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ABSTRACT

The exponential increase in the prevalence of prediabetes has become a global concern due to
the comorbidities and mortality rates that are positively associated with it. The incidence of
prediabetes is directly proportional to the prevalence of comorbidities with risk factors such as
insulin resistance, adiposity, lipotoxicity, obesity and the alteration of the renin-angiotensin-
aldosterone system. Hence, the current study systematically reviewed and performed a meta-
analysis of these risk factors, their clinical indicators and the RAAS components.

Methods: This systematic review was developed in compliance with the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols (PRISMA-2020) standards. This was
accomplished by searching clinical MeSH categories in MEDLINE with full texts, EMBASE, Web of
Science, PubMed, Cochrane Library, Academic Search Complete, ICTRP and ClinicalTrial.gov.
Reviewers examined all the findings and selected the studies that satisfied the inclusion criteria.
The Downs and Black Checklist was used to assess for bias, followed by a Review Manager v5.
A Forrest plot was used for the meta-analysis and sensitivity analysis. The protocol for this review
was registered with PROSPERO CRD42022320252.

Results: The clinical studies (n=2) comprised 1065 patients with prediabetes and 1103 normal
controls. The RAAS measurements were completed in the adipose tissue. The RAAS components,
renin and aldosterone were higher in the prediabetic (PD) compared to the control [mean
difference (MD)=0.16, 95% Cl 0.16 (—0.13, 0.45), p = 0.25]. Furthermore, the PD group demon-
strated higher triglycerides mean difference [MD = 7.84, 95% Cl 7.84 (-9.84, 25.51), p=0.38] and
increased BMI [MD =0.13, 95% Cl 0.13 (=0.74, 0.99), p = 0.77] compared to the control. The overall
quality of the studies was fair with a median score and range of 17 (16-18).

Conclusion: The current study highlights the relationship between increased BMI, RAAS and
insulin resistance which is a predictor of prediabetes. The renin is slightly higher in the predia-
betes group without any statistical significance, aldosterone is rather negatively associated with
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prediabetes which may be attributed to the use of anti-hypertensive treatment.

Introduction

The adipose tissue does not only serve as the principal fat
storage site but is a group of connective tissue that serves
as an endocrine organ that secretes hormones which
regulate several metabolic processes, including glucose
homoeostasis [1]. The adipose tissue maintains glucose
homoeostasis through the interactions of several anti-
hyperglycaemic hormones, namely, omentin, leptin and
adiponectin [2-4]. Omentin is an insulin-sensitizing adi-
pokine that exerts anti-inflammatory, anti-atherogenic
and anti-diabetic properties through the activation of
protein kinase AKT/protein kinase B in the insulin signal-
ling pathway [5,6]. Thus, promoting insulin-stimulated
glucose uptake irrespective of the presence of insulin
[7,8]. In addition to omentin, adiponectin is also an
insulin sensitizing adipokine that exerts pleiotropic effects

