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ABSTRACT

Objectives Carotid intima—media thickness (CIMT) is a
measurement for subclinical atherosclerosis and has been
associated with overall cardiovascular diseases, especially
in type 2 diabetes mellitus (T2DM). We aimed to assess the
status of carotid health and lipid profile in T2DM.

Design This systematic review and meta-analysis
synthesised data published from clinical studies.

Data sources Google Scholar, PubMed and Scopus were
searched from inception to 18 January 2024.

Eligibility criteria for selecting studies Studies
conducted in patients with T2DM and those without
T2DM were included. Studies conducted in T2DM

adults evaluating carotid status and lipid profile were
considered.

Data extraction and synthesis Two authors
independently used standardised methods to
comprehensively search, screen and extract data from all
relevant studies. The risk of bias was assessed using the
Newcastle-Ottawa checklist. Meta-analysis was conducted
using Review Manager and metaHun through random
effects models. The random effect model was used due to
high heterogeneity.

Results Evidence was analysed from 57 studies with a
sample size of 29502 (8254 T2DM and 21248 people
without T2DM). There was a significantly higher CIMT,

with a standardised mean difference (SMD) of 1.01

(95% Cl 0.75, 1.26, p<0.00001). Additionally, there was
an elevated triglyceride (TG) (SMD=1.12, 95% Cl 0.82,
1.41, p<0.00001), total cholesterol (TC), (SMD=0.24,

95% Cl 0.02, 0.46, p=0.03) and low-density lipoprotein-
cholesterol (LDL-C), (SMD=0.35, 95% Cl 0.11, 0.59,
p=0.004) in patients with T2DM compared with those
without T2DM. Furthermore, a significant decrease in high-
density lipoprotein cholesterol (HDL-C) was observed in the
T2DM compared with people without T2DM, SMD=-0.79,
95% Cl —-0.96, —0.62, p<0.00001). Age, body mass index
and hypertension were associated with increased CIMT
and TG and decreased HDL-C in T2DM. Additionally,

age, gender and hypertension were associated with an
increased LDL-C in T2DM.

Conclusion Our findings suggest that an increased CIMT
is accompanied by increased TG, TC, LDL-C and HDL-C
reduction in patients with T2DM.

PROSPERO registration number CRD42023451731.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This systematic review and meta-analysis com-
prehensively used three databases to search for
literature.

= Independent researchers used the Newcastle-
Ottawa guideline to assess the quality of all obser-
vational studies.

= The study was performed in phases by independent
researchers, including search, selection, extraction
and analysis.

= The mean, SD and sample size for each study for
individual parameters were used to estimate the ef-
fect size using Review Manager and metaHun.

= Meta-regression was used to assess the relation-
ship between age, gender, body mass index and
hypertension with carotid intima—media thickness.

INTRODUCTION

Diabetes mellitus (DM) is a complex chronic
condition of carbohydrate metabolism char-
acterised by the body’s inability to produce or
respond to insulin.'® Patients with DM often
present with comorbidities such as hyper-
tension, dyslipidaemia, insulin resistance,
obesity and hyperglycaemia, which increase
their risk of cardiovascular disease (CVD)-
related mortality.” * Recent evidence has
demonstrated that patients with DM are at
high risk of developing CVDs and associated
complications compared with pre-diabetes
and non-DM.” CVDs are made up of disor-
ders of the heart and blood vessels, including
coronary heart disease, cerebrovascular
disease, heart failure and atherosclerosis, as
a result of dyslipidaemia and chronic inflam-
mation.®” Additionally, a subclass of DM, type
2 DM (T2DM), is commonly known to have
a high risk of secondary conditions such as
anaemia due to impaired haematological
indices.® This may further increase the risk of
CVDs in this group of patients.
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Chronic inflammation and dyslipidaemia are more
prevalent in patients with DM and have a negative
impact on cardiovascular health.”"'" Chronic inflam-
mation, as a classic feature of T2DM, has been associ-
ated with atherosclerosis and intimal calcification.' *
Carotid intima—media thickness (CIMT) is associated
with lipid accumulation and, therefore, serves as an
ideal marker of subclinical atherosclerosis and CVD in
patients with DM.” "' CIMT is defined as the distance
from the lumen—-intima interface to the media—adven-
titia interface of the arterial wall, mainly measured
noninvasively through ultrasonography images of the
carotid arteries.'® This ultrasonic test uses higher-
resolution images, which detect the early stages of
CIMT thickening.'” Previous evidence reported that an
increase in CIMT by 0.1 mm increases the relative risk
of ischaemic heart disease by 15% and cerebral vascular
disease by 18%.”

CIMT values are associated with hypercholesterolaemia
regardless of genetic aetiology and predisposition.'® The
previous meta-analyses showed an elevated CIMT in pre-
diabetes and DM" 20; however, analysed evidence was
collected from clinical trials with small sample sizes in
different clinical studies, especially in T2DM. This poses
a question about the statistical power of such evidence.
Other studies have shown no significant differences in
CIMT statusamong T2DM and people without T2DM.”?'~*
More recently, researchers have shown decreased left and
right internal CIMT in T2DM compared with people
without T2DM.** These conflicting results, especially with
more recent evidence showing reduced CIMT compared
with old evidence, prompt an investigation into the status
of CIMT among T2DM, which could assist in the assess-
ment of its contribution to the development of secondary
CVD.

