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Abstract: Background: This study aimed to identify the prominent risk factors that may trigger danger signals 

of early onset of vascular deregulation in T1D. The risk factors we have identified may serve as dual-purpose 

biomarkers of rapid diagnosis that offer prospective tailor-made resolution therapeutics. Methods: The healthy 

control (HC) was compared with individuals diagnosed with T1D for the risk factors of vascular deregulation 

in published research studies from year 2013 to 2023. The PubMed, Web of Science and Google Scholar 

databases were searched from 1/1/2013 to 1/9/2023. The risk of bias was assessed with the Cochrane (ROBINS-

I ) tool, which is relevant to clinical subjects. A random effect model for continuous data was followed and 

analysed by RevMan 5.4 and GraphPad Prism software. Results: 80 relevant case-control studies having 5293 

HC and 7492 T1D patients were included. The age and sex-matched HC consisted of persons free of disease 

and not under any medication while clinical subjects of all age groups were included. 28 risk factors were 

grouped into six primary outcome models, all of which favoured the T1D synonymous with a high risk of CV. 

Conclusions: Our findings have strong implications for improving the quality of life and health economics 

related to vascular disease in T1D. HbA1c% is the most effective biomarker, followed by FBG, LDL-C, and AI%, 

which the clinicians could evaluate using a simple blood test or non-invasive techniques. (Protocol registered 

at https://www.crd.york.ac.uk/prospero/ CRD42022384636). 

Keywords: Diabetes mellitus; Type-1 diabetes; Risk factors; Biomarkers; Therapeutic targets; Meta-

analysis 

 

Highlights 

 Six major biomarkers have been identified as potential diagnostic surrogates that could indicate 

the onset of diabetes-induced ED in persons under the age of 40 years. 

 They consist of HbA1c%, FBG, LDL-c, AI%, sICAM-1, and FMD% which could be measured 

with a simple blood test or non-invasive techniques. 

 These markers are particularly important for the children, adolescents, young adults, and 

clinicians who find managing diabetes a very challenging and arduous task.  

 These markers should be regularly tested in the clinic as routine investigative metabolic 

checkpoints that will reveal the health status of the younger population which is vitally 

important for their wellbeing.  
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Graphical Abstract 

 

1. Introduction 

1.1. Diabetes 

Diabetes is a chronic metabolic disorder which is caused by inadequate insulin production  that 

results in impaired glucose homeostasis [1]. A high fasting blood glucose level above 5.5 mmol/L 

determines the level of diabetes risk [2], which delineates pre- diabetes, type 1 diabetes (T1D), type-

2 diabetes (T2D), gestational diabetes, and monogenic diabetes  [3] that comprise of a global 

population that varies substantially within the  age groups [4]. T1D, or insulin-dependent Diabetes 

mellitus is the focus of this study, which can affect individuals from as young as 2 months old to 

young adults up to 40 years of age [5]. Unlike in the mature adult population, the management of 

diabetes in children is very challenging owing to its many epigenetic risk factors that could originate 

from physiological, behavioural, immunological causatives and genetic pre-disposition which 

increase the complexity of the disease [6]. T1D is an autoimmune disease in which pancreatic beta 

cells are destroyed by the immune system, failing to recognize the beta cells in the islets of 

Langerhans as self[7]. High glucose levels in free circulation requires either bolus or regular injectable 

insulin or an insulin pump for the sustenance of normoglycaemia [8] which if unmanaged, also 

inflicts wide-spread organs damage that manifests as diabetic nephropathy, neuropathy, retinopathy, 

and cardiovascular disease (CVD) [9].  

1.2. T1D 

T1D has its highest prevalence in the very low age brackets such as infants up to young adults. 

When diagnosed with T1D at a very small age, administering insulin therapy and diabetic treatment 

becomes difficult. When vascular dysfunction sets in, with an overload of medication the life 

expectancy in such patients is shortened . In most of these young patients, diagnosis is delayed or 
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missed out until late, which leads to early mortality [10]. Hence accurate and timely diagnosis 

necessitates the establishment of the modifiable risk factors serving dual purposes: early detection 

and early initiation of targeted therapy.  

As per the statistical estimates of the international diabetes federation (IDF), 537 million people 

within the age range of 20-79 were diagnosed with T1D in the year 2022, and the majority of the 

patients were reported from low and middle-income countries worldwide (Figure 1) [11]. The 

projected estimates for the years 2030 and 2045 are 643 million patients and 784 million patients, 

respectively, which is in 7 years- time. The global health expenditure on diabetes in the year 2021 was 

estimated at US dollar 966 billion which is a massive 316% increase from the last 15 years[12].   

Further, 9 million patients were diagnosed with T1D in the year 2022 worldwide, of which most were 

children and young adults, although newer reports have shown that the persons of all age groups 

could develop T1D   . According to the T1D index, 8.75 million people worldwide live with T1D, 

and 182,000 deaths occur from it every year[13] . These patients require easy access to education, 

therapeutics, and supplies in order to administer self-care as well as prompt and timely screening of 

the blood glucose level and other risk-associated parameters to control the disease, prevent severe 

complications, maintain the quality of life, and prolong their lifespan [12].  

 

Figure 1. The life expectancy of T1D when diagnosed at 10 years of age by the continents in the year 

2022, which are the latest statistics documented by the International Diabetes Federation. The worst-

affected continent is Africa and the South-East Asia (Courtesy of IDF Atlas Reports, 2022). 

1.3. CVD 

CVD comprises of a group of diseases of the heart and blood vessels and is the major cause of 

mortality in diabetic patients [14]. Vascular disease is a serious complication associated with T1D that 

causes morbidity and mortality very early in life and those who succumb to it are mostly adolescents 

and young adults [13] . The link between diabetes and CVD arises from chronic hyperglycaemia 

which impairs antioxidant mechanisms and  produces excess toxic oxygen metabolites from 

modifications in the macromolecular structures leading to oxidative stress [15]. A common 

mechanism of vascular dysfunction is insufficient release of endothelial nitric oxide (NO) which 
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maintains the normal vasoconstriction function, but chronic hyperglycaemia influences its 

progressive decrease and thereby initiates arterial stiffness [16]. Declining NO induces an imbalance 

between athero-protective and atherogenic properties of the endothelium, which impairs the 

regulation of vasoconstrictor inhibitors and pro-inflammatory substances[17]. Arterial stiffness is a 

prominent characteristic of T1D, which correlates with lower brachial artery distensibility [18], 

carotid intima media thickness [19], higher pulse wave velocity and augmentation index (A175) 

percent [20,21]. Studies have shown that the evaluation of these parameters could lead to an early, 

more accurate prognosis and initiation of intensive treatment particularly in adolescents and young 

adults with T1D as they bear a higher CVD risk at a fairly young age [22].  

1.4. Risk Factors 

According to the American Heart Association, the multiple risk factors of CVD are named core 

health behaviours (including diet, smoking, physical exercise, and body weight) and health factors 

(including hypertension, hyperglycaemia and hypercholesteremia) [23]. The aim of this analysis was 

to identify the strongest and most reliable of the functional biomarkers of vascular deregulation in 

T1D which could be used in clinical practice for early detection of vascular pathology. In total, 28 

prospective biomarkers were evaluated using data from 80 case-control primary research studies 

published in the last decade on T1D subjects within the age group of 7 to 40 years.  

1.5. Research Question 

The PICOS evaluation question in this study was "Which risk factors aggravate the development 

of vascular stress, leading to an early onset of vascular disease or CVD in children and young adults 

diagnosed with type-1 diabetes?" The study population comprised of children and young adults 

(ranging in age from 1 to 40 years) diagnosed with T1D. The intervention is evaluating the risk factors 

determining the onset of vascular disease. The comparators were healthy children and young adults 

versus children and young adults diagnosed with T1D. The outcome is the development of vascular 

stress leading to an early onset of vascular disease. The study design consists of primary case-control 

baseline studies published in the past decade from 2013 to 2023. 

2. Methods   

2.1. Eligibility Criteria for Considering Studies for This Meta-Analysis  

Only clinical case-control studies of patients diagnosed with T1D are compared with age and 

sex-matched healthy control subjects with a disease duration of 1 to 25 years over which they had 

been on insulin treatment. The median age of the study population was 10 years in children, 20 in 

adolescents and 30 in the adults. The dose and the mode of insulin delivery was not considered 

although all the confirmed T1D patients had an HbA1c% above 6.5% [24]. 

The inclusion criteria for the participants were being children, young adults, and adults of 1-40 

years of age. The intervention group consist of individuals diagnosed with and currently undergoing 

treatment for T1D, encompass both genders, and each eligible study must have a minimum of 3 

participants. The control group should comprise of healthy individuals who do not have T1D or any 

other medical conditions, must be within 1-40 years old and should not be receiving treatment for 

any disease condition. The control group must be non-smokers, and not consume alcohol, fast food, 

or an unsuitable diet, and not be genetically predisposed to diabetes or endothelial stress. The control 

group could be treated with a placebo, must not be socioeconomically disadvantaged and must not 

be migrants.  

The intervention is evaluating endothelial stress in the setting of T1D. Its prime risk factors are 

hypertension, hyperglycaemia, genetic predisposition, age, lifestyle, and disease conditions (CVD, 

dyslipidaemia, autoimmune and immunocompromised) subgroups in the setting of T1D. 

Pharmacological stimuli include intra-arterial infusion of endothelium-dependent vasodilators such 

as acetylcholine (Ach), bradykinin, or serotonin, via the release of NO and/or other endothelium-

derived vasoactive substances.  The widely used diagnostic method was flow-mediated dilation 
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(FMD) of the brachial artery. Only endothelium-dependent responses were included. The exclusion 

criteria were other CVD except for vascular dysfunction, endothelial stress caused by diseases other 

than T1D, endothelial stress stimulated by endothelium-independent mechanisms and endothelial 

damage in people above the age of 40 years. 

The inclusion criteria for screening of articles included only peer-reviewed and published, full-

text research articles with a DOI, including only children and young adults in the age bracket of 1-40 

years, diagnosed with only T1D, and receiving treatment only for TID. Further, research studies 

performed on endothelial stress or injury involving the risk factors of vascular dysfunction were 

included in this review. The studies that had evaluated vascular dysfunction by the method described 

above and published within the last decade-inclusive of years 2013 and 2023 having a clear conclusion 

and a significant outcome were included. No country restrictions were introduced. 

2.2. Types of Outcome Measures  

There are six primary outcomes that were evaluated with no secondary outcomes. The six 

primary outcomes were grouped into six models and analysed in a meta-analysis between the control 

and treatment/intervention groups to identify which model comprised of the strongest risk factors 

for developing T1D-induced CVD. The models comprised of (i) blood pressure -SBP, DBP, MAP , 

eGFR (ii) glycaemic -FBG, HbA1C%  (iii) lipidemic -TC, TG, HDL-C, LDL-C, APO A, APO B (iv) 

vascular function – sICAM-1, sVCAM-1, SE-Selectin, FMD%, CIMT, PWV, AI%@75 (v) inflammatory 

– CRP, IL-6, TNF-A, ALT, AST, GGT (vi) obesity-related – BMI, BW, HT, Age markers. 

2.3. Search Methods for Identification of Studies   

The PRISMA and the Cochrane collaboration guidelines applicable to meta-analyses of diseased 

subjects (Figure 2) were adhered to in conducting the search and extracting data for this study. The 

meta-analysis was registered at the PROSPERO register in January 2023 (Available from: 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022384636). The PubMed, Web 

of Science (WOS) and Google Scholar (grey literature) electronic databases were searched from 2013 

January to September  2023 using MeSH and Boolean terms (type 1 diabetes OR vascular 

dysfunction AND clinical studies OR T1D AND endothelial dysfunction OR T1D AND vascular 

disease AND clinical studies. The first author conducted the search, identification, and screening of 

the manuscripts while another author independently repeated the screening and selecting the studies 

as per the eligibility criteria.  
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Figure 2. A modified version of the PRISMA flowchart of year 2020 used for reporting the included 

studies (Adopted from the Cochrane Collaboration. Org). 

2.4. Data Collection and Analysis   

The first author conducted a thorough review of the full text articles identified in the database 

searches and extracted the data, as per the pre-specified inclusion criteria defined. The basic 

characteristics of the included studies are defined in Table 1. The statistical analysis of the data was 

carried out by creating a forest plot, Z -score, parametric paired student t-test, estimation plots, chi-

squared distribution, the I2 metric for each of the primary outcomes that were evaluated. The 

identification of the strongest risk factors was based on the effect size of each risk factor that was 

evaluated.  

Table 1. Study Characteristics comprising of the year of study, name of first author, number of 

participants by gender, duration of T1D and the mean age. 

        Reports excluded with reason: (n=236) 

Out of format / different data 

 

Reports not retrieved  (n =10) 

(Authors not responded) 

Records screened 

(n =566) 

Records excluded (n=240) 

[No healthy control (n=150), Age>40 (n=72), In vitro 

studies(n=18)]  

Identification of studies via databases and registers 
S

c
re

e
n

in
g

 

Records identified from  

Databases  

PubMed (n=81) 

WOS (n=728)  

Google Scholar (n=930) 

Total: (n = 1739) 

Records removed  before screening 

Duplicate records removed  (n =21 ) 

 

Records removed for incompatibility. 

(Reviews, T2D, Published before 2013, Animal studies, 

Book chapters)  (n= 1152) 

Studies included in Meta-analysis. 

(n = 80) 

In
c

lu
d

e
d

 
Id

e
n

ti
fi

c
a

ti
o

n
 

Reports sought for retrieval. 

(n =326) 
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# Year  

 

First Author Number  

of 

Participants 

Males Females Duration  

of  

T1D 

Mean  

Age 

 (Male) 

Mean  

Age 

(Female) 

Ref 

1 2013 Gary K Yang 92 43 49 16 23.3 22.8 [25] 

2 2013 Thomas 

Hortenhuber 

190 98 92 5.6 14 14 [26] 

3 2013 Gian Paolo 

Fadini 

18 14 4 21.2 29.4 37.1 [27] 

4 2013 Sema C 

Dogansen 

74 30 44 6.9 25.84 26.16 [28] 

5 2013 Brian J Specht 186 90 96 7.8 15.1 15.1 [29] 

6 2013 R Har 46 21 25 16 23.2 24.6 [30] 

7 2013 MGA Van Eupen 395 194 201 23.4 37.8 37.9 [31] 

8 2013 M Heimhalt-El-

Hamriti 

170 81 89 5 12.84 12.93 [32] 

9 2013 RO 

Schlingemann 

63 42 21 9.8 29 32 [33] 

10 2013 MGA Van Eupen 

II 

334 155 179 23.5 38 37.8 [34] 

11 2014 Murat Ciftel 82 NS NS 6.95 13.07 13.21 [35] 

12 2014 MR Sabry 37 17 20 2.3 12.63 10.86 [36] 

13 2014 Patrizia Bruzzi 84 42 42 4 10.2 11.2 [37] 

14 2014 Amy S Shah 347 160 187 9.6 18 17.6 [38] 

15 2014 G Llaurado 136 68 68 13 35.4 35.3 [39] 

16 2014 G Tornese 485 234 251 8.6 9.2 9.3 [40] 

17 2014 AA Eltayeb 60 34 26 3.92 9.8 11.1 [41] 

18 2014 L Machnica 72 28 44 5.09 13.09 14.07 [42] 

19 2014 Maftei Oana 463 237 226 6.7 14 14.02 [43] 
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20 2015 Amy S Shah 277 141 136 10.6 19.1 19.4 [44] 

21 2015 Amy S Shah II 608 305 303 9.8 19.2 18.8 [45] 

22 2015 Martin Heier 411 197 214 5.1 13.4 13.7 [46] 

23 2015 Mandy Ho 120 57 63 5.9 13.5 13.6 [47] 

24 2015 Esko J Wiltshire 186 96 90 NS 14.3 13.8 [48] 

25 2015 Martin Heier II 434 208 226 5.5 13.2 13.7 [49] 

26 2015 B George 62 26 36 10 26.23 26.61 [50] 

27 2015 T Nguyen 16 10 6 6.2 13.6 14.2 [51] 

28 2015 G Llaurado 143 72 71 15 35.1 38.9 [52] 

29 2015 MI Maiorino 140 NS NS 11.1 24.2 23.4 [53] 

30 2015 AV Sokolova 59 25 34 13.3 26.4 26.6 [54] 

31 2015 P Gulasci- 

Bardos 

51 16 35 13.29 32.21 30 [55] 

32 2015 MA El-Asrar 60 18 42 6 13.2 14.1 [56] 

33 2016 AC De-Kat 42 0 42 15.1 30.2 30.5 [57] 

34 2016 HC Emeksiz 72 30 42 5.5 15.03 15.14 [58] 

35 2016 N Keles 80 35 45 NS 32 34 [59] 

36 2016 SB Polat 141 71 70 8 35.7 33.3 [60] 

37 2016 E Wierzbicka  100 48 52 5.1 15.6 15.1 [61] 

38 2016 L Brunvand 235 107 128 5.6 13 13.6 [62] 

39 2016 TJ Bradley 377 182 195 7.2 14.4 14.4 [63] 

40 2016 JS Felicio 73 36 37 13.2 25.2 28.6 [64] 

41 2016 EH Aburawi 126 69 57 6.8 17.5 18.6 [65] 

42 2017 N Rostampour 58 30 28 2 10.72 11.74 [66] 

43 2017 SM Abd El-

Dayem 

92 46 46 9.4 16.13 16.32 [67] 

44 2017 M Skrtic 66 35 31 18.9 27 24.8 [68] 

45 2017 KD Burns 259 125 134 7.2 14 14.4 [69] 
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46 2017 M Heier 369 228 141 10.3 18.7 18.7 [22] 

47 2017 I Alho 29 29 0 13 32.9 32.7 [18] 

48 2017 AS de M 

Matheus 

80 33 47 16 26.2 32.8 [70] 

49 2017 LHB Tacito 60 20 40 4.14 20.11 17.25 [19] 

50 2017 MH El-Samahy 150 90 60 6 14 14.3 [71] 

51 2018 Martin Heier 78 39 39 10 21.1 20.8 [72] 

52 2018 B Slominski 750 NS NS 6.5 15.6 15.3 [73] 

53 2018 S Pillay 66 29 37 5.4 13.9 13 [74] 

54 2018 A Zebrowska 28 14 14 12.1 24.1 26 [75] 

55 2019 ST Chiesa 100 92 8 8.9 13.9 14.6 [76] 

56 2019 AM Zahran 50 17 33 1.76 7.8 8.9 [77] 

57 2019 P Wiromrat 230 114 116 8.6 15.3 15.4 [78] 

58 2019 S Abdelghaffar 150 NS NS 6.5 11.22 11.22 [79] 

59 2020  GT Zwingli 23 13 10 10.7 14.2 14.8 [80] 

60 2020 Alshaymaa A 

Ibrahim 

220 95 125 7.6 12.1 13.5 [81] 

61 2020 V Bratseth 80 33 47 5 13 14 [82] 

62 2021 KN Wasilewska 87 40 47 3.8 12.69 9.26 [83] 

63 2021 E Lespagnol 43 29 14 8.7 27.1 27.3 [84] 

64 2021 A Morandi 550 307 243 8 12 15.7 [85] 

65 2021 MF Faienza 117 69 48 4.77 14.33 14.03 [86] 

66 2022 J Alkaabi 315 125 190 9 19.2 19.3 [87] 

67 2022 LA Jahn 30 17 13 6.8 14 14 [88] 

68 2022 A Cutruzzola 105 63 42 17.9 32 35 [89] 

69 2022 EM Sherif 200 92 108 3.27 10.72 10.84 [90] 

70 2022 A Kacka 64 22 42 8.67 13.84 15.19 [91] 

71 2022 AE Ahmed 100 49 51 4.2 10.97 11.16  
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72 2022 OP Zaharia 237 135 102 6.1 37 36.5 [92] 

73 2022 A Maio 100 0 100 14.1 24.8 25 [93] 

74 2023 TM Richardson 26 18 8 10 31 25 [94] 

75 2023 Mira Mousa 50 28 22 NS 31.46 11.86 [95] 

76 2023 B Matejko 44 16 28 11.3 22.4 22.7 [96] 

77 2023 Rocky Strollo 29 11 18 1.07 18.75 29.7 [97] 

78 2023 Osama E Amer 740 245 495 NS 14.1 14.7 [98] 

79 2023 TC Incekalan 143 74 69 4.5 12.54 12.54 [99] 

80 2023 AM Mostafa 30 NS NS NS NS NS [100] 

NS=not specified. 

2.5. Data Extraction and Management 

A standardized, pre-piloted form (data extraction spreadsheets) was used to extract data from 

the included studies for assessment of study quality and evidence synthesis. The extracted 

information include baseline characteristics (age, and number of participants by gender), details of 

the disease (disease duration) control conditions, risk factor metrics, and for each primary outcome, 

the mean, standard deviation (SD), and the participant number (n) were recorded for both the control 

and intervention/disease groups.  

2.6. Assessment of Risk of Bias  

All included studies located were assessed for risk of bias by two of the authors according to the 

criteria suggested in the Cochrane guidelines as outlined in the Cochrane Handbook for Systematic 

Reviews of clinical disease subjects. Each included article was reviewed, and the risk of bias 

assessment procedure was conducted and recorded using the Cochrane risk of bias (ROBINS-I ) tool, 

which is relevant to clinical subjects. For the articles that are indicated as having high-risk of bias, a 

sensitivity analysis will be performed and the results of the estimate in the presence and absence of 

these studies will be considered. 

2.6.1. Assessment of Reporting Biases 

Assessing publication bias involves examining whether there is a systematic difference between 

published studies and unpublished studies that have the same research question. One commonly 

used method for assessing publication bias is by using funnel plots, which visually display the 

relationship between effect size estimates and study precision. If there is no publication bias, the 

studies will be evenly distributed around the overall effect size estimate, forming a symmetrical 

funnel shape, while if there is publication bias, studies with larger effect sizes or smaller standard 

errors may be more likely to be published, resulting in an asymmetrical funnel plot.  

2.7. Data Synthesis and Measures of Treatment Effect Size 

The results were synthesized using both a narrative approach and quantitative meta-analysis 

and presented in the results and interpreted in the discussion sections. For the quantitative meta-

analysis, RevMan 5.4 version software was utilized to conduct the analysis. Since all the evaluated 

primary outcomes consisted of continuous data, a standardized mean difference (SMD) was 

calculated. As heterogeneity was expected among the effect sizes in the included studies, a random-
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effects model was employed, and a forest plot was produced to display the results. The random-

effects model is often preferred over the fixed-effects model in the presence of heterogeneity, as it 

considers the variability in effect sizes across studies, providing a more cautious estimate of the true 

effect size. The data was not converted to the same unit because it will increase the standard deviation 

from the mean but tabulated separately into subgroups when the data was reported in different units. 

Different units of analysis were included if the minimum individual participant number exceeded 

10. Missing data was requested from the authors up to two times. If there was no response from the 

authors, the study was excluded from the analysis. Two reviewers extracted the data independently, 

and any discrepancy identified was resolved through discussion with the third author where 

necessary. Data were tabulated in an excel spreadsheet that compared the healthy control group 

compared with the T1D group that met the eligibility criteria.  

2.8. Assessment of Heterogeneity   

Assessing heterogeneity is an important step in meta-analysis and can be done using various 

methods, such as visual inspection of forest plots, Q statistic, and the I-squared statistic (I2). Forest 

plot is a graphical representation of the effect sizes and confidence intervals of each included study 

in the meta-analysis. I2 metric is another measure of the proportion of variability in effect sizes across 

studies due to heterogeneity. I2 value between 0% to 25% indicates low heterogeneity, while a value 

greater than 50% suggests high heterogeneity. 

2.8.1. Subgroup Analysis and Investigation of Heterogeneity  

Subgroup analysis is important when there is significant heterogeneity in the overall results. 

Subgroup analysis was only conducted when there are more than 10 participants in any set of given 

studies where different units of measurement have been used. 

2.8.2. Sensitivity Analysis   

A sensitivity analysis is a repeat of the primary analysis of the meta-analysis to assess the 

robustness of the overall results and to investigate the effect of alternative decisions or ranges of 

values for decisions that were arbitrary or unclear. Sensitivity analysis was performed to identify and 

assess the impact of risk of bias across studies, outliers, and missing data across studies, where 

necessary. Four studies which had an effect size of 0.00 were removed from the forest plot on SBP 

(given on the right). It changed the original SMD of 0.41 at a 95% confidence interval (0.29, 0.53) to a 

more robust SMD of 0.45 (0.33, 0.57). 

3. Results 

3.1. Description of Included Studies   

3.1.1. The Included Studies Comprised of 80 Relevant Research Articles 

A total of 5293 healthy control subjects and 7492 patients diagnosed with T1D were included in 

this review. The mean age of the healthy control was 19.7+8.23 years and 20.03+8.49 years in the T1D 

group.  In the healthy control cohort, 46.3% were males and 53.7% were females. In the T1D cohort, 

49.8% were males and 50.2% were females. These data confirm that age and sex-matched participants 

had been recruited in all the included studies. The mean disease duration in the T1D group was 

9.1+5.11 years. The minimum disease duration in this study cohort was 1.07 years and the maximum 

disease duration was 23.5 years. The disease duration at the 95th percentile is 17.5 years, which is a 

23.1 % increase from the mean disease duration. A total of 1739 studies were retrieved from the 

PubMed (n=81), Web of Science  (n=728), and Google Scholar (n=930) databases out of which  

duplicates (n=21), not having healthy  control (n=150), book chapters (n=39), animal studies (n=317), 

in vitro studies (n=18), age >40 years (n=72), published before the year 2013 (n=32), and reporting 
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incompatible and irrelevant research data (n=236) were removed. The final number of studies 

included after screening was 80 and their basic characteristics are described in Table 1.  

3.2. Results of the Search 

The methods used to display the results of individual studies are the forest plot, bar graph of 

the student-t test, estimation plot, a heatmap comparing the results against the accepted standards 

introduced from recognized world bodies such as the world health organization (WHO) or the 

American Heart Association (AHA). 

3.2.1. The Blood Pressure Makes a Moderate Impact on the T1D-Induced ED 

High blood pressure is a traditional risk factor of T1D-induced endothelial deregulation which 

causes vascular dysfunction[101] . Hypertension could arise from impaired angiotensin II enzyme 

activity that leads to vasoconstriction via the type 1 receptor (AT1R) blockage, low bioavailability of 

NO which is required for endothelium-dependent relaxation and arterial occlusion from plaque 

buildup that leads to both macrovascular and microvascular complication s [101].  The findings of 

this study are given in Figure 3a-l and Table 2. 

Table 2. Summary statistics of BP between the diabetic participants compared with the healthy 

control participants. 

OUTCOME #STUDIES #PARTICIPANTS SMD 95% 

CI 

Z 

SCORE 

P<0.05 TAU2 I2 

% 

CHI 

SQ 

DF P<0.05 t-TEST 

(P<0.05) 

SBP 54 9829 0.46 0.32-

0.61 

6.25 0.00001 0.25 90 531.21 53 0.00001 0.0001 

DBP 54 9798 0.39 0.23-

0.54 

4.80 0.00001 0.30 92 625.24 53 0.00001 0.1995 

MAP 08 1215 0.23 -

0.02-

0.47 

1.83 0.07 0.08 71 24.44 7 0.0100 0.0245 
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✱

        

(j)                                  (k)                                      (l) 

Figure 3. (a-l): Assessments of BP between the T1D and HC. (a) forest plot of SBP (b) paired t-test bar graph of SBP, (c) EP of SBP, ( d) the ROC curve for SBP, (e) forest plot of DBP (f) 

paired t-test bar graph of DBP, (g) EP of DBP, ( h) the ROC curve for DBP (i) forest plot of MAP (j) paired t-test bar graph of MAP, (k) EP of MAP, ( l) the ROC curve for MAP. Results 

are statistically significant at p < 0.05. 
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3.2.2. Glucose Metabolism Is the Best Diagnostic Biomarker for Confirming T1D-Induced ED 

Hyperglycaemia is the most critical risk factor in T1D-induced endothelial or vascular 

deregulation [102]. The glycated haemoglobin percentage (HbA1c%) and fasting blood glucose (FBG) 

titres are the most reliable biomarker that indicate concurrently impaired glucose and insulin 

metabolism which is also confirmed by the results of this study (Figure 4a-h and Table 3).   

Table 3. Summary statistics of glucose metabolism between the diabetic participants compared with 

the healthy control participants. 

OUTCOME #STUDIES #PARTICIPANTS SMD 95% 

CI 

Z 

SCORE 

P<0.05 TAU2 I2 

% 

CHI 

SQ 

DF P<0.05 t-TEST 

(P<0.05) 

HbA1c% 57 9860 3.32 3.01-

3.64 

20.43 0.00001 1.30 96 1410.29 56 0.00001 0.0001 

FBG 15 1912 2.26 1.73-

2.79 

8.35 0.00001 1.00 95 267.44 14 0.00001 0.0001 
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✱✱✱✱

      

(f)                          (g)                                   (h) 

Figure 4. (a-h): Assessments of the glycaemic status between the T1D and HC groups. (a) forest plot of HbA1c%, (b) paired student t-test bar graph of HbA1c%, ( c) EP of HbA1c%, (d) 

the ROC curve for HbA1c%, ( e) forest plot of FBG, (f) paired t-test bar graph of FBG, (g) EP of FBG, ( h) the ROC curve for FBG. Results are statistically significant at  p < 0.05. 
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3.2.3. The Lipid Profile Remains as Traditional Biomarkers of T1D-Induced ED 

Dyslipidaemia is the third traditional risk factor that is always elevated in the T1D cohort 

compared to the HC [103]. It is an imbalance between the favourable and the unfavourable cholesterol 

with the low-density lipoprotein cholesterol (LDL-c) being more than the high-density lipoprotein 

cholesterol (HDL-c) [104] . The unfavourable lipids undergo lipid peroxidation such as the 

polyunsaturated fatty acids, generating reactive oxygen species (ROS) which cause oxidative stress 

[76] leading to vascular disease (Figure 5a-h and Table 4) .  

Table 4. Summary statistics of lipid biomarkers between the diabetic participants compared with the 

healthy control participants. 

OUTCOME 

+ 

Subgroups 

#STUDIES #PARTICIP

ANTS 

SMD 95% CI Z 

SCORE 

P<0.05 TAU2 I2 

% 

CHI 

SQ 

DF P<0.05 t-TEST 

(P<0.05) 

TC 49 8507 0.13 -0.09-

0.35 

1.14 0.25 0.55 95 946.15 48 0.00001 0.9970 

mmol/L 18 4557 0.10 -0.09-

0.29 

1.02 0.31 0.13 86 124.03 17 0.00001  

mg/dl 31 3950 0.13 -0.24-

0.51 

0.70 0.48 1.05 96 822.10 30 0.00001  

TG 38 7441 0.12 -0.02-

0.26 

1.63 0.10 0.16 87 275.85 37 0.00001 0.4141 

mmol/L 20 4894 0.15 -0.04-

0.34 

1.52 0.13 0.16 88 159.68 19 0.00001  

mg/dl 18 2547 0.08 -0.14- 

0.31 

0.74 0.46 0.19 85 114.32 17 0.00001  

HDL-c 43 8600 0.16 0.02-

0.30 

2.30 0.02 0.17 88 338.10 42 0.00001 0.3466 

mmol/L 20 4934 0.24 0.04-

0.44 

2.31 0.02 0.18 89 179.90 19 0.00001  

mg/dl 23 3666 0.09 -0.10-

0.29 

0.92 0.36 0.18 86 158.08 22 0.00001  
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LDL-c 43 8054 0.31 0.13-

0.48 

3.42 0.0006 0.30 92 510.08 42 0.00001 0.0064 

mmol/L 20 4934 0.05 -0.08-

0.19 

0.77 0.44 0.07 76 78.77 19 0.00001  

mg/dl 23 3120 0.58 0.24-

0.92 

3.37 0.0008 0.63 94 397.41 22 0.00001  

Apo A 06 1650 0.58 0.28-

0.87 

3.81 0.0001 0.11 86 34.53 5 0.00001 0.1734 

mmol/L 01 43 0.61 -0.01-

1.22 

1.94 0.05 _ _ _ _ _  

mg/dL 01 369 0.25 0.04-

0.47 

2.30 0.02 _ _ _ _ _  

g/L 04 1238 0.66 0.27-

1.05 

3.35 0.0008 0.13 89 26.71 3 0.00001  

Apo B 06 1650 0.52 0.33-

0.70 

5.52 0.00001 0.03 62 13.09 5 0.02 0.1185 

mmol/L 01 43 0.07 -0.53-

0.67 

0.22 0.82 _ _ _ _ _  

mg/dl 01 369 0.44 0.22-

0.65 

3.94 0.0001 _ _ _ _ _  

g/l 04 1238 0.59 0.35-

0.83 

4.84 0.00001 0.04 70 10.17 3 0.02  
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                    (v)                      (w)                      (x) 

Figure 5. (a-x): Assessments of the lipids between the T1D and HC groups. (a) forest plot of TC (b) paired t-test bar graph of TC (c) EP of TC ( d) ROC curve of TC (e) forest plot of TG 

(f) paired t-test bar graph of TG (g) EP of TG ( h) ROC curve of TG (i) forest plot of HDL-c (j) paired t-test bar graph of HDL-c (k) EP of HDL-c ( l) ROC curve of HDL-c (m) forest plot 

of LDL-c (n) paired t-test bar graph of LDL-c (o) EP of LDL-c ( p) ROC curve of LDL-c (q) forest plot of Apo-A (r) paired t-test bar graph of Apo-A (s) EP of Apo-A ( t) ROC curve of 

Apo-A  (u) forest plot of Apo-B (v) paired t-test bar graph of Apo-B (W) EP of Apo-B ( x) ROC curve of Apo-B. Results are statistically significant at  p < 0.05. 
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3.2.4. The Biomarkers of Vascular Function Are the Second-Best Indicators of T1D-Induced ED 

This study has used 7 different biomarkers that are integral for the survival of the T1D patients 

because vascular dysfunction arises concomitantly with T1D and carries a high risk of mortality. 

These biomarkers are also risk factors of T1D-induced CVD/ED of which some can be used as a 

diagnostic tool or a therapeutic target in novel research [63]. Figure 6 (a- ai) and the Table 5 have 

mostly demonstrated an increase in these functional markers in the T1D cohort compared to the HC. 

Simple linear regression was performed between HbA1c% and the vascular functional markers at 

95% CI, which displayed non-significant increases with AI%@75 (r2 =0.3966, p= 0.37 ), CIMT ( 

r2=0.1334, p=0.2694), and sICAM -1 (r2= 0.0053, p= 0.8764) while there were decreases with FMD% 

change (r2= 0.039, p= 0.4802), PWV (r2= 0.1432, p=0.3153), and sVCAM-1 (r2= 0.4465, p=0.0701). The 

ROC curves displayed there were no false positives or outliers in the data that was compared between 

the HC and the T1D cohorts.  

Table 5. Summary statistics of the vascular function biomarkers between the diabetic participants 

compared with the healthy control participants. 

OUTCOME #STUDIES #PARTICIP

ANTS 

SMD 95% CI Z 

SCOR

E 

P<0.05 TAU2 I2 

% 

CHI 

SQ 

DF P<0.05 t-TEST 

(P<0.05

) 

sICAM -1 10 1633 0.84 0.40-

1.27 

3.75 0.0002 0.43 93 132.66 9 0.00001 0.0255 

sVCAM-1 12 2283 0.74 0.46-

1.02 

5.17 0.00001 0.20 89 97.56 11 0.00001 0.0001 

sE-

SELECTIN 

06 1187 0.34 -0.22-

0.90 

1.20 0.23 0.45 94 88.24 5 0.00001 0.3172 

FMD% 17 2861 -0.81 -1.25-   

-0.38 

3.65 0.0003 0.78 96 382.05 16 0.00001 0.0005 

PWV 09 2004 0.60 -0.12-

1.31 

1.64 0.10 1.15 98 377.94 8 0.00001 0.0044 

CIMT 13 2467 0.89 0.48-

1.29 

4.30 0.0001 0.48 94 194.52 12 0.00001 0.1011 

AI% 04 920 1.54 -0.28-

3.36 

1.66 0.10 3.40 99 333.21 3 0.00001 0.0670 
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(ai) 

 

Figure 6. (a-ai): Assessments of the vascular functions between the T1D and HC groups. (a) forest plot of sICAM-1 (b) paired student-t test bar graph of sICAM-1 ( c) EP of sICAM-1 (d) 

ROC of sICAM-1 (e ) forest plot of sVCAM-1 (f) paired student-t test bar graph of sVCAM-1 ( g) EP of sVCAM-1 (h) ROC of sVCAM-1 (i) forest plot of sE-Selectin (j) paired student-t 

test bar graph of sE-Selectin ( k) EP of sE-Selectin (l) ROC of sE-Selectin (m) forest plot of FMD%, (n) paired student-t test bar graph of FMD%, ( o) EP of FMD%, (p) ROC of FMD% (q) 

forest plot of PWV (r) paired student-t test bar graph of PWV, ( s) EP of PWV, (t) ROC of PWV (u) forest plot of CIMT (v) paired student-t test bar graph of CIMT ( w) EP of CIMT (x) 

ROC of PWV (y) forest plot of AI% (z) paired student-t test bar graph of AI% ( aa) EP of AI% (ab) ROC of AI% (ac) simple linear regression between HbA1c% and sICAM -1 (ad) simple 

linear regression between HbA1c% and sVCAM- 1 (ae) simple linear regression between HbA1c% and the change in sE-Selectin (af) simple linear regression between HbA1c% and the 

change in FMD% (ag) simple linear regression between HbA1c% and PWV (ah) simple linear regression between HbA1c% and CIMT (ai) simple linear regression between HbA1c% 

and AI%. Results are statistically significant at  p < 0.05. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0255.v1

https://doi.org/10.20944/preprints202405.0255.v1


 55 

 

3.2.5. The Inflammatory Targets Were Mostly in Favour of the T1D-Induced ED 

Inflammation is an important factor in the resolution of disease, which plays a pivotal role in 

innate and adaptive immunity. Inflammatory responses are immune responses that suppress the 

progression of disease. An evaluation of the prominent inflammatory targets such as proteins, 

cytokines, and enzymes, reveal the severity of disease such as T1D -induced CVD/ED [65]. Figure 7 

(a-x) and Table 6 in this study have assessed six pathological biomarkers that are indicators of 

vascular disease upregulated by T1D. The forest plots of CRP (p=0.001), IL-6 (p=0.0001 ), TNF-a 

(p=0.0008) and eGFR (p=0.006) showed a significantly high risk of CVD/ED in the T1D in comparison 

with the HC. 

Table 6. Summary statistics of the inflammatory biomarkers between the diabetic participants 

compared with the healthy control participants. 

OUTCOM

E 

+ 

Subgroups 

#STUDIE

S 

#PARTICIP

ANTS 

SMD 95% CI Z 

SCORE 

P<0.05 TAU2 I2 

% 

CHI 

SQ 

DF P<0.05 t-TEST 

(P<0.05

) 

CRP 17 4060 0.45 0.18-

0.72 

3.26 0.001 0.28 93 240.71 16 0.00001 0.0053 

mg/L 12 2446 0.44 0.15-

0.73 

2.99 0.003 0.21 90 107.03 11 0.00001  

mg/dL 05 1614 0.38 -0.16-

0.93 

1.38 0.17 0.37 96 97.00 4 0.00001  

IL-6 05 1100 0.50 0.26-

0.74 

4.05 0.0001 0.05 67 12.28 4 0.02 0.0595 

TNF-a 03 821 0.54 0.22-

0.85 

3.35 0.0008 0.05 72 7.12 2 0.03 0.2251 

ALT 04 814 0.19 -0.04-

0.42 

1.64 0.10 0.03 51 6.08 3 0.11 0.2167 

GGT 03 742 -0.11 -0.83-

0.60 

0.31 0.76 0.37 94 35.28 2 0.00001 0.7105 

eGFR 14 3203 0.45 0.13-

0.78 

2.75 0.006 0.33 94 210.06 13 0.00001 0.0902 
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Figure 7. (a-x): Assessments of the inflammatory biomarkers between the T1D and HC groups. (a) forest plot of CRP (b) paired student-t test bar graph of CRP ( c) EP of CRP (d) ROC 

of CRP (e ) forest plot of IL-6 (f) paired student-t test bar graph of IL-6 ( g) EP of IL-6 (h) ROC of IL-6 (i) forest plot of TNF-a (j) paired student-t test bar graph of TNF-a ( k) EP of TNF-

a (l) ROC of TNF-a (m) forest plot of eGFR (n) paired student-t test bar graph of eGFR ( o) EP of eGFR (p) ROC of eGFR (q) forest plot of ALT (r) paired student-t test bar graph of ALT 

( s) EP of ALT (t) ROC of ALT (u) forest plot of GGT (v) paired student-t test bar graph of GGT ( w) EP of GGT (x) ROC of GGT.  Results are statistically significant at  p < 0.05. 
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3.2.6. The Obesity Targets Are Also Fitting Biomarkers of T1D-Induced ED 

Obesity is a high-risk factor for T1D and mostly encompasses the lifestyle factors which are also 

modifiable risk factors that lead to ED [91]. This study has investigated the influence of the BMI, body 

weight (BW), height (HT), and the mean age as risk factors of T1D-induced CVD in the Figure 8 (a-l) 

and in the Table 7.  

Table 7. Summary statistics of the obesity targets between the diabetic participants compared with 

the healthy control participants. 

OUTCOME #STUDIES #PARTICIPANTS SMD 95% 

CI 

Z 

SCORE 

P<0.05 TAU2 I2 

% 

CHI 

SQ 

DF P<0.05 t-TEST 

(P<0.05) 

BMI 64 11088 0.22 0.09-

0.35 

3.33 0.0009 0.23 89 573.83 63 0.00001 0.1503 

BW 31 5560 0.22 0.09-

0.34 

3.46 0.0005 0.08 73 110.92 30 0.00001 0.0007 

HT 22 3987 0.10 -

0.19-

0.38 

0.65 0.52 0.38 93 305.90 21 0.00001 0.1059 

AGE 78 12785 0.09 0.01-

0.18 

2.10 0.04 0.10 78 343.21 77 0.00001 0.2184 
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Figure 8. (a-l): Assessments of the obesity biomarkers between the T1D and HC groups. (a) forest plot of BMI (b) paired student-t test bar graph of BMI ( c) EP of BMI (d) ROC of BMI 

(e ) forest plot of BW (f) paired student-t test bar graph of BW ( g) EP of BW (h) ROC of BW (i) forest plot of HT (j) paired student-t test bar graph of HT ( k) EP of HT (l) ROC of HT  

(m) forest plot of Age (n) paired student-t test bar graph of Age ( o) EP of Age (p) ROC of Age. Results are statistically significant at  p < 0.05. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0255.v1

https://doi.org/10.20944/preprints202405.0255.v1


 72 

 

3.2.7. Assessment of the Risk of Bias 

The risk of bias was evaluated using the ROBINS-I tool which stands for the Risk of Bias In Non-

randomized Studies of Interventions belonging to the Cochrane methods that are available for the 

assessment of risk of bias in clinical studies involving human participants and their data. This tool 

measures the potential benefit or harm that arises from bias that occurs when the allocation of the 

intervention was done without randomization as opposed to those that were randomized. The 

ROBINS-I tool evaluates the bias arising from confounding factors, the selection of participants, the 

classification of and deviations from the intended intervention, the handling of missing data, 

measurements of the outcomes and the method of reporting results with an overall assessment of 

bias in each study. Interestingly, all the eligible studies that were included in this meta-analysis did 

not show any risk of bias that in any of the parameters that were assessed with the ROBINS-I tool. 

All these studies were screened for any potential items of bias which yielded no confounders, 

randomized selection of participants, direct identification of the interventions without deviating into 

unintended interventions which also had no missing data. Further, there were no grey areas 

regarding the measurement of the outcomes or in the reporting of the results obtained from a 

properly planned research study which had appropriate controls introduced at appropriate 

timepoints. Thus, the overall appraisal did not produce any concerns regarding any significant bias 

in the present study. In all the eligible studies, the risk of bias remained conspicuously low which 

validates the findings of our study Figures 9a-bi-ii and 10a-ab).  
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(b)ii 

Figure 9. (a-bi-ii): (a) An overall assessment of the risk of bias in all the included studies. (b) Assessment of the risk of bias in the individual studies that are included in this meta-

analysis made according to the ROBINS-I tool of risk of bias applicable to clinical intervention studies involving human participants. 
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4. Discussion 

The recent International Diabetes Federation reports have confirmed that persons of any age 

category could develop T1D [11], and the exposure to prolonged T1D invariably should present with 

confirmed CVD. A high risk of mortality from vascular disease [24] occurs in type-1 diabetics If not 

properly managed by daily monitoring of the blood glucose level, insulin treatment, medication, diet, 

physical exercise, and minimalized psychological stress [11]. Another recent publication from the 

Australasian diabetes data network (ADDN) study group states that T1D patients less than 30 years 

of age carry a five-fold higher risk of mortality due to cardiovascular complications [105]. The 

findings of the present meta-analysis which we have based on a comprehensive group of multivariate 

biomarkers associated with diabetes-induced vascular complications are consistent with the factual 

data reported by many authors including the ADDN study group, EURODIAB, FINNDANE, 

DCCT/EDIC, SEARCH CVD, ACCORD and ADVANCE clinical trials [45,106–109]. There is a 

consensus that if children are diagnosed with T1D at the age of 10 years, may potentially lose 17 years 

of life [11]. In our study, 46% of the participants with T1D were below the mean age of 15 years and 

as such are highly vulnerable to CVD-related mortality. Given these facts, it is of utmost importance 

to establish a set of reliable and easily accessible biomarkers and methods to evaluate childhood 

vascular dysfunction, before putting them on life-long medication, which would otherwise add organ 

damage to its sequelae.  

The effect size is a valuable tool in determining the impact of an intervention between the 

diseased group and the healthy control group. According to the Cohen’s classification, an effect size 

of 0.2 is considered a small difference between the control and intervention, which is a difference of 

0.2 standard deviations which is a negligible difference. In other words, the effect size is the 

magnitude of the difference between the comparators.  It is a population measure and is not affected 

by the sample size. An effect size of 0.2-0.5 is considered a small effect, 0.5-0.8 is a medium effect and 

above 0.8 is considered a high effect that signifies a large difference between the control and the 

intervention cohorts [110]. Therefore, in analysing the data of this study, out of the 28 biomarkers 

that were evaluated, the following categorisation reveals the small, medium and the large effects 

produced by the risk factors of vascular dysfunction in individuals diagnosed with T1D.  

The hallmark of Type-1-diabetes is the patients are combinedly diagnosed with hyperglycaemia,  

hypertension, and hyperlipidaemia which are characteristic symptoms of the disease [111] and  have 

been confirmed by this study. Out of the six categories of the biomarkers that were evaluated in 

Figures 3–8, this meta-analysis has reaffirmed that in T1D, the blood pressure, glycaemic and the 

cholesterol metabolism are conspicuously impaired. There were significant differences between the 

healthy control and the baseline T1D populations in SBP (SMD: 0.41, p< 0.0001), DBP (SMD: 0.3, 

P<0.0001), HbA1c% (SMD: 3.42, p<0.0001), HDL (SMD: 0.17, p<0.0001), LDL (SMD: 2.09, p<0.0001), 

Apo A (SMD: 0.63, p<0.0001) and Apo B (SMD: 0.55, p<0.0001) that were elevated in the T1D, as 

evidenced by the standardized mean difference in the forest plots. In the student-t-distribution bar 

graphs, only SBP (p< 0.0001), MAP (p< 0.0245), HbA1c% (p<0.0001) and LDL (p< 0.0064) produced 

significant upregulation in their values.  

However, when the risk factors identified in this study are arranged from having high to low 

CVD risk based on the effect size, the 6 most reliable biomarkers are HbA1c% (3.42), FBG (2.37), LDL-

C (2.09), AI% (1.54), sICAM-1 (1.09), and FMD% (-0.88) which is a deviation from the already 

established traditional risk factor milieu. The risk factors evaluated in this study appear to have 

evolved from mainly lifestyle factors that are linked to modifiable eating habits and beverage intake, 

physical exercise, and medication, which along with socioeconomic conditions, had contributed to 

this change.  

Prolonged hypertension is a predictor of CVD. In the present study, the augmentation index 

percentage (AI%) is the third most reliable biomarker of T1D-induced CVD, also known as AI75, 

which is based on the arterial pressure measured