such as anti-inflammatory, anti-apoptotic and improves
glucose handling [9]. Adiponectin is crucial in glucose
homoeostasis as it reduces gluconeogenesis, conversely
promoting the utilization of glucose and free fatty acids
by other tissues such as the skeletal muscle, thus regulat-
ing the blood glucose levels [9,10]. Furthermore, adipo-
nectin has protective effects on the pancreatic (-cells,
which are the chief producers of insulin [11]. However,
in type 2 diabetes (T2D), due to a high caloric diet, the
adiponectin and omentin levels have been found to be
inversely proportional to the glucose levels and insulin
sensitivity, consequently promoting adiposity [12]. Leptin
is an appetite-suppressing adipokine stimulated by insulin
that regulates food intake [13]. However, type 2 diabetics
have been reported to be resistant to leptin, promoting
constant food intake beyond the fed state resulting in
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overnutrition, adiposity, lipotoxicity and increased body
mass index (BMI) [14,15]. Interestingly, studies have evi-
denced a bi-directional relationship between overnutri-
tion, the risk factors of prediabetes such as, insulin
resistance, impaired glucose tolerance (IGT), impaired
fasting glucose (IFG), increased body mass index (BMI),
adiposity, lipotoxicity and the upregulation of adipose
tissue renin angiotensin aldosterone system (RAAS)
[16]. Prediabetes (PD) is a state of moderate hyperglycae-
mia associated with impaired fasting glucose and
impaired glucose tolerance [17]. In 2019, 373.9 million
people were estimated to have IGT and projected to
progress from 453.8 million in 2030 to 548.4 million in
2045 in middle-income countries. In 2017, the most attri-
butable fatalities of diabetes were caused by prediabetes
risk factors such as elevated triglycerides (TGs), free fatty
acids (FFA), high BMI and behavioural factors, namely,
high caloric diet and sedentary lifestyle. Additionally, in
2017 high BMI was responsible for 30.8% of deaths and
dietary risk was responsible for 24.7% of deaths [18].
Furthermore, animal studies have evidenced adipose
RAAS activity in a prediabetic state. In prediabetes,
RAAS components such as renin, angiotensinogen,
angiotensin-converting enzyme (ACE), angiotensin II
type 1 receptor (AT1R), aldosterone and angiotensin II
were elevated in animal studies. Local RAAS is required
for adipocyte development and triglyceride regulation
[17]. Mature adipocytes generate angiotensin II type 2
receptors (AT2R), which promote mature insulin-
sensitive adipocyte proliferation and preadipocyte differ-
entiation, hence capacitating the insulin signalling path-
way as well as triglyceride metabolism and control [19].
However, in mild hyperglycaemia, the Ang II/AT1R sig-
nalling is upregulated, increasing NADPH oxidase, and
the downstream effects result in insulin resistance, as seen
in prediabetes and T2D [17]. Consequently, further con-
tributing to impaired glucose tolerance and increase
blood glucose [20]. The hyperglycaemia and insulin resis-
tance cause a decrease in anti-hyperglycaemic hormones
such as omentin, leptin and adiponectin [21].

Therefore, due to positive correlation between adipose
RAAS activity and overt hyperglycaemia risk factors, the
current study seeks to evaluate adipose RAAS activity in
prediabetes by systematically evaluating RAAS components
and the biochemical/clinical markers of the risk factors of
prediabetes that are associated with the adipose tissue.

Methods

This meta-analysis was prepared in accordance with the
preferred reporting items for systematic reviews and
meta-analysis (PRISMA 2020) guidelines which was
created to aid systematic reviewers in reporting why

the review was conducted, what the authors did and
what they discovered in a transparent manner [22]. The
protocol used to conduct this systematic review and
meta-analysis is registered on PROSPERO (reg. no.
CRD42022320252).

This systematic review and meta-analysis was per-
formed in order to address the following questions:

(1) Is adipose RAAS activated in prediabetes?
(2) What is the relationship between adipose
RAAS activity and prediabetes risk factors?

Selection criteria

Inclusion criteria

Randomized controlled clinical trials, observational stu-
dies and case-control studies from the year 2000-2022
written in English published in peer-reviewed journals
were eligible for review.

Participants who are 18 years and older that satisfy
all or some of the American Diabetes Association
(ADA) criteria for prediabetes diagnosis were consid-
ered for this study. The fasting blood glucose (FBG): 5.6
-7.0 mmol/L; 2h postprandial blood glucose (2h -
OGTT): 7.8 -11.0 mmol/L with Glycated haemoglobin
(HbAlc): 5.7-6.4% as per the ADA criteria

Exposure

Randomized control trials, observational studies and
case—control studies that report on the risk factors of
prediabetes, namely, obesity, adiposity, lipotoxicity
and insulin resistance in association to changes in
the RAAS components in a prediabetic state, were
eligible for the systematic review. Studies that inform
on the clinical markers of any of the mentioned risk
factors (obesity, adiposity, lipotoxicity and insulin
resistance) in a prediabetic state and its relation to
alteration of the RAAS components were considered
for this review.