On the other hand, total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C) and triglyceride (TG) contribute
to the development of atherosclerosis.”” Therefore,
impaired lipid profiles in T2DM may contribute to
secondary complications among patients with T2DM.
While this is commonly known, conflicting results have
emerged from various researchers, with some showing no
elevation in lipid profile and others showing no signifi-
cant difference in T2DM.?' #2627

DM has been reported to have a negative impact on
the CIMT and the lipids profile. Notably, an increased
CIMT has been associated with the development of
various CVDs. However, based on the conflicting find-
ings on CIMT status in T2DM, the contribution of CIMT
to dyslipidaemia and CVDs remains unclear. Therefore,
it is important to research the extent of T2DM patients’
risk of developing future CVDs to manage the condition
best. In this study, we reviewed and quantitatively anal-
ysed evidence from existing clinical studies to evaluate
the status of CIMT and lipid profiles in patients with
T2DM.

METHODOLOGY

Registrations and reporting

This systematic review and meta-analysis protocol was
registered with the International Prospective Register of
Systematic Reviews (PROSPERO), registration number
CRD42023451731 and subsequently published.*® This
systematic review and meta-analysis is reported according
to the guidelines outlined by the Meta-analysis of Obser-
vational Studies in Epidemiology*’ (online supplemental
file 1).

Patient and public involvement
Not applicable, no participants were recruited as the
study used data from published studies.

Aims and PECOS criteria
This study aims to assess the overall status of CIMT and
lipid profile in T2DM.

PECOS is outlined as follows: population includes
adult patients with T2DM, exposure is DM, comparator is
people without T2DM and outcomes included CIMT and
lipid profile status. In terms of designs, cross-sectional
studies, case controls, and prospective and retrospective
cohorts were all included.

Search strategy

Independent authors (RGM and KM) systematically
searched literature on Google Scholar, PubMed and
Scopus databases from inception to 18 January 2024. The
following medical subject heading (MeSH) terms and
boolean operators were used to identify studies: carotid
artery intima-media thickness OR CIMT AND lipid
profile AND T2DM. The MeSH/keywords were modified
for each database. Furthermore, reference lists of the
relevant studies that were retrieved were also screened to
identify additional eligible studies. Any disagreement in
the search was resolved by an independent author (WP).

Study selection: inclusion and exclusion criteria

The studies were included if they were conducted in
patients with T2DM, reporting CIMT and any lipid param-
eter (TG, TC, LDL-C and HDL-C) in T2DM, published
in English. In cases where a study had multiple T2DM
groups, we combined data to get the overall mean from
two T2DM groups.

In contrast, the studies were excluded if they were not
conducted in T2DM or did not specify the form of DM,
preclinical studies on T2DM, did not measure CIMT
status, measured lipid parameters without CIMT status,
studies without data about CIMT in one group, studies on
treatment, published in other language, abstract, letters
to the editor, retracted studies, grey literature including
preprints and theses or dissertation.

Data extraction and quality assessment

The authors (RGM and KM) independently extracted
the following data from eligible studies: name of the
first author, year of publication, country, sample size,
age, DM status, the mean and SD for TC, TG, HDL-C,
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LDL-C and CIMT. The Excel sheet was used to capture all
extracted data. The main findings of the studies were also
summarised. A third independent author (WP) verified
data extracted by RGM and KM to reduce biases. Quality
was assessed by following guidelines from the Newcastle-
Ottawa Scale (NOS).*° This method considers three main
domains: selection, comparability and outcome across
different study designs. This activity was undertaken inde-
pendently by RGM and KM with WP as arbitrator in case
of inconsistencies.

Data-analysis

Data extracted in this study were analysed by using
Review Manager (V.5.4) and metaHun (http://softmed.
hacettepe.edu.tr/metaHUN/) (accessed on 19 January
2024). We used the data (sample size, mean+SD) to
explore the change of all outcomes (CIMT, lipid profiles)
in T2DM compared with people without T2DM. In case
median and ranges were given in the study, such data were
converted to mean and SD following guidelines by.”' !
Similarly, if the mean and SE (SEM) were reported, SD
was estimated using the formula SEM=SD/ vn. The effect
sizes were reported as standardised mean differences
(SMD) and 95% CIs. The magnitude of effect size was
categorised as small, medium and large when equiv-
alent to 0.2, 0.5 and 0.8, respectively. P values of <0.05
were regarded as statistically significant. We used the I°
statistic test to assess statistical heterogeneity.” The I’
values of <560% and >75% were classified as minimal and
substantial statistical heterogeneity, respectively. Due to
heterogeneity, a random-effect model meta-analysis was
performed. Sensitivity analysis was conducted using a
one-study exclusion procedure to evaluate the stability of
our effect size. Publication bias was evaluated graphically
using funnel plots and statistically with Egger’s regression
tests. Meta-regression was also performed to find the asso-
ciation between the outcomes and moderators, such as
age, gender, body mass index (BMI), hypertension status
and study design.

RESULTS

Literature search and selection of included records

A total of 214 records were retrieved using the following
search engines and databases: Google Scholar (n=18),
PubMed (n=85) and Scopus (n=111). The search is
presented in online supplemental table 1. Mendeley
reference manager (V.2.98.0) was used to exclude seven
duplicate records retrieved from the search. Before full-
text screening, 29 records were excluded due to irrele-
vant titles, abstracts and keywords. Following full-text
screening, additional sets of records were excluded.
Among them, 44 had no control groups, 23 were irrele-
vant populations, 22 were studies on treatments, 15 had
no main outcomes of interest, 7 had no sufficient data,
4 reviews, 2 protocols and 1 letter to the editor. Addi-
tionally, one study was conducted in an animal model of
T2DM, one was retracted from the journal and one full

text was not retrieved. Finally, 57 studies’ '* % 21727 3579
met the inclusion criteria for the present study and were
included in this meta-analysis (figure 1).

