI NV, 95% CI
Diastolic blood pressure (DBP)
Cipoletta et al, 2005 79 8 27 75 6 12 20% 0531017,1.22) —
Gacka etal, 2010 8812 1582 58 8091 882 22 21% 0.50 [0.00, 1.00] ~—
Linetal, 2018 7521 212 20 7031 248 20 1.9% 2.08[1.30,287] _—=
Malandrino et al,, 2015 76.5 ] " 715 25 36 20% -0.30 |-0.98, 0.37] —=f
Shiny etal, 2014 784 105 237 762 93 286 23% 0.22 0.05, 0.40] B
Yang etal,, 2012 76 8 28 76 9 20 21% 0.00 -0.57,0.57] =i
Subtotal (95% CI) 381 396 12.3% 0.45[-0.01, 0.92] -

Heterogeneity. Tau®= 0.25; Chi*= 25.70, df= 5 (P = 0.0001), F=81%
Testfor overall effect Z=1.92 (P = 0.05)

Systolic blood pressure (SBP)

Cipoletia et al,, 2005 134 2 27 125 5 12 20% 0.47-0.22,1.16] .
Gacka etal, 2010 14759 1929 58 13068 1741 22 21% 0.89(0.38,1.40] -
Linetal, 2018 1266 241 20 12528 53 20 20% 0.79(0.14,1.44] =
Malandrino et al, 2015 140 8 1 140 5§ 3 20% 0.00 [-0.68, 0.68] o
Shiny etal, 2014 1299 193 237 1205 156 286 23% 0.54(0.36,0.72] “
Yang etal,, 2012 136 9 28 134 6 20 21% 0.25[-0.33,0.83] i
Subtotal (95% CI) 381 396  12.5% 0.53[0.34,0.72] (]

Heterogeneity: Tau®= 0.01; Chi*= 5.85, df=5 (P=032), F=15%
Testfor overall efflect Z=5.36 (P < 0.00001)

Triglycerides (TG)

Eftekharian et al, 2016 2103 97.99 75 116.01 36.18 72 22% 1.26 [0.91,1.61] -
Gackaetal, 2010 271 175 58 181 074 22 21% 0711020,1.21) o
Linetal, 2018 202 035 20 14 03 20 19% 1.86[1.11, 2.62] -
Malandrino et al,, 2015 1.725 0275 11 1.05 0.2 36 1.7% 3.03(2.10, 3.96] -
Moreno-Navarette et al., 2009 191 052 135 113 072 94 23% 1.27 [0.99, 1.56] -
Mraz et al, 2011 975675 814 12 20575 1193 15 1.8% 1.36[0.51,2.22] T
Shiny etal, 2014 18 107 237 162 1.04 286 23% 017 0.00, 0.34] F
Shurtz-Swiskeit et al., 2001 12 9 18 834 147 16 1.8% 232[1.43,3.27) i
Uluetal, 2013 16325 1166 58 11609 704 45 22% 0.47 [0.08, 0.87] —

Van Deepen etal., 2017 21 02 45 12 02 72 20% 4.4713.78,5.16) =
Yang etal,, 2012 19 07 28 16 05 20 21% 0.47 0.11,1.08] —
Subtotal (95% CI) 697 698 22.4% 1.53 [0.91, 2.15] L 2

Heterogeneity. Tau™= 1.00, Chi*= 222.83, df= 10 (P < 0.00001), F= 96%
Testfor overall effect Z= 4.85 (P < 0.00001)

High-density lipoprotein (HDL)

Cipoletta et al,, 2005 1.08 0.24 27 158 036 12 1.9% -1.74 -2.54,-0.95) s
Eftekharian etal., 2016 421 111 75 46.32 1018 72 22% -0.20-0.52,0.13] =
Gacka etal, 2010 1.3 036 58 154 03 22 21% -0.681.19,-0.18) =
Malandrino et al,, 2015 1.325 0.225 " 1.4 0.1 36 2.0% -0.5311.22,0.15) -
Ozturk et al, 2013 4098 156 95 5429 1478 218 23% -0.88 1.13,-063] -
Shiny etal,, 2014 107 024 237 108 025 286 23% -0.0410.21,0.13] 1
Uluetal, 2013 4543 13.08 58 5016 13.63 45 22% -0.35[-0.74, 0.04] e
Yang etal,, 2012 14 0.2 28 1.2 05 20 21% -0.28 [-0.85, 0.30] i b
Subtotal (95% CI) 589 711 17.1% -0.53 [-0.86, -0.20] ]

Heterogeneity: Tau®= 0.17; Chi*= 44.51, df= 7 (P < 0.00001); F= 84%
Test for overall effect Z= 3.11 (P = 0.002)

Low-density lipoprotein (LDL)

Cipoletta et al, 2005 288 09 27 315 061 12  20%  -0311099,037 =k
Eftekharian etal,, 2016 11845 27.04 75 10294 2072 72 22% 0,64 (0.31,097] e
Linetal, 2018 385 059 20 232 069 20 18% 234[1.51,3.18] —
Ozturk etal,, 2013 12312 3844 95 1198 3261 218 23% 010 -0.15,0.34] -

Shiny etal, 2014 312 089 237 304 086 286 23% 0.09 -0.09, 0.26]

Ulu etal, 2013 11262 3123 58 1103 2546 45 22% 0.08[-0.31,047) T

Van Deepen etal, 2017 23 02 45 301 72 19%  -475[547,-4.02) =

Yang etal,, 2012 22 06 28 26 06 20 21%  -0.66[1.25-0.07] —]
Subtotal (95% CI) 585 745 16.9%  -0.29[.1.02,0.43] ey
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Figure 3. The prevalence of CVD risk factors in T2DM compared to healthy controls.
SD: standard deviation; Cl: confidence interval; T2DM: type 2 diabetes mellitus.
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insulin resistance and [ cell-associated dysfunc-
tion.*!>!" In addition, IL-1B, the pro-inflammatory
cytokine that is essential for host-defence responses to
injury, was reduced in T2DM individuals; however,
this was not statistically significant.'"* Interestingly
these findings were also observed in animal studies,
showing that monocytes/macrophage markers such as
TNF-0, IL-6 and IL-1B are elevated in HFD-fed
C57BL/6 mice resembling T2DM in humans.

Consistently, this study showed an increase in
inflammatory markers of monocyte activation includ-
ing CRP and NLR with T2DM,>&!415:1924 tpyg
highlighting the impact of these inflammatory mole-
cules in aggravating the development of T2DM. In
agreement, existing evidence shows that inflammation
and monocyte activation promotes the development of
T2DM and its associated complications.'' These com-
plications can influence numerous organs and tissues
causing retinopathy, nephropathy, atherosclerosis and
CVD." The role of inflammation and monocytes in the
development of insulin resistance and progression of
T2DM is widely recognised; however, precisely impli-
cated mechanisms are still complex. It is hypothesised
that the accumulation of M1 macrophage in an obese
state can induce insulin resistance by producing IL-13
which are known to stimulate TNF-o and 1L-6, render-
ing the recruitment of other immune cells and further
exacerbate inflammation through negative feedback
mechanisms.''?>  Nevertheless, enhanced levels of
TNF-o and IL-6 are consistent with the development
of chronic inflammatory disease and atherosclero-
sis'"*?* which could explain the increased risk of CVD
in T2DM patients.”!>!%13

Dyslipidaemia is associated T2DM and promotes
the development of CVD. Interestingly in our meta-
analysis the lipid profiles (HDL and LDL) were signif-
icantly reduced in individuals living with T2DM. In
fact previous studies have suggested that LDLs are
not always elevated in T2DM individuals.>!
Notably, our meta-analysis showed that the levels of
total cholesterol and triglycerides were significantly ele-
vated in T2DM compared to healthy individuals. Thus,
the altered blood lipid status as supported by evidence
synthesised in this study shows that T2DM individuals
indeed have an increased risk of developing CVD. The
evidence of enhanced blood lipid profiles was consis-
tent with that of DBP and SBP measurements, showing
that these parameters were significantly elevated in
individuals with T2DM when compared to control sub-
jects, further demonstrating that age was directly pro-
portional to individual blood pressure. This was further
supported by studies”?® which indicated that individu-
als above 30 years have an increased risk of developing

hypertension and further into CVD. With the evidence
provided in this study, individuals with T2DM have a
substantial increase in monocyte activation and risk of
developing CVD.

Study limitations

The overall quality of evidence synthesised in this study
was low, mainly due to the study design of the included
studies and the lack of randomised trials. In addition,
the included studies showed a high level of statistical
heterogeneity. Lastly, the potential role of disease
duration in influencing the degree of monocyte activa-
tion could not be assessed as most of the included
studies were cross-sectional, and no longitudinal stud-
ies with participant follow-up were available.
Nonetheless, to our knowledge, this is the first system-
atic review and meta-analysis to critically analyse and
evaluate the role of monocyte activation in T2DM and
the development of cardiovascular risk factors.
Moreover, these findings highlight the potential value
of assessing monocyte activation in thrombotic risk
stratification of individuals living with T2DM.

Conclusion

This meta-analysis suggests that patients with T2DM
have increased levels of activated circulating monocytes
and are at a higher risk of developing CVD. The eval-
uation of monocyte activation and the inflammatory
profile of patients with T2DM may be useful in the
thrombotic risk stratification of patients with T2DM.
There is a need for well-designed clinical trials aimed at
evaluating monocyte activation and the development
of CVD in T2DM, as these would provide conclusive
clinical relevance of the role of activated monocytes in
the pathogenesis of T2DM and CVD.
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