Comparators

Prediabetic patients defined by the ADA criteria, fast-
ing blood glucose (FBG): 5.6 -7.0 mmol/L; 2h post-
prandial blood glucose (2h - OGTT): 7.8 -11.0 mmol/
L with Glycated haemoglobin (HbAlc): 5.7-6.4% and
control group (non-prediabetic) patients were com-
pared in this review.



Outcomes

(1) Primary Outcomes

o Activity of the RAAS components, viz., renin,
angiotensin-converting enzyme (ACE), angiotensin
II type 1 receptor (AT1R), angiotensin II (Ang II),
angiotensin 1-7 (Ang 1-7), angiotensin-converting
enzyme 2 (ACE 2) and the ATIR receptor
expression.

e Comorbidities are regarded as risk factors for pre-
diabetes and type 2 diabetes, namely, insulin resis-
tance, lipotoxicity, adiposity and obesity (reported
as OR)

(2) Surrogate outcomes

e Obesity risk markers such as adipokines/adipocy-
tokines expression/triglycerides/cholesterol
concentration

Data sources and searches

Databases such as MEDLINE, Web of Science,
Cochrane Library, Academic Search Complete,
ICTRP and ClinicalTrial.gov were implored with the
assistance of an experienced subject librarian from
inception to 12 May 2022. Medical Subject Headings
(MeSH) with the keywords such as the renin angio-
tensin aldosterone system OR Ang II AND
‘Prediabetes’ or ‘impaired glucose tolerance’ or
‘impaired fasting glucose’ AND ‘adipose’ or ‘adipos-
ity’ or ‘body mass index’ or ‘bmi’ or ‘obese’ or
‘obesity’ or ‘overweight’ or ‘weight’ were implored
to identify published studies highlighting the rela-
tionship between prediabetes and the mentioned
comorbidities.

Study selection

Endnote X20 reference manager database was used to
exclude duplicates. All titles and abstracts were sepa-
rately reviewed by two reviewers (B.C.M. and P.M.) for
potential relevance, and full texts were obtained for
those judged pertinent. Conflicts were settled by
a third independent reviewer (PSN)

Data collection process

BCM and PM independently screened the titles,
abstracts and the selected full-text articles against the
eligibility criteria to extract data.

All pertinent publications were carefully chosen after
being subjected to impartial evaluation by two
researchers, BCM and PM. A third investigator, PSN,
was consulted in order to explain anomalies. An
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independent researcher retrieved pertinent data from
each article, including the name and year of publica-
tion, the nation where the study was conducted, the
fasting blood glucose/glycated haemoglobin and
impaired fasting glucose, in order to satisfy the aims
and objectives (AK).

Assessment of risk of bias and quality of evidence

BCM and PM assessed the risk of bias using the mod-
ified Downs and Black checklist, which is suitable for
both randomized and nonrandomized research [23,24].
Furthermore, the Downs and Black Checklist takes into
account the methodological quality of each study,
regardless of the quantity and kind of outcomes mea-
sured [25]. The third investigator, PSN, was consulted
to settle any disputes. The overall total scores of each
study were rated poor if the score was (<13 points), fair
if (14-18 points), good if (19-23 points) and excellent if
the score was (24-27). However, the overall quality of
the studies included in this meta-analysis was fair, with
a median score and range of 17 [16-18] overall agree-
ment 93%, kappa = 0.87. Here, most studies had a low
reporting bias, with a median of 12 [11,12] out of
a possible score of 13 (k=0.86). The included studies
had poor external validity and selection bias, with
a median score of 1 (0-3) out of possible 3 scores (k
=0.92) and a median of 4 [3,4] out of the possible score
of 4 (k=0.58), respectively.

Data synthesis and analysis

To determine whether there is a relationship between
the condition (prediabetes) and the risk variables, the
statistical heterogeneity in the chosen studies was eval-
uated using a RevMan 5.4 forest plot and the I’ and
Chi-squared statistical tests [26]. Low heterogeneity is
defined as an I? of less than 25%, moderate heteroge-
neity as between 25% and 50%, and high heterogeneity
as greater than 50%. A forest plot displays the effect
estimates and confidence intervals of individual studies
and their meta-analysis, therefore, to quantify the size
of the connection, the forest provided an odds ratio and
confidence interval, with solid lines denoting the 95%
confidence interval [27]. Studies with an I* greater than
50 were evaluated for potential sources of heterogeneity
using a sensitive analysis, and studies judged to be at
high risk
a significant overlap in the confidence intervals indi-
cated significant homogeneity.

of bias were excluded. Furthermore,
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Results
Selected studies

The search strategy yielded 18,646 studies, of which
only 21 were assessed for eligibility. A total of 12,780
were removed by automation tools, and 1485 were
duplicates. A total of 4357 did not satisfy the inclusion
criteria, leaving 21 to be evaluated for eligibility.
Among the assessed 21, 11 did not measure any
RAAS components, 3 did not have full texts, 4 were
review articles and 1 did not measure glucose levels as
seen in Figure 1 [20]. Therefore [28-46], only two
articles satisfied the inclusion in the current study
[47,48].

Study characteristics

All included studies were published in peer-reviewed
journals between 2000 and 2022, and their character-
istics are shown in Table 1. In total, the included
studies comprised 361 participants of which 168
(49.8%) were living with prediabetic and 193 (50.6%)
were normal individuals. The mean age of the study
population was 40.6 £10.4 and 57.1 +11.1 (48.85%
10.75) (Table 1).

Data synthesis
Reported glucose metabolic profiles

A. Fasting blood glucose levels

The pooled effect estimates of fasting blood glucose
were significantly increased in individuals with PD
when compared to controls [Mean difference
(MD) = 1340, 95% CI 13.40 (7.94, 18.85),
p < 0.00001]. Notably as seen in Figure 2A, there was

Table 1. Overview characteristics of the included studies.

substantial statistical heterogeneity in these studies (x°
=3.49, I’ =81%, p = 0.06).
B. Glycated haemoglobin

The pooled effect estimates in Figure 2B showed
significantly increased levels of HbAlc in individuals
with PD when compared to controls [MD = 0.49, 95%
CI 0.49 (0.41, 0.56), p < 0.00001]. There was no hetero-
geneity in the studies (x* = 0.86, I* = 0%, p = 0.35).

C. HOMA-IR

The pooled effect estimates of HOMA-IR were sig-
nificantly increased in the PD compared to the controls
in Figure 2C [MD = 0.64, 95% CI 0.64 (0.30, 0.99), p =
0.0003]. There was no heterogeneity in the included
studies (x* = 0.65, I> = 0%, p = 0.42).

D. Plasma renin activity

The pooled effect estimates showed that there was
no statistical difference between the control and the PD
groups in Figure 3A. However, there was an observa-
tional difference in favour of the PD compared to the
control [MD = 0.16, 95% CI 0.16 (=0.13, 0.45), p =
0.25]. However, there was no heterogeneity in the
selected research (x*=0.04, I* = 0%, p=0.85).

E. Plasma aldosterone

There was no statistical significance between the PD
and the control. Interestingly, the included studies
demonstrated contradicting pooled estimates in Figure
3B. However, the overall estimates favoured the control
compared to the PD [MD = -0.51, 95% CI -0.51
(-2.15, 1.12), p = 0.54]. The studies demonstrated mod-
erate heterogeneity (x> = 1.78, I = 44%, p = 0.18).

F. Triglycerides

There was no statistical significance between the PD
and the control. However, the selected studies displayed
conflicting pooled estimates in Figure 4A. However, the
overall estimates favoured the PD compared to the

Study Glucose
design Age metabolism RAAS component
Authors, year  Country  Population  (Years) parameters reported Link to the adipose Main findings
La Sala et al. Original 205 40.6+10.4 FPG (mg/dl) Upright PRA (ng/mi/h) BMI (kg/mz) A significant increase in FPG was
(2021) [47]  research 107.6 +18.1 35+5.2 442+57, directly proportional to the
Italy HbA1c (%) Upright ALD (ng/dl) Triglycerides (mg/dl)  upregulation of RAAS
6.2+0.7, 2 7.2+50 1449 £ 67.5 components, BMI and TGs
HOMA-IR
49+29
S.H. Min Cross- 156 57.1£11.1 FPG (mg/dL) PRA (ng/mL/h) BMI (kg/mz) The FPG, HbAlc and HOMA-IR
et al. sectional 109.1+13.2 1.52+1.0 243+3.0 were significantly increased in the
(2017) [48]  study HbATc (%) ALD (ng/dL) Triglycerides (mg/dL)  prediabetic compared to the non-
Korea 6.0+0.3 175+58 155.2+89.7 prediabetic group. Furthermore,
HOMA-IR the prediabetic group had
28+12 significantly higher BMI and

TGs when compared to the non-
prediabetic group.
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[ Identification of studies via databases and registers ]
)
Records identified from*:
5 Academic search complete (n = 7317) Records removed before screening:
= Medline with full texis (n=6959) Duplicate records removed (n = 1485)
o Cochrane library (n=2176) Records marked as ineligible by automation tools (n =
= EMBASE (n=1129) 12791)
] PubMed (n=842) Automation tool include: date and full texts
K=} CT.gov (n=149)
ICTRP  (n=53)
Web of Science (n=31
—
Records screened | Records excluded**
(n =4380) (n=2)
Reports sought for retrieval Reports not retrieved
o (n=4378) (n=4357)
‘e
(]
e
o A
Reports assessed for eligibility Reports excluded:
(n=21)
RAAS components not measured (n = 11)
Prediabetes parameters not measured (n = 1)
Review articles (n=4)
No full text (n=3)
\ 4

Studies included in review
(n=2)

Figure 1. Preferred reporting items for systematic review and meta-analysis flow diagram of included studies.

control [MD = 7.84, 95% CI 7.84 (-9.84, 25.51), p=
0.38]. The studies demonstrated low heterogeneity (x*
=1.23, I’ =19%, p = 0.27).

G. Body mass index (BMI)

There was no statistical significance between the PD
and the control. However, the included studies demon-
strated contradicting pooled estimates in Figure 4B.
However, the overall estimates favoured the PD com-
pared to the control [MD =0.13, 95% CI 0.13 (-0.74,
0.99), p = 0.77]. The studies demonstrated no hetero-
geneity (x*=0.01, I> = 0%, p = 0.92).

Discussion

The current study aims to systematically review the rela-
tionship between the renin-angiotensin-aldosterone sys-
tem in prediabetes and the associated risk factors such as,
insulin resistance, lipotoxicity, adiposity and obesity. The

aim was achieved by conducting a meta-analysis of the
markers, namely, fasting plasma glucose, plasma insulin,
glycated haemoglobin, plasma renin, aldosterone, high-
density lipoproteins, triglycerides and body mass index
(BMI). The synthesized results of the current study
showed that the PD had significantly higher levels of
fasting plasma glucose compared to the control group.
Furthermore, the plasma insulin and glycated haemoglo-
bin of the PD were statistically significant in the PD
compared to the control group. Elevated glycated haemo-
globin and plasma glucose levels are associated with the
upregulation of local RAAS and numerous comorbidities
that are noted in type 2 diabetes (T2D) [49].

The RAAS is a well-known water and electrolyte bal-
ance system responsible for the long-term control of
blood pressure [50]. Several studies have proven the rela-
tionship between T2D and RAAS [26]. More recent
research has highlighted that this system is also locally
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Prediabetes Non-prediabetes
Study or Subgroup  Mean  SD Total Mean

SD Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Mean Difference

LaSalaetal, 2021 1076 181 BE 973 128 138
Min etal., 2017 1081 132 102 932 78 54

Total (95% Cl) 168 193 100.0% 13.40[7.94,18.85]

Heterogeneity. Tau?= 11.19; Chi*= 3.49, df=1 (P = 0.06); F=71%
Testfor overall effect. Z= 4.81 (P < 0.00001)
A) FPG

Prediabetes Non-prediabetes

44.7%
55.3% 15.80([12.60,19.20] —.

10.30[5.44,15.16]

-20 -10 0 10 20
Non-prediabetes Prediabetes

Mean Difference Mean Difference

Study or Subgroup  Mean [*%] SD[%] Total Mean[%] SD[%] Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

La Salaetal, 2021 62 07 66 58 06 139 139% 040(0.20,0.60] -

Min etal, 2017 & 03 102 55 02 54 BB1% 050[042 059

Total (95% CI) 168 193 100.0% 0.49 [0.41, 0.56] ]

Heterageneity Chi?=0.86, df=1 (P =0.35); P=0% ' t {

Test for overall effect: Z=13.01 (P < 0.00001)

B) Glycated haemoglobin

Mean Difference
SD Total Weight IV, Fixed, 95% CI

t
1 2

-2 R
Non-prediabetes Prediabetes

Mean Difference
IV, Fixed, 95% CI

Prediabetes Non-prediabetes
Study or Subgroup Mean SD Total Mean
LaSalaetal, 2021 49 29 BE 46 34 139 148%
Minetal., 2017 28 12 102 21 11 54 852%
Total (95% Cl) 168 193 100.0%

Heterageneity. Chi*= 065, df=1 (P=042) F=0%
Test for overall effect; 2= 3.63 (P = 0.0003)

0.30 [-0.60,1.20]
0.70(0.33,1.07] —-

0.64[0.30, 0.99]

-2 -1 0 1 2
Non-prediabetes Prediabetes

Figure 2. Glycaemic parameters. A) Fasting plasma glucose (FPG), B) glycated haemoglobin (HbAlc) and C) homeostatic model

assessment of insulin resistance (HOMA-IR).

produced and active in multiple organs viz the adipose
tissue [17,51]. In order for adipose tissue to mature prop-
erly and respond to caloric excess by expanding as
intended, RAAS integrity is crucial [51]. The Ang II and
AT2R interaction promotes preadipocyte differentiation
and In humans, ATII generated by mature adipocytes has
been demonstrated to suppress the differentiation of adi-
pocyte precursors, lowering the fraction of tiny insulin-
sensitive adipocytes [52]. This consequence might result
in decreased adipose tissue capacity, a build-up of free
fatty acids in other tissues and the development of insulin
resistance [52]. This idea is reinforced by the fact that the
expression of ATII-forming enzymes in adipose tissue is
negatively associated with insulin sensitivity. Angiotensin
II and aldosterone are the effector peptides of adipose
RAAS that respond to overnutrition are upregulated in
prediabetes [53]. The Ang II may directly induce adipo-
cyte leptin release which is a satiety hormone that regu-
lates food intake thus preventing overnutrition. Ang II
has been found in rats to boost prostaglandin I2 synthesis
in adipocytes, which encourages adipogenic differentia-
tion of pre-adipocytes into mature adipocytes [54]. In
humans, Ang II has been demonstrated to impede adipo-
genic development of primary cultured preadipocytes
[55]. Ang II was found to boost the activity and transcrip-
tion rate of glycerol-3-phosphate dehydrogenase and fatty
acid synthase, two essential lipogenic enzymes, in both

mouse 3T3 preadipocytes and human adipocytes [56].
Interstitial Ang IT was also demonstrated to have tissue-
specific effects on lipolysis in human adipose and tissue
[57]. Aldosterone and mineralocorticoid receptor activa-
tion enhance the expression of proinflammatory adipo-
kines, which decreases the expression of the insulin
receptor and impairs insulin-induced glucose uptake
[58,59]. Accordingly, the glucose parameters were statis-
tically significant in this study. Interestingly there was no
statistical difference between the control and the PD
group of some parameters. These observations are incon-
clusive as a moderate heterogeneity was noted in the
included studies. Renin which is the first protein of
RAAS was assessed in the current study. The data revealed
that there was no statistical difference between the 2
groups, however, there was an observational difference
in favour of the PD. Additionally, there was no hetero-
geneity between the studies. Furthermore, the study that
had a smaller sample size and weighed 4% had a large
standard deviation consequently pulling the data to the
left. Interestingly, the means of the included studies are
indicative of increased renin activity when glucose levels
and BMI are increased. The study by La Sala et al 2021 had
increased renin activity in both the control and the PD
group. The control group of that study had a BMI range of
44.0 £ 5.8 which fall in the obesity range. Obesity and
hypertension are known risk factors for prediabetes and



T2D, due to insulin resistance and RAAS activity, which
was demonstrated by La Sala et al 2021. Therefore, the
data of the current study highlights the relationship
between insulin resistance, and the risk factors of predia-
betes such as obesity and increased triglycerides. Adipose
RAAS as discussed affects the preadipocyte differentia-
tion, hence the adipose tissue lipid buffering capacity
resulting in increased triglycerides [51,60]. The data
from the current study concurs with these reports as
there was an observational difference in favour of the
PD in comparison to the control group. Moreover, the
study that pulled some of the data to the control had
a sizable standard deviation, thus the study weighed
23.6% in contrast to the 73.6% of the study by La Sala
et al. 2021 which indicated a significant increase in trigly-
cerides in the PD compared to the control group.
Research has outlined the positive correlation between
overt hyperglycaemia, increased adipose and systemic
RAAS activity and adipose tissue dysfunction which is
evidenced by increased triglycerides [51,61]. Inherently,
the same trend was noted in the current study.
Triglycerides are directly proportional to BMI. Hence, in
the current study the observational difference in favour of
the PD that was noted with the triglycerides was also
observed with the BMI. The observational differences
noted in the current study are determined by the skewness
of the forest plot and the Z-values which indicate the
overall effect which indicate that some parameters are
not statistically significant yet may have biological
significance.

Study limitations

This systematic review and meta-analysis comprises
only two studies; therefore, there was a paucity of

Prediabetes Non-prediabetes

Study or Subgroup  Mean [ngiml/h] SD [ng/mi/h] Total Mean [ng/imih] SD[ng/mlh] Total Weight IV, Fixed, 95%Cl
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data. Furthermore, due to the limited number of stu-
dies, where there was heterogeneity, subgroup analysis
could not be conducted. Additionally, the included
studies had a sizable standard deviation for some of
the parameters which could be indicative of the inclu-
sion of outliers by the authors.

Conclusion

This systematic review and meta-analysis suggest
a biological positive correlation between hyperglycaemia,
insulin resistance, adipose tissue and the upregulation of
RAAS in prediabetes and obesity, although there was no
statistical difference between some of the parameters. In
groups with a BMI in the obesity range, insulin resistance
had increased renin activity. Furthermore, there was an
observational difference in the renin activity in partici-
pants that had obesity and insulin resistance as evidenced
by the mean values of renin exceeding the normal range.
The renin, triglycerides, BMI and insulin resistance are
directly proportional to each other which highlights that
insulin resistance which is a predictor of PD and obesity is
positively associated with RAAS. Additionally, studies
which are not part of the quantitative instead inform of
the qualitative aspect highlight significantly increased
RAAS components, renin and aldosterone in the PD
[29]. Furthermore, a study using the oral glucose toler-
ance test demonstrated a difference in RAAS activity
between the participants who had normal glucose hand-
ling and impaired glucose tolerance and increased
BMI [34].

As Figure 3A shows a trend of renin slightly higher
in prediabetes group without any statistical signifi-
cance, aldosterone is rather negatively associated with
prediabetes. The data may suggest that adrenal

Mean Difference
IV, Fixed, 95% CI

Mean Difference

La Salaetal, 2011 35 52 66 32
Min etal, 2017 142 1102 1.36

Total (95% CI)
Heterogeneity. Chi*= 0.04, df= 1 (F = 0.85); F= 0%
Testfor overall effect 2= 1.15(P=025)

168

A) Renin

Prediabetes Non-prediabetes

Study or Subgroup  Mean [ng/dL] SD[ng/dL] Total Mean [ng/dL] SD[ng/dL] Total Weight IV,Random, 95% CI

39 139
08 54 96.0% 0.16F0.13,045 -

40% 030HA 17

193 100.0% 0417[0.12,045] ’

7 A 0 i 1
Non-prediabetes Prediabets

Mean Difference
IV, Random, 95% Cl

Mean Difference

La Salaetal, 2021 72 5 66 94 47
Min etal, 2017 175 58 102 17 6.4

Total (95% CI) 168

Heterogeneity. Tau*= 0.63; Chi*=1.78,df=1 (P=0.18); F= 44%
Testfor overall effect 2= 0.61 (P=0.54)

B) Aldosterone
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Figure 3. Renin-angiotensin-aldosterone system (RAAS) components.
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Prediabetes Non-prediabetes

Mean Difference Mean Difference
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LaBalaetal, 2021 1448 675 66 1315 721 139 764% 1340682 3362 -
Min etal, 2017 1952 897 102 1654 1189 54 236% -10.20 [46.61,26.21] —
Total (95% CI) 168 193 100.0%  7.84[-9.84, 25.51]

Heterogeneity. Chi*=1.23, df=1 (P =0.27); F=19%
Test for overall effect 2= 0.87 (P=0.38)

A) Triglycerides

. Bt .

400 <50 0 5 100

Non-prediabetes Prediabetes

Prediabetes Non-prediabetes Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
LaSalaetal, 2021 442 &7 66 44 58 139 26.6% 0.20[1.48 188 I
Minetal, 2017 24303 102 42 31 84 734% 040F091,1.11] —
Total {95% CI) 168 193 100.0% 0.13[-0.74,0.99] +

Heterogeneity: Chi?= 0.01, df= 1 (P = 0.92); F= 0%
Testfor overall effect; Z= 0.29 (P = 0.77)

B) Body mass index

Figure 4. Adipose tissue markers.

aldosterone production might be lower in prediabetes
population. Therefore, renin might be higher in pre-
diabetes, but there is no difference in aldosterone level
between control and prediabetes populations. The
observed aldosterone results might be attributed to
the inclusion of patients undergoing anti-hypertensive
therapy by the use of anti-hypertensive medication. The
studies do not specify the type or mechanism of action
of the RAAS blockers. However, the most common
anti-hypertensive treatment is ACE blockers and there-
fore impairs the conversion of angiotensin I to Ang II.
Additionally, other hypertensive medication includes
angiotensin II type 1 receptor (ATI1R) antagonists
which target Ang II receptors, thus hindering the
effects of Ang II which is a hormone that triggers
aldosterone production.

Henceforth, the synthesized data suggests that adi-
pose renin might be upregulated in impaired glucose
handling, insulin resistance and obesity, resulting in
the risk factors of prediabetes such as adiposity and
lipotoxicity. The current study highlighted a paucity of
clinical trials aimed at investigating adipose RAAS
activity in prediabetes.
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