
Vol:.(1234567890)

International Journal of Diabetes in Developing Countries (July–September 2024) 44(3):450–464
https://doi.org/10.1007/s13410-023-01284-3

1 3

REVIEW ARTICLE

Surrogate markers of metabolic syndrome and insulin resistance 
in children and young adults with type 1 diabetes: a systematic review 
& meta‑analysis (MetS and IR in T1DM)

Sukeshini B. Khandagale1 · Vinesh S. Kamble1 · Chirantap Oza2 · Shital Bhor2 · Anuradha V. Khadilkar2 · 
Satyajeet P. Khare1

Received: 23 July 2023 / Accepted: 26 October 2023 / Published online: 6 November 2023 
© The Author(s), under exclusive licence to Research Society for Study of Diabetes in India 2023

Abstract
Objective  Metabolic syndrome (MetS) and insulin resistance (IR) are associated with diabetes. Insulin therapy in type 1 
diabetes (T1DM) may complicate the diagnosis of both these conditions. Therefore, investigation of the diagnostic efficacy 
of MetS and IR components is important in paediatric population with type 1 diabetes mellitus (T1DM).
Methods  SCOPUS, Web of Science, and PubMed were searched for studies that have MetS and IR in paediatric populations 
with T1DM. We assessed the strength of association for MetS and IR components. A random effect model was used for the 
meta-analysis and the effect size was reported in terms of Hedge’s g.
Results  A total 30 studies were identified relevant to our systematic search. Insulin dosage and HbA1c, markers for glycemic 
condition showed very small effect on MetS with T1DM. In the lipid profile, triglyceride (TG) and low-density lipoprotein 
(LDL) showed better effect size than high-density lipoprotein (HDL). In case of IR, heterogeneous nature of studies made it 
difficult to carry out a meta-analysis. A descriptive review of existing and novel markers is thus provided.
Conclusion  In children with T1DM, lack of association between markers of glycemic condition suggested that MetS may 
develop independent of glycemic level. Other than TG and HDL, LDL may be used in the diagnosis of MetS. A universally 
accepted diagnosis protocol would enhance accuracy and comparability across research and clinical settings, as observed 
in the descriptive review.
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Introduction

Type 1 diabetes mellitus (T1DM) is an autoimmune condi-
tion which results in the loss of pancreatic beta cells. This 
leads to dependency of the person on exogenous insulin 
therapy. The peak age for T1DM diagnosis is 5-9yrs and 
10-14yrs with the prevalence increasing among young indi-
viduals [1, 1–5]. People with recently diagnosed T1DM 

generally have a lower body mass index; however, obesity 
rates has risen in this population [6]. Notably, metabolic 
syndrome (MetS) and insulin resistance (IR) can also be 
observed in lean individuals with T1DM [7–9]. MetS and 
IR are the risk factors for cardiovascular diseases (CVD). 
Therefore, diagnosis and management of MetS and IR are 
crucial for the prevention of cardio metabolic risks.

The prevalence of MetS in people with T1DM is sug-
gested to be 23.7% and is increasing [10, 11]. The diag-
nosis of MetS is based on three different criteria that are 
laid down by the World health Organization (WHO), the 
National Cholesterol Education Programme Adult Treatment 
Panel III (NCEP ATP III), and the International Diabetes 
Federation (IDF) [12]. These criteria are based on anthro-
pometric measurements such as waist circumference (WC), 
hypertension (HTN) and biochemical parameters such as the 
lipid profile (Table 1).
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Most of the cut-offs for the diagnosis of MetS are devel-
oped for the adult population [15–17]. These parameters 
are modified only by changing the threshold for use in pae-
diatric population. Along with MetS, the prevalence of IR 
in children with T1DM termed as double diabetes is also 
risen in children [18–22].The term double diabetes has been 
used to refer to individuals with T1DM who are overweight, 
have family history of diabetes, and have clinical features of 
insulin resistance [18]. Factors such as food habits, reduced 
physical activity, gender, age, and genetic predisposition 
may contribute to the development of IR in children with 
T1DM [23, 24]. Presence of IR in children with T1DM 
increases the risk of development of various macro and 
microvascular complications [25]. Hence, the diagnosis of 
IR may help clinicians to implement preventive measures or 
add an adjuvant therapy.

The diagnosis of IR in Type 2 diabetes (T2DM) depends 
on measurement of fasting insulin levels which are negligi-
ble in T1DM. Therefore, the indices used for the diagnosis 
of IR in T2DM have little use in T1DM. The gold standard 
method for the diagnosis of IR in children with T1DM is 

the Hyperinsulinemia Euglycemic Clamp (HEC) in which 
the glucose concentration is maintained by variable infu-
sion of exogenous glucose and insulin [26]. However, the 
HEC technique is expensive, and space and time consum-
ing. Therefore, various alternate methods have been devel-
oped for the diagnosis of IR that rely on indirect markers 
such as estimated glucose disposal rate (eGDR) [27–30], 
Insulin Sensitivity Score (ISS) [31] and, insulin sensitiv-
ity equation (eIS) [32] provided by Epidemiology of Dia-
betes Complications (EDC), Search for diabetes in youth 
(SEARCH), and Coronary Artery Calcification in T1DM 
(CACTI) respectively (Table 2).

The indices for IR in T1DM have been validated by 
direct comparison with HEC [8, 31, 35, 36]. There are no 
threshold or cut-offs provided for these indices. However, 
many authors have provided cohort based thresholds. Most 
of these studies include adults with T1DM (Supplemen-
tary Table 1) [37–41]. The exogenous insulin adminis-
tration and pubertal age may interfere with the existing 
parameters of MetS and IR. Therefore, a systematic review 
and meta-analysis is needed for both these conditions.

Table 1   Diagnostic criteria for metabolic syndrome according to different organization

WHR waist to hip ratio, HDL High Density Lipoprotein, BP Blood Pressure, BMI Body Mass Index, Rx on drugs of management for the condi-
tion

Criteria laid by Components of MetS Cut-offs for adults

WHO (1998) [13] Insulin resistance (by impaired fasting glucose (FG) or 
impaired glucose tolerance (IGT) or Hyperinsulinemic 
Euglycaemic Clamp (HEC)) with (any 2 of the following: 
obesity, dyslipidemia, high systolic, high diastolic blood 
pressure, increased urine microalbumiuria)

FG > 100 mg/dl, IGT > 140 mg/dl 120 min after ingestion of 
75 g of glucose, WHR: ≥ 0.90(M), 0.85(F) or BMI ≥ 30 kg/
m2, TG ≥ 150 mg/dl or HDL-C ≤ 35 mg/dl(M), 39 mg/
dl(F), BP ≥ 160/90 mmHg, Urinary albumin excretion of 
20 µg/min or albumin-to-creatinine ratio of 30 mg/g

NCEP ATP III 
(2005 revised) 
[12]

Any 3 of five: Obesity, Hyperglycemia, dyslipidemia, high 
systolic or high diastolic BP

Waist circumference: ≥ 40 inches (M), ≥ 35 inches (F), 
Fasting glucose ≥ 100 mg/dl or Rx, TG ≥ 150 mg/dl or Rx, 
HDL cholesterol ≤ 40 mg/dl (M), ≤ 50 mg/dl (F); or Rx, 
HTN ≥ 130 mmHg systolic or ≥ 85 diastolic or Rx

IDF(2007) [14] Central obesity (by waist circumference) with (2 of the four 
criteria: FG, TG, HDL, BP)

*If BMI > 30 kg/m2 central obesity can be assumed

Waist circumference: ≥ 94 cm(M), ≥ 80 cm(F), FG ≥ 100 mg/
dl, TG ≥ 150 mg/dl, HDL ≤ 40 mg/dl(M), ≤ 50 mg/dl(F), 
BP ≥ 130 mmHg or ≥ 85 mmHg diastolic or Rx

Table 2  Indices provided for calculation of insulin resistance in Type 1 diabetes

EDC Epidemiology of Diabetes Complications, SEARCH SEARCH for Diabetes in Youth, CACTI Coronary Artery Calcification in T1DM, 
eGDR estimated glucose disposal rate, IS insulin sensitivity score, eIS estimated insulin sensitivity, WHR waist to hip ratio, TG Triglycerides, 
DBP Diastolic Blood Pressure

Groups Equations Target population

IDF (2007) [33] eGDR = 24.31–12.22 × (WHR)-3.29 × (HTN)- 
 0.57 × (A1C[%])

Adult participants with T1DM (compared with HEC)

SEARCH (2011) [8, 31, 34] IS scores = Exp(4.64725–0.02032(waist[cm])- 
 0.09779(HbA1c[%])-0.00235(TG[mg/dlL]))

Adolescence participants with T1DM, T2DM and 
with no diabetes (compared with HEC)

CACTI (2011) [35] eIS = Exp(4.1075–0.01299 × (waist[cm])-1.05819 × (insulin  
 dose)-0.00354 × (TG[mg/dL)-0.00802 × (DBP[mmHg]))

Adult participant with T1DM (compared with HEC)
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Methods

This is an exploratory meta-analysis and follows the 
PRISMA (Preferred Reporting of Systematic Review and 
Meta-analysis) guidelines.

Search strategy, and Inclusion and exclusion 
criteria

Two authors independently searched for the relevant key-
words in three databases (PubMed, SCOPUS, Web of Sci-
ence) for identification of research articles related to MetS 
and IR in children, adolescents, and young adults with 
T1DM. The search was performed till May 5, 2023. The 
articles were from 1982 to 2023. The search for the relevant 
keywords was as follows.

((("Type 1 Diabetes" OR "IDDM" OR "insulin dependent 
diabetes" OR "T1DM") AND ("insulin resistance" OR "IR" 
OR "Metabolic syndrome" OR "MetS" OR "insulin sensitiv-
ity" OR "IS")) AND ("Molecular markers" OR "markers" 
OR "Biological markers" OR "Clinical markers" OR "gene 
expression markers")) AND ("Paediatric" OR "child" OR 
"children" OR "adolescent" OR "adolescence" OR "young 
adult").

The search was limited to peer reviewed English articles. 
Only original research articles were included for this review. 
Studies that had type 1 diabetes population with the age 
group < 25yrs were retained. The studies were then imported 
to a Rayyan software for screening and removal of duplicates 
[42]. Studies using animal models, cell lines, and organ tis-
sue samples were excluded. Studies including children with 
complications associated with diabetes and on medication 
other than insulin therapy were excluded.

Selection of studies and data extraction

We segregated the studies based on presence or absence 
of MetS and IR in the T1DM population. The studies that 
provide markers for such conditions, either standard (insu-
lin dose, eGDR for IR, IDF criteria for MetS) or surrogate 
(body mass index: BMI, WC etc.), were included in this 
review. Meta-analysis was performed only if multiple studies 
with similar parameters were available. Other studies were 
utilized for descriptive review. Parameters such as duration 
of diabetes, insulin dosage, HbA1c, and lipid profile were 
assessed in each study. The sample size, mean, and standard 
deviation (sd) for each parameter were recorded accordingly. 
If median and interquartile range were provided they were 
converted to estimated mean and variance depending on 

sample size [43]. Author names, publication year, ethnicity, 
and gender details of the population were also recorded for 
the studies that were part of the systematic review (Table 3).

Statistical analysis and evaluation

Meta-analysis was performed when two or more studies 
reported mean, standard deviation, and sample size. Meta-
phor package was applied for the analysis [69]. Standard 
Mean Difference (SMD) was calculated using R (version 
4.1.1). We calculated the effect size (ES) in terms of hedges 
g that corrects for the sample size providing unbiased 
adjusted ES. Random effects model (REM) was used for 
quantitative meta-analysis. A forest plot was used to visual-
ize summary of results [70]. Chi-squared test was used to 
measure heterogeneity (p val < 0.1). The I2 statistic was used 
to estimate if the heterogeneity was considerable (I2 > 40%) 
[71]. The strength of relationship between parameters and 
traits was estimated based on the effect size (0–0.2: no 
effect; 0.2–0.5: small; 0.5–0.8: moderate; 0.8–1: large; > 1: 
very large effect) [72].

Assessment of Sensitivity and publication 
bias

Funnel plots were used for visualization of publication bias 
[73]. The pooled results were analysed for their sensitivity 
by sequential removal of individual studies and their effect 
on heterogeneity.

Results

Identification of studies for diagnostic markers 
of MetS and IR

We identified 67 research articles on PubMed, 930 on SCO-
PUS, and 88 on Web of Science by searching keywords in 
titles and abstracts. After applying the filters for language 
and exclusion criteria, 66, 739, and 86 articles were retained. 
Manual search provided 3 additional studies. These arti-
cles were then imported in Rayyan [42]. In this software 
78 duplicate articles were removed and 816 unique origi-
nal research articles were retained. Based on the screening 
of abstracts and titles, 743 articles were omitted. Full text 
scrutiny identified 73 research articles, and 30 research arti-
cles were retained based on inclusion and exclusion criteria 
(Fig. 1).

The general nature of these research articles is mentioned 
in Table 3. All were observational studies with a cross-sec-
tional or longitudinal design. The data in the studies was 
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either prospectively collected or used retrospectively from 
registries and hospitals.

Qualitative summary and characteristics of studies

As mentioned earlier, we limited our search to observational 
studies. There were a total of 30 studies with standard and 
surrogate markers of MetS and IR in T1DM. 12 studies were 
based on case–control and 18 studies were cohort based. Six 
studies provided novel markers for IR whereas, 24 studies 
used existing parameters for IR and MetS. Information about 
ethnicity was not available for 15 studies (Table 3). Five of 
the 30 studies compared children with T1DM with children 
whereas, another 5 studies compared children with T1DM to 
children with T2DM. Four studies assessed MetS in children 
with T1DM by grouping them according to IDF criteria. The 
grouping of studies for IR was difficult as only two studies 
have classified the children with T1DM on the basis of IR 
indices (eGDR) [45, 65] (Table 4).

Assessment of markers for MetS in T1DM  Four studies out of 
thirty have grouped T1DM children as being MetS positive 

and MetS negative (Table 4). The parameters such as units 
of insulin, HbA1c, WC and lipid profile were selected for 
our meta-analysis. Summary statistics for fasting glucose 
and hypertension were not available.

Random Effect Model (REM) was used where, WC 
(d = 1.34, [95% CI: 0.79–1.90]) and TG (d = 0.85, [95% 
CI: 0.14–1.55]) showed significantly large effect size 
whereas, HbA1c (d = 0.75, [95% CI: −0.20–1.71]), and 
LDL (d = 0.73, [95% CI: 0.15–1.32]) showed a moderate 
effect on MetS. The effect size was significant for LDL but 
not for HbA1c. On the other hand, HDL (d = 0.37, [95% CI: 
−0.65–−0.10]) showed a significantly small negative effect. 
Units of insulin dosage (d = 0.17, [95% CI: −0.06–0.4]) also 
showed no significant effect on MetS (Fig. 2).

Assessment of publication bias

No heterogeneity was observed for insulin dose and HDL, 
however; a heterogeneity was observed for HbA1c, LDL, 
TG, and WC in the identified datasets (Fig. 2). Since, the 
latter showed a significant heterogeneity, we decided to 

Fig. 1   PRISMA flow diagram 
for illustration of the identifi-
cation and screening process. 
Search terms were used to 
compile the results in different 
databases and imported together 
in software Rayyan for dupli-
cates removal and screening
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assess the publication bias. A funnel plot analysis was per-
formed for all the markers mentioned above (Supplementary 
Fig. 1). HDL and the units of insulin did not show any out-
liers. The publication bias was assessed for the remaining 
parameters such as HbA1c, WC, TG, and LDL by sequential 
removal of each study. The study by Monika Grabia et al. 
2022 strongly contributed to the heterogeneity for HbA1c, 
TG, and LDL. Removal of this dataset removed the hetero-
geneity and improved the effect size of TG (from 0.85 to 
1.18) and LDL (from 0.73 to 1). The effect size of HbA1c 
(from 0.75 to 0.32) on the other hand, reduced. In case of 
WC, strong heterogeneity was contributed by the study by 
Soliman et al. 2019. Removal of this dataset improved the 
effect size of WC (from 1.34 to 1.63). The possible sources 
of heterogeneity are discussed later. In summary, TG, LDL, 
and WC seem to have a significantly large effect on MetS 
(Supplementary Fig. 2).

Assessment of markers for IR in T1DM  Out of the 30 stud-
ies, only two studies had grouped the participants based on 
presence or absence of IR [45, 65]. In both these studies 
the measurement of IR was performed by using eGDR. 
However, Nisthala et al., 2020, divided the children hav-
ing T1DM by eGDRBMI and the association of eGDRBMI 
with different clinical parameters was observed. The study 

suggested that the population in lower quartiles of eGDRBMI 
had significantly higher levels of total cholesterol and tri-
glycerides. Dabelea et  al., 2011 attempted to segregate 
the population of children with T1DM and T2DM based 
on eGDR. The study found stronger association of IR in 
children with T2DM than in T1DM. The parameters to 
calculate eGDR and the study design were not consistent 
between these two studies (Table 4). As a result, we provide 
a descriptive review of other markers for IR. Some of the 
markers that include Volume of Oxygen uptake during peak 
exercise (VO2peak), Free Fatty Acid (FFA), Leptin, cIMT 
(carotid intima media thickness), have been validated using 
HEC. A few others markers have been validated using indi-
ces such as eGDR, SEARCH, and CACTI (Table 3).

Quantitative markers frequently used by clinicians include 
measurement of insulin dosage in combination with HbA1c 
[46], central obesity [54], and body fat [8]. Along with 
HbA1c, family history for T2DM is an important param-
eter. Central obesity measured by waist to height ratio > 0.5 
and BMI > 95 percentile are also suggested parameters for 
IR [60]. Body fat estimated by thickness of triceps and sub-
scapular skin fold have been used to predict body fat [8]. A 
qualitative marker: acanthosis nigricans is also used as an 
indicator of IR; however, it is more related to obesity than 
IR [45, 52, 53, 55].

Fig. 2   Comparison between parameters of metabolic positive and metabolic negative groups of type 1 diabetes. (a) Insulin dosage, (b)HbA1c, 
(c)waist circumference, (d)Triglycerides, (e) High density lipoprotein, (f) Low density lipoprotein
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Some of the novel quantitative markers such as adiponec-
tin, leptin, fetuin A, and kisspeptin are being investigated for 
the assessment of IR. A longitudinal study in T1DM children 
suggested that levels of adiponectin, (a hormone produced by 
adipocytes with a role in insulin sensitization) were strongly 
related to WC and insulin dose in 20 yr old adults with T1DM 
[59]. Adiponectin and leptin (another hormone produced 
by adipose tissue involved in maintenance of normal body 
weight), both have been studied in association with IR [48]. 
It has recently been suggested that leptin may act as a poten-
tial biomarker for the detection of IR in T2DM. In case of 
T1DM, the association of leptin with IR is not very well stud-
ied. However, a few reports suggest that fluctuations in leptin 
levels are observed in children and adolescents with T1DM 
[48, 62]. Increase in fetuin A, a hepatokine and an adipokine, is 
associated with IR and obesity. In T1DM, this association was 
limited to glycemic levels and as a risk predictor for complica-
tions of diabetes. Further studies to assess the role of fetuin A 
in IR are needed. Another hormone, Kisspeptin (produced in 
the hypothalamus) inversely associates with adiponectin levels 
and in turn, to insulin sensitivity [75]. However, the associa-
tion was only studied in reproductive age female population. 
Further studies will be required to conclude kisspeptin as a 
marker for IR. Two studies have shown an association of IR 
markers (increased insulin dose, increased BMI and, increased 
Dehydroepiandrosterone sulphate (DHEAS) with increased 
micro-albuminuria [54, 58]. The DHEAS is a precursor for sex 
hormones and is known to act as an insulin sensitizer. VO2peak 
which is a measure of cardiovascular and skeletal muscle oxi-
dative function shows a significant moderate positive correla-
tion with HEC (reduced GDR by HEC indicate IR) [44].

Other less studied novel indicators include carbohydrate 
(CHO) oxidation and Delta 6 desaturase (D6D) activity. The 
CHO oxidation which estimates the capacity to oxidise a 
meal in the form of differential 13C/12C enrichment in the 
expired air using flow isotope mass spectrometry, has been 
associated with IR. The CHO oxidation showed a moderate 
correlation with eGDR in T1DM [64]. A high activity of 
D6D, a rate limiting enzyme in production of long chain 
Poly Unsaturated Fatty Acids (PUFA) has been associated 
with decreased insulin sensitivity therefore, increased activ-
ity of D6D has been suggested to be a strong marker for IR 
in T1DM adolescents [66] and non-diabetic adults [76]. All 
the novel quantitative markers are still under investigation 
and are not part of routine clinical applications.

Discussion

Metabolic syndrome (MetS) and Insulin resistance (IR) in 
combination and independently can be the risk factors for 
CVD. Usually surrogate markers are used for the diagnosis 

of MetS and IR in children with T1DM. We performed a 
systematic review and a meta-analysis to study the effect 
size of the parameters for the diagnosis of MetS in chil-
dren with T1DM. Participants with T1DM aged < 25yrs 
were included due to the lack of experimental evidence 
for the cutoffs in this age group. To focus specifically on 
metabolic syndrome, we excluded participants with com-
plications related to T1DM or those taking medication 
other than insulin therapy. Inconsistency in measurement 
methods made it challenging to perform a similar meta-
analysis for IR (Table 4).

In our meta-analysis, insulin dosage and HbA1c showed 
low effect size suggesting that the MetS appears independ-
ent of glycemic condition in children with T1DM (Fig. 2a, 
b). WC was strongly associated (with large effect size) 
with MetS in T1DM (Fig. 2c). Since, all four studies made 
use of the IDF criteria which require central obesity as a 
mandatory component for the assessment of MetS, this 
association was expected. However, this association was 
observed with a considerable heterogeneity that was con-
tributed by Soliman et al. (2019). The study cohort was 
from Egypt and the population has been shown to have a 
different cut-off for WC for obesity [77]. Removal of this 
study removed the heterogeneity and increased the effect 
size (Supplementary Fig. 2). Our results fall in line with 
previous studies where WC predicted MetS in adults with 
T1DM [78] and was significantly associated with MetS in 
children who did not have diabetes [79].

Increased TG and LDL were also associated (large and 
moderate effect size respectively) with MetS in children 
with T1DM (Fig. 2f). The source heterogeneity contrib-
uted to this association may have been from the attempt to 
convert median and interquartile range provided by Mon-
ika Grabia et al. (2021) to mean and standard deviation 
[43]. The omission of this study did not alter the effect size 
for TG whereas, effect size for LDL improved from mod-
erate to large (Supplementary Fig. 2). TG are already a 
part of IDF criteria and together with WC provide a better 
diagnostic efficiency for MetS [80]. Considering that LDL 
is not a part of the IDF criteria for MetS, the strong asso-
ciation of LDL with MetS is noteworthy. Increased LDL 
is suggested to be a risk factor for CVD [81]. Significantly 
increased LDL was observed in children who do not have 
diabetes but, had predisposition to MetS [82]. Moreover, 
reduction in LDL levels are suggested as a treatment strat-
egy by the IDF [83]. This reflects the significance of LDL 
in MetS. Therefore, increased LDL can be used as one of 
the parameters to screen for MetS in children with T1DM. 
However, LDL alone might be an insufficient indicator 
and may thus be used along with other parameters in the 
assessment of MetS [84]. HDL is one of the parameters 
proposed by the IDF, WHO, and NCEP III to screen MetS. 
HDL is known to have a negative association with MetS 
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which was reflected in our analysis. All datasets showed 
homogeneity for HDL; however, the cumulative effect 
size of HDL was moderate. Other than lipid profile, some 
inflammatory markers such as adiponectin and leptin are 
under investigation for their association with cardiometa-
bolic risk in children with MetS [68].

For IR, we came across only two studies where young 
people having T1DM were classified based on presence or 
absence of IR. Diverse designs and varying parameters to test 
IR made the compilation of studies difficult. We came across 
a large number of non-invasive and invasive parameters used 
to assess IR in T1DM. Most of them are quantitative in nature 
(Supplementary Table 2). Routinely used quantitative meas-
ures include BMI and waist-to-height ratio. Increased BMI 
was one of the components for IR detection. However, with 
recent observations of IR in lean children with T1DM [46], 
it has become evident that people especially of Asian ethnic-
ity may follow a ‘thin fat’ phenotype with low normal BMI, 
and high percent fat [55]. Therefore, waist-to-height ratio 
may be a better marker than BMI for IR detection. Increased 
dose of insulin is observed in children having T1DM with 
IR. Insulin dosage may vary depending on the meal type, 
physical activity etc. Thus, insulin dose may not represent 
the accurate status of IR in children with T1DM. A qualita-
tive marker-Acanthosis Nigricans (AN) may be observed as a 
result of abnormal proliferation of keratinocytes due to exces-
sive binding of insulin to insulin like growth factor receptor 
rather than insulin receptor [85]. Acanthosis is observed to 
be associated with obesity more than IR.

Among the novel markers, breath test and cIMT offer 
least invasive methods for detection of IR. The breath test 
assesses the capacity to oxidize exogenous carbohydrates 
which directly correlate with eGDR and ISS significantly. 
This is presented by enriched C12/13 in expired breath [64]. 
This method being non-invasive can be more applicable to 
large paediatric cohorts. The cIMT (carotid intima media 
thickness), an early sign of atherosclerosis correlates mod-
erately with insulin sensitivity is not a direct measure for 
IR. Its use in assessing the cardiovascular risk is limited. 
Moreover, the test is expensive and difficult to add in to a 
routine check-up.

Investigations of hormones involved in the pathogenesis 
of IR could provide valuable insights. Most of these hor-
mones are novel and under investigation. These hormones 
actively participate in metabolic regulation and include adi-
ponectin, leptin, fetuin A, kisspeptin etc. Adiponectin an 
insulin sensitizer produced by adipose tissue, involved in 
regulation of gluconeogenesis is suggested to be reduced in 
participants with T1DM [48] (Table 3). Adiponectin showed 
a strong discriminatory power for detection of IR in adoles-
cents who did not have diabetes [86, 87]. Leptin, an appe-
tite suppressing hormone, plays a role in energy balance by 
reducing energy uptake and increasing energy expenditure. 

Similar to adiponectin, leptin it is produced by white adipose 
tissues and shows negative correlation with insulin sensitiv-
ity. The evaluation of the ratio of both these hormones has 
been limited in adolescents who do not have diabetes [88]. 
Fetuin A, an inhibitor of insulin receptor tyrosine kinase 
activity is a suggested marker for IR in adolescents with no 
signs of diabetes [89]. Kisspeptin was observed to be higher 
in people with IR [75]. All these hormones lack assessment 
of their role as marker in children with T1DM and valida-
tion against HEC. An understanding of the pattern of these 
hormones with respect to IR provides a window for develop-
ment of novel indices for the diagnosis of IR.

Other markers that are least understood and are under 
investigation include reduced D6D activity. Erythrocyte 
D6D activity has been suggested to be a strong marker of IR 
in T1DM [66]. D6D is a desaturase enzyme that introduces a 
double bond in a specific position of long chain fatty acids. 
Reduced activity of D6D can interfere with the fatty acid 
composition. The detailed explanation of this reduced activ-
ity is beyond the scope of our review. However, to consider 
D6D as an IR marker, more detailed studies are required.

Strengths and limitations of the study

To the best of our knowledge, this is the first systematic 
review and meta-analysis for assessment of surrogate mark-
ers for MetS and a systematic review for IR in children 
with T1DM. However, for the IR, the studies are reported 
in different forms of indices which made it difficult for us 
to compile them for the assessment of IR markers. Also, 
this systematic review could not assess the effect of age and 
pubertal status on the accuracy of markers of MetS and IR. 
The number of studies available for meta-analysis are very 
small hence, with increasing reports there are chances that 
the results may improve in future.

Conclusion

From the results it can be concluded that in the children with 
T1DM, markers of glycemic levels are not associated with 
MetS. Other than TG and HDL, LDL may also be consid-
ered in the diagnostic criteria for MetS. A combination of 
WC and TG may increase the efficacy of MetS diagnosis in 
paediatric population living with T1DM. Many novel mark-
ers currently under investigation for the diagnosis of IR need 
evaluation against HEC. These markers may be used in com-
bination to increase the accuracy of IR diagnosis.
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