General features of included studies

Online supplemental table 2 summarises the overview
characteristics of included studies from peerreviewed
journals published between 1995 and 2024. Evidence
from these 57 studies with a total sample size of 29502
(8254 T2DM and 21248 people without T2DM) was
included in the current analysis. Among the included
T2DM, 4090 (49.6%) participants were male, while 4164
(50.4%) were females. However, it is important to note
that the two studies did not specify the gender distribu-
tion of the enrolled population. The age of participants
was reported in 56 studies; the median and IQR age of
T2DM was 56.05 (51.18-60.05) years, confirming that the
meta-analysis included adults only. The BMI of the T2DM
group was 28.6 (25.5-30.5) kg/m®, suggesting an over-
weight status in T2DM. It is noteworthy to indicate that
BMI was not reported in at least four studies.

The majority of included evidence was conducted from
. 5 . 5 5 6
China, 4 22 25 38 61 68-72 78 Ty, 26 27 34 36 44 45 50 63 65 67 76 77

Egypt,15 405359606674 1 ) 72346 Italy,sg 4952 Spain,gﬁ 3 India,
Nigeria,47 Pakistan,75 Iraq,24 Romania,73 Germany,51
Japan,?  Hungary,®  Australia,”® South  Africa,”
Slovenia,56 62 Sweden,64 the USA,57 Saudi Arabia,79
Denmark,54 Mexico” and the Netherlands.* *! 46 studies
were cross-sectional,” 14172172326 273346 48-5355-50 63-65 697779

495 54 62 78 47 60 61 66-68
were cohorts and?* % %427 § were case controls.

The quality of the included studies

Among the included studies, all cross-sectional studies
were classified as good quality, scoring at least 6 and 7
stars (online supplemental table 3). On the other hand,
allincluded cohorts were also rated as having good quality
as they scored between 6 and 7 stars out of possible eight
scores (online supplemental table 4). Similarly, the case
controls scored 8 stars and were classified as good quality
(online supplemental table 5).

Status of CIMT in patients with T2DM compared with people
without T2DM

57 studies’ '* 17212737 with a sample size of 8254 patients
with T2DM and 21 248 people without T2DM were included
in the random effect meta-analysis of studies reporting
CIMT. CIMT was significantly high in patients with T2DM
compared with people without T2DM participants,
SMD=1.01, 95% CI (0.75, 1.26), p<0.00001, (figure 2). The
studies had significant heterogeneity (I’=98%; p<0.00001).
Sensitivity analysis was conducted following leave-one-out
analysis; for CIMT, a notable change was observed when
three studies were excluded,58 SMD=0.91, 95% CI
(0.65, 1.16), p=0.000,* SMD=1.10, 95% CI (0.90, 1.29),
p=0.000and SMD=0.95, 95% CI (0.71, 1.20), p=0.000."

TGs in patients with T2DM compared with people without
T2DM
50 studies7 14 15 21-23 25-27 33-41 43 46-56 58-74 77-79 with 6954

patients with T2DM and 8484 people without T2DM that

Mashaba RG, et al. BMJ Open 2024;14:€087496. doi:10.1136/bmjopen-2024-087496

3


http://softmed.hacettepe.edu.tr/metaHUN/
http://softmed.hacettepe.edu.tr/metaHUN/
https://dx.doi.org/10.1136/bmjopen-2024-087496
https://dx.doi.org/10.1136/bmjopen-2024-087496
https://dx.doi.org/10.1136/bmjopen-2024-087496
https://dx.doi.org/10.1136/bmjopen-2024-087496
https://dx.doi.org/10.1136/bmjopen-2024-087496

o
E Records identified from:
E PubMed (n = 85) Records removed before screening:
= Scopus (n =111) —» Duplicate records removed (n = 7)
E Google Scholar (n = 18)
L=
o Records excluded due to:
Records screened: (n = 207) L »| Irrelevant titles/abstract/keywords/focus
(n=29)
Reports sought for retrieval:
> (n E 178) 9 ) Reports not retrieved: (n = 1)
[ =
[=
: I
7]
(]
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Letter to the editor (n = 1)
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Retracted study (n=1)
3 - . N Treatment (n = 22)
- Studies |nGIL_|ded in the review: No sufficient data (n = 7)
= (n=57)
=
Figure 1 Flow diagram showing study selection and inclusion.

reported on TG were included in the meta-analysis. The
levels of TG significantly increased in patients with T2DM
compared with people without T2DM SMD=1.12, 95%
CI (0.82, 1.41), p<0.00001 (figure 3). The studies had
substantial heterogeneity (I*=98%:; p<0.00001). For the
sensitivity analysis, the exclusion of two studies, Meyer et
al and Kaplar et al,49 % resulted in a change in effect size
(SMD=1.03,95% CI (0.74,1.33), p=0.000) and SMD=1.02,
95% CI (0.74, 1.31, p=0.0000) respectively. Additionally,
the exclusion of Kowall et af! yielded an effect size of
SMD=1.05, 95% CI (0.81, 1.29), p=0.0000.

TC in patients with T2DM compared with people without T2DM
46 studies’ 14 15 21-23 25-27 3341 46-50 53-62 65-74 7779 o
sample size of 6072patients with T2DM and 15672
people without T2DM that assessed TC were included
in this meta-analysis. The level of TC was significantly
increased in T2DM compared with people without
T2DM, SMD=0.24, 95% CI (0.02, 0.46, p=0.03) (online
supplemental figure 1). However, the studies presented
considerable heterogeneity (1°=97%; p<0.00001). Sensi-
tivity analysis showed that the exclusion of the study by
Meyer et al’® changed the effect size to SMD=0.14, 95% CI

4
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Patients With T2DM People Without T2DM Sti. Mean Difference Sti. Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
AhdelAal et al., 2021 0.59 0.23 50  0.636 0103 4 17% 177 [1.21,2.34] -
Albu etal., 2010 0.91 017 33 0.76 0137 21 1.7% 0.93 [0.36, 1.51] -
Alietal, 2018 0.84 0.z 150 072 019 B0 1.8% 1.12[0.80,1.44] -
Arnouzegar etal, 2022 04176 01126 118 04176 01125 126 1.8% 0.00 [-0.25, 0.25]
Areejetal, 2023 0.6333 0.16536 &0 0.57 0.142497 B0 1.8% 0.41 [0.05, 0.77] M
Bakircietal, 2015 0.8 0.25 132 0.66 013 80 1.8% 0.66 [0.37, 0.94] -
Bilgiret al., 2019 0.81 019 143 0.67 0.11 133 1.8% 0.89 [0.64,1.14] -
Bonora etal., 2005 1.44 015 56 1.149 015 58 1.7% 1.66[1.23, 2.08] -
Bulutet al., 20149 0.ya 014 G0 0.6 0.1 B0 1.8% 1.47[1.07,1.87] -
Catalan etal, 2015 0.7855 01398 106 07412 01159 99 1.8% 0.34 [0.07, 0.62] M
Celiketal, 2014 0.52 0.2z 100 0.a 0.2z kil 1.8% 0.54 [0.13,0.95] e
Contreras-Rodriguez etal, 2015 0.6989 0.147 110  0.566 0172 35 18% 0.86[0.47,1.26] -
Dong etal., 2022 069 0.0909 69 067 01061 67 1.8% 0.20[-0.14, 0.54] r
Dullaartetal., 2012 0.sa 0z aa 077 0.09 40 1.8% 0.64[0.25,1.03] —
Farrag et al., 2008 1.2783 02204 40 0.828 0072 0 16% 2.40[1.70,3.09] -
Flores-Guerrero et al., 2024 0.883 0.185 81 0.808 0147 88 1.8% 0.44[0.13,0.74] r
Gaudio etal, 2013 0.867 0.214 40 0.784 0107 40 1.7% 0.49[0.04, 0.93] —
Gomez-Marcos etal, 2011 0.781 011 121 0686 0.09 88 1.8% 0.93 [0.64, 1.22] -
Gunes etal, 2021 0.64 013 19 0.54 0.1 45 1.7% 0.94 [0.51,1.36] -
Gineg etal, 2022 0.8 0.2z G4 0. 0.1 40 1.8% 0.96 [0.65, 1.37] -
Guoetal, 2023 1.37 0.23 120 1.24 017 40 1.8% 0.60[0.23, 0.96] —
Givener etal., 2000 072 019 70 0.54 014 52 18% 1.05 [0.67,1.43] -
Heidari et al., 2014 n.ra 0.2 107 0.66 0.14 101 1.8% 0.69 [0.41,0.97] -
Joseph etal, 2020 0.54 015 62 0.49 0.1 B0 1.8% 0.39[0.03,0.75] M
Faplaretal, 2016 0.672 0.148 103 0.602 0128 98 1.8% 0.50[0.22,0.78] ~
Focaodlu etal, 2016 082 018 114 0.76 017 100 1.8% 0.34 [0.07, 0.61] M
Kocetal, 2018 0.84 017 58 07 013 27 17% 0.94 [0.46,1.42] -
Kowall et al, 2012 0.54 013 188 083 013 1838 18% 0.85 [0.69, 1.00] -
Kozakova et al., 2019 0.78z 0129 1891 0668 0138 94 18% 0.86 [0.60,1.12] -
Lachine etal., 2016 0.3 0.z 40 07 015 90 1.8% 1.30[0.97,1.62] -
Lietal, 2016 1.18 0.29 320 0.71 013 250 1.8% 2010181, 2.21] -
Luetal, 2015 08188 01357 245 05908 0112 148 1.8% 2857 [2.30,2.54] -
Lundby-Christensen et al., 2010 0. 013 28 0.679 0105 o 1% 1.01 [0.46, 1.56] -
Lvetal, 2017 0.8z78 015 G4 0.68 0.09 8 17% 1.08 [0.61,1.59] -
Macharia etal, 2014 0.58 0.073 142 077 0.048 348 1.8% 372([3.42,4.07] -
Majidi et al., 2021 0.83 012 42 079 0.1 42 1.7% 0.36 [-0.07,0.79] -
Merlo etal., 2016 0.858 0.184 595 0.:9 0212 200 1.8% 0.34 [0.18, 0.50] i
Metcalf et al., 2000 0. n.182 921 074 022 11976 1.8% 0.28[0.21,0.34]
Mever et al., 2004 0.88 n.oz 45 0.68 n.oz 45 11% 9.81[8.38, 11.49] —
Mafakhi et al., 2023 0.87 015 198 78 17 586 1.8% -5.24 [5.55,-4.93] -
Maguib et al., 2021 0.074 0otz 50 0.04  0.0004 25 16% 3.42[2.68, 4.16] -
Maguib etal., 2022 0.06 0.0 ] 0.04 0.0z 40 1.8% 0.70[0.30,1.09] -
Okafor et al., 2018 0.83 016 54 0.74 0.1 54 1.8% 0.67 [0.28, 1.06] -
Panetal, 2019 6.81 1.36 114 5.89 1.03 98 1.8% 0.75[0.47,1.03] -
Popovit et al, 2016 20 66 13.48 426 1417 8.87 137 1.8% 0.52[0.32,0.71] -
Sahinetal, 2014 0.a 0.1 171 072 0.1 61 1.8% 0.80[0.50,1.10] -
Strawhridae et al., 2016 0.758 0.145 901 0738 0141 2470 1.8% 0.14[0.06,0.22]
Taniguchi et al., 2002 0.71 014 51 07 0.086 23 17% 0.08 [-0.42, 0.57] T
Taniwaki etal., 1999 1.004 0.3rz2 27 064 0182 285 1.8% 1.2501.07,1.43] -
Tawfeek etal, 2014 0.53 0z i 0.64 0.08 o 1% 1.881.27,2.49] -
Ugaretal, 2020 073 0z 40 0.64 019 40 1.7% 0.46 [0.01, 0.90] —
Wang etal, 2019 0.785 0.0545 120 065 0.08493 120 1.8% 1.81[1.81, 2.11] -
Yafeietal, 2019 0749 016 TG 0.58 n.o8 o 1T% 1.47 [1.00, 1.93] -
Yiuetal, 2013 0.56 0.z 100 0.86 014 150 1.8% 0.60[0.34, 0.86] -
Zhang et al., 2014 062656 01691 50 0.A685 01226 41 1.8% 0.38 [-0.03, 0.80] -
Zhangetal, 2017 1.1 0.z 148 0.6 0.1 72O18% 2.86[2.47,3.29] -
Zhengetal, 2018 082 01422 200 0.54 n.os 100 1.8% 2.23[1.93,2.53] -
Total (95% CI) 8254 21248 100.0% 1.01[0.75, 1.26] ]
Heterogeneity: Tau® = 0.95; Chi®= 3218.46, df= 56 (P = 0.00001), F= 98% -1=E| =5 b é 1=D

Testfor overall effect Z=7.64 (F = 0.00001})

Decrease in CIMT Increase in CIMT

Figure 2 Forest plot reflecting the status of carotid intima-media thickness (CIMT) in T2DM compared with people without

T2DM. T2DM, type 2 diabetes mellitus.

(-0.07,0.34), p=0.18. Both Zhang et al”* and Naguib et al™
led to SMD=0.19, 95% CI (-0.02, 0.40), p=0.077. Lastly,
the exclusion of Kaplar et al changed the effect size to
SMD=0.30, 95% CI (0.10, 0.50), p=0.032.

LDL-C in patients with T2DM compared with people without
T2DM

43 studies’ 1415 21-23 2627 34-38 40 43 46-50 52-65 67-7277-79. <1 =1 04
patients with T2DM and 18 159 people without T2DM that
investigated LDL-C were included in this meta-analysis.

The level of LDL-C was significantly increased in T2DM
compared with people without T2DM SMD=0.35, 95%
CI (0.11, 0.59), p=0.004 (online supplemental figure
2). The studies had significant heterogeneity (I°=98%;
p<0.00001). For sensitivity analysis, the exclusion of
one study at a time revealed a change in effect size, for
instance, Kaplar et al had an SMD of 0.22 (95% CI 0.00,
0.44), p=0.05, Meyer et al’® reported an SMD of 0.24 with
95% CI (0.01, 0.48), p=0.041," ** SMD=0.29, 95% CI
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I

Open access

Patients With T2DM People Without T2DM Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI I/, Random, 95% CI
AbdelAal et al., 2021 187.32 4418 50 13792 2618 25 1.9% 1.60[0.86, 2.04] -
Albuetal, 2010 143 13 33 1083 9.1 2 1.8% 283[214,373] I
Alietal, 2018 13217 3554 150 100.87 919 G0 2.0% 1.02[0.71,1.34] -
Amouzegar etal, 2022 1048.14 6.85 118  96.59 1415 126 2.0% 076 [0.50,1.02] -
Eilgir et al., 2018 24288 19553 143 13847 59.8 133 2.0% 071 [0.46, 0.95] -
Bonora et al., 2005 1.85 0.86 56 1.41 0.68 58 2.0% 056019, 0.94] -
Bulut et al., 2015 210 145 60 g8 a0 60 2.0% 1,16 [0.77,1.59] -
Catalan etal,, 2014 13085 16.47 106 103 11.22 39 2.0% 1.96[1.63, 2.30] -
Celik et al, 2014 187.65 10515 100 140,78  7F7.49 K| 2.0% 0.47 [0.06, 0.88] -'—
Contreras-Rodriguez etal, 2015 201.82 39.58 110 9911 1213 35 2.0% 282[2.41,3.43] -
Dong etal., 2022 1.69 0.848 69 1.37 0.5985 67 2.0% 0.43[0.09, 0.77] e
Dullaart et al., 2012 1.68 07625 a0 1.28 07492 40 2.0% 051013, 080 —
Farrag et al., 2008 121.33 2369 40 11741 238 20 1.9% 0.18[0.368,0.71] T
Flores-Guerrero et al., 2024 1.7 0.7548 g1 1.41 0.8289 g9 2.0% 0,36 [0.06, 0.67] —
Gomez-Marcos etal, 2011 1359 75.28 121 11457  61.08 g9 2.0% 0.31[0.03, 0.58] .
Guo etal, 2023 1.54 0.3z 120 1.048 0.7 40 2.0% 1.58[1.18,1.98] -
Gilvener et al., 2000 166.7 663 ¥0 1529 7168 52 2.0% 0.20[-0.16, 0.56] T
Heidari etal., 2014 195.62 107.98 107 169.65 7F4.62 101 2.0% 0.28[0.00, 0.559] ~
Josephetal, 2020 15 0.28 62 15 0149 G0 2.0% 0.00[0.35,0.359] T
Kaplar etal, 2016 287 0.29 103 1.53 [INN] 98 1.9% 6.03[5.37, 6.69] -
Kocaodlu et al, 2016 173 108 114 150 10 100 2.0% 0.22 [-0.05, 0.49] r
Koc etal, 2018 162.73  8#1.77 58 1529 64.79 27 2.0% 0.13[0.23,0.58] T
Kaoweall et al., 2012 1.58 0.21 189 1.07 012 1938 21% 3810372410 -
Kozakova etal, 20149 1.32 0.8z 191 1.25 0.61 44 2.0% 0.09 0145, 0.34] T
Lachine etal, 2016 14628 48231 90 13195 6554 90 2.0% 0.24 [-0.058, 053] -
Lietal, 2016 1.44 0.59 320 1.42 0.59 250 21% 0.03[0.13, 020 T
Luetal, 2014 1.83 0.23 245 1.23 0.1e 148 2.0% 338307, 370 -
Lundby-Christensen etal, 2010 1.45 0.5 28 1.33 0.s7 30 2.0% 0.21 031,073 T
Lvetal, 2017 217 1.14 69 1.08 0.329 28 2.0% 1.13 [0.66, 1.99] -
Macharia etal, 2014 1.8 1 142 1.4 0.8 349 21% 0,46 [0.27, 0.66] -
Majidi et al., 2021 14309 17.49 42 1287 1837 42 2.0% 087 [0.421.32] -
Merlo etal., 2016 19 0.24 595 1.31 IR 200 21% 2.60([2.40,2.81] -
Meyer et al, 2004 1.88 0.1 45 1.28 0.1 45 1.7% 5.895[4.87 6493] e
Maguib etal., 2021 195.66 3B8.77 50 106.92 18.88 25 1.9% 262[1.87, 3.26] -
Maguib etal., 2022 214 1 78 1.39 0.56 40 2.0% 085045, 1.259] -
Okafor etal., 2018 1121 13.4 54 1088 121 54 2.0% 0.26 [-0.12, 0.64] T
Fanetal, 2019 1.82 1.61 114 117 0.33 98 2.0% 0.62[0.25, 0.90] e
Popovic et al, 2016 1.84 11147 595 1.84 11147 200 21% 0.00 016, 0.16] T
Sahin etal., 2014 169.5 47 6 171 145.03 G49.6 61 2.0% 0.27 [-0.03, 0.56] ™
Strawhridge et al, 2016 1.91 1.82 901 1.47 049 2470 21% 0.36[0.29, 0.44] -
Taniguchi etal., 2002 121 g 51 114 3 23 2.0% 1.01[0.49,1.53] -
Taniwaki etal, 1959 1.54 0.a8 27 1.34 0.4 285 21% 024007, 0.41] M
Tawfeek etal, 2014 173.82 &7.82 30 97 12.02 30 1.9% 1.811.20, 2.42] -
Ugaretal, 2020 177.7 101.02 40 14285 54.72 40 2.0% 0.42[-0.02,0.87] "—
Wang etal., 2018 1.37 0.23 120 1.0 014 120 2.0% 1.68[1.38,1.497] -
Yafei et al, 2019 177.5 101 76 1012 36.7 30 2.0% 0.B6[0.42, 1.300 -
Yiuetal, 2013 15 0.8 100 1.3 o7 150 2.0% 027 [0.01,0.52] r
Zhang et al, 2014 1.13 0.a7 50 1.02 0.65 41 2.0% 014 [-0.27, 0.55] T
Zhang et al., 2017 2.08 0.58 149 1.3 0.64 72 2.0% 1.30[0.89,1.60] -
Zheng et al, 2018 1.86 0.42 200 1.3 0ar 100 2.0% 1.541.27,1.81] -
Total (95% CI) 6954 8484 100.0% 1.12[0.82, 1.41] 4
Heterogeneity: Tau®=1.10; Chi*= 2782.59, df = 49 (P = 0.00001}); = 98% t f f

Testfor overall effect: Z=7.40 (P = 0.00001)
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Decrease in TG

1}
Increase in TG

Figure 3 Forest plot of studies reporting triglyceride (TG) levels in patients with T2DM compared with people without T2DM.

T2DM, type 2 diabetes mellitus.

(0.06, 0.53), p=0.013 and last Amouzegar et al’ showed an
SMD=0.42, 95% CI (0.19, 0.65), p=0.000.

HDL-C in patients with T2DM compared with people without

A total of 47 studies’ 14 15 21-23 26 27 33-41 43 46-65 67-72 77-79
encompassing 7600 patients with T2DM and 18506
people without T2DM reporting on HDL-C were included
in the meta-analysis. The random effect model meta-
analysis revealed a significantly decreased HDL-C level
in patients with T2DM compared with people without
T2DM, SMD=-0.79, 95% CI (-0.96, -0.62), p<0.00001
(online supplemental figure 3). The studies had signif-
icant heterogeneity (I’=96%; p<0.00001). In sensitivity
analysis, only the exclusion of the study by Kaplar et al*

resulted in a shift in effect size, SMD=-0.65 (0.80, -0.50),
p=0.0000. Exclusion of Majidi et al*’ resulted in an SMD
of —0.84, 95% CI (-1.02, —-0.66), p=0.0000. Exclusion of
Meyer et al® yielded an SMD of -0.71, 95% CI (-0.88,
—0.54), p=0.0000. The exclusion of both Naguib et al”
and Wang et al changed the effect size to SMD=-0.73,
95% CI (0.90, 0.56), p=0.0000.

Publication bias

For studies that assessed the status of CIMT in T2DM, an
evaluation of publication bias using funnel plots revealed
some potential level of biases (online supplemental
figure 4A); interestingly, this was supported statistically
by the Egger’s regression test (Z score=6.70, p<0.05).
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Funnel plots showed evidence of bias on TG (online
supplemental figure 4B); this was also supported by the
Egger’s regression test (Z score 4.6, p<0.05). Funnel plots
depicted potential evidence of biases for TC (online
supplemental figure 4C); this was supported statistically
by the Egger’s regression test (Z score=6.20, p=0.000).
Visual inspection of LDL-C through a funnel plot showed
bias (online supplemental figure 4D). Interestingly,
this was supported by Egger’s regression test results (Z
score=6.89, p=0.000). Lastly, there was evidence of bias
across studies that evaluated HDL-C and showed publi-
cation bias through funnel plots (online supplemental
figure 4E), which was corroborated by the Egger’s regres-
sion test (Z score =-14.81, p=0.0000).

Meta-regression output

We explored the association between CIMT and lipid
profile status in T2DM. The selected moderators included
age, gender, BMI, hypertension and study design. Meta-
regression based on age suggests there is a direct relation-
ship between CIMT and age in T2DM (p=0.001). Similarly,
the same observation was noted in BMI (p=0.035) and
hypertension status (p=0.000). This implies that age,
BMI and hypertension status are significant moderators
(online supplemental table 6). However, gender was not
a significant moderator (p=0.266) (online supplemental
table 6). Interestingly, using the study design as a moder-
ator was also found to be a significant moderator (p=0.001)
(online supplemental table 6). For TG, all moderators
except for gender were notable (p<0.05) factors associ-
ated with elevated TG in T2DM (online supplemental
table 6). No significant association was observed between
TC and all moderators (p>0.05) (online supplemental
table 6). For LDL-C, age, gender and hypertension status
were significant moderators (p<0.05) associated with an
increased LDL-C (online supplemental table 6). More-
over, age, gender, BMI, hypertensive status and study
design were significant moderators (p<0.05) associated
with reduced HDL-C levels among patients with T2DM
(online supplemental table 6).

DISCUSSION

The present study systematically reviewed and quantita-
tively analysed existing literature on the status of CIMT
and lipid profiles in patients with T2DM. This study
found that CIMT was higher in patients with T2DM than
those without T2DM. Additionally, TG, TC and LDL-C
levels were increased in the T2DM group than in people
without T2DM. Furthermore, a significant reduction
in HDL-C levels in patients with T2DM compared with
people without T2DM was observed. In support of the
present study, Zhou et al reported an increase in CIMT in
patients with T2DM.* Our meta-regression has revealed
that age, BMI and hypertension are some of the factors
that contribute to an increased CIMT among T2DM.
This is also supported by a previous study that reports an
association between CIMT and age and BMIL.* Indeed,

different biological ageing measures correlate with
T2DM vascular complications, possibly extending the
range of risk factors driving atherosclerosis in T2DM.*' *
In the current study, no association was noted between
increased CIMT and gender, suggesting gender does not
have an impact on the status of CIMT among T2DM. This
evidence is aligned with previous reports, as no significant
relationship was observed between increased CIMT and
gender in T2DM.*

Hyperglycaemia associated with T2DM has been
reported as an independent risk factor for increased
CIMT, thus increasing the risk of CVD, including isch-
aemic stroke.” ™ An increased CIMT in patients with
T2DM may be attributed to hyperglycaemia-induced
endothelial dysfunctions, which promote chronic inflam-
mation and further increase the risk of atherosclerosis.*”*
Inflammatory cytokines can also result in the accumu-
lation of immune cells in the arterial wall, thus contrib-
uting to the thickening of the artery.”” More recently,
a systematic review and meta-analysis was conducted in
DM to evaluate the status of CIMT. Although the study
found an increased CIMT status in DM, it was conducted
in children with TIDM.*™ The latter results may not be
translatable to adult T2DM populations, especially as it
has been observed that age has a significant association
with increased CIMT among patients with T2DM. An
increased CIMT in T2DM remains a challenge due to the
associated cardiovascular complications such as athero-
sclerosis.* The exact mechanism of artery thickness in
T2DM is not fully understood. However, it is assumed that
hyperglycaemic states in T2DM may contribute to CIMT
thickening through the formation of advanced glycation
end products (AGEs). These AGEs result from elevated
blood glucose and bind to the proteins in the arterial
walls, thereby reducing wall elasticity and contributing to
arterial stiffness.”’

On the other hand, elevated blood glucose impairs the
endothelium’s inner layer, making it more receptive to
foam cells and lipids, thereby promoting the develop-
ment of atherosclerotic plaques.*® The present plagues
induce intima thickening. Another mechanism by which
DM is associated with the thickening of CIMT thickening
is due to elevated insulin levels experienced by people
with DM, and this promotes the growth of smooth muscle
cells in the arterial wall,” resulting in CIMT thickening.
As observed in the current study, hypertension is associ-
ated with increased CIMT in T2DM, and increased blood
pressure impairs the arterial walls, promoting athero-
sclerosis. Therefore, primary measures must be put in
place to control hypertension in T2DM to curb associated
secondary complications.

The present study found a significant increase in TG,
TC and LDL-C levels between the T2DM and those
without T2DM, further supporting previous evidence.
For instance, previous studies reported increased LDL-C
and TC levels in T2DM compared with people without
T2DM.” ** Age, gender and hypertension were found
to be associated with an increased LDL-C. Usually, an
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increased LDL-C in T2DM is induced by inflamma-
tion, thereby impairing lipid metabolism.” This, subse-
quently, results in an increased LDL-C production and
a reduced clearance from the bloodstream. This results
in high LDL-C in the blood. Age and gender contribute
to an increased LDL-C; primarily, ageing slows down
metabolism and reduces liver function, thereby slowing
down LDL-C removal.” ?* As women reach menopause,
their oestrogen levels decline, resulting in an increased
HDL-C.”” Although small dense LDL-C was not assessed
in the current study due to lack of data, the evidence
from the literature has indicated that these particles can
infiltrate the arterial wall and promote foam cell forma-
tion and arterial plaques.” According to Al Mansour,
the prevalence of high TC was 23.7% in patients with
T2DM."

Additionally, 2Acufia et al”® reported that 46.7% of
patients with T2DM had TC levels in the upper limits.
Moreover, Paquet et al reported consistently high serum
TC levels in patients with uncontrolled T2DM.” The
evidence of the contribution of high serum TC and
LDL-C to atherosclerosis has been reported exten-
sively in the literature. In another meta-analysis, higher
serum TC and LDL-C were regarded as the leading
cause of coronary atherosclerosis and an increased risk
of CVD.'"

While the present study found an increased TG in
patients with T2DM compared with those without T2DM,
this agrees with evidence from other clinical studies that
reported increased TG in patients with T2DM.'"! Insulin
resistance in patients with T2DM has been reported
to promote lipogenesis,'”” including increased TG
synthesis,'” which has been associated with cardiovas-
cular complications such as atherosclerosis and the thick-
ening of CIMT.'"*

The level of HDL-C decreased in the T2DM group
compared with those without T2DM. According to Agbaje
et al, low HDL-C was associated with CIMT progression.'"
In DM, HDL-C particles undergo conformation changes
that impair their function.'” Additionally, T2DM has
been reported to alter HDL-C metabolism, leading to
decreased HDL-C production and function, resulting in
low HDL-C in circulation.'”” One of the central features
of T2DM is insulin resistance; this disrupts lipid metabo-
lism, resulting in low HDL-C."” In contrast to the current
study, an increase in plasma HDL-C has been regarded as
a novel therapeutic option to reduce the risk of T2DM.'"
Interestingly, a previous report by Mokgalaboni et al
showed an impaired lipid profile in patients with T2DM."’
This further supports the observation from the current
findings that patients with T2DM have an impaired lipid
profile, which predisposes them to the risk of cardiovas-
cular complications. Our results suggest that patients with
T2DM are at high risk of developing dyslipidaemia and
CVDs due to impaired lipid profiles and increased CIMT,
respectively. Therefore, CIMT and lipid profile moni-
toring should be considered in T2DM treatment and
management protocols.

Strength and limitations

The study involved independent authors in search,
screening and extraction to avoid bias. The study’s
strength was that different databases were used by
qualified researchers who searched for studies inde-
pendently. The age of included participants across all
studies was 56.05 (51.18-60.05) years, indicating that
they were adults. Moreover, the overall quality of the
included studies was classified as good, as determined
by the NOS guideline. Interestingly, a protocol for
this study was also registered with the PROSPERO to
allow transparency. Both graphical and statistical anal-
yses were used to assess publication bias. Some of the
limitations to acknowledge in this study include a lack of
information about the duration of T2DM, which could
limit our interpretation of results according to duration,
as it is known to impact the progression of T2DM. The
median (IQR) BMI was 28.6 (25.5-30.5) kg/mQ, classi-
fied as overweight.

Consequently, these findings may not apply to younger
participants who fall outside the overweight category. The
included studies did not report the small dense LDL-C
levels, which were not preplanned in the protocol phase
and thus were not considered in the current analysis. The
evidence reflected substantial heterogeneity; however,
meta-regression analysis was performed to find the asso-
ciation between all outcomes and possible moderators
(age, gender, BMI, hypertension and study design).

CONCLUSIONS AND RECOMMENDATIONS

Despite the conflicting evidence from individual studies,
the overall evidence from this study shows that patients
with T2DM have an elevated CIMT compared with those
without T2DM. This was coupled with a pronounced
increase in TG, TC and LDL-C among patients with
T2DM. Furthermore, a significant reduction in HDL-C
was also observed. The study underscored the presence
of dyslipidaemia in patients with T2DM. Dyslipidaemia
in patients with T2DM predisposes them to a heightened
risk of developing secondary CVD compared with those
without T2DM. This risk is substantiated by the elevated
CIMT observed in the T2DM compared with those
without T2DM in this study. The evidence synthesised in
this study shows a high risk of subclinical atherosclerosis
and dyslipidaemia among T2DM; these results can be
considered when developing therapies against subclinical
atherosclerosis and CVDs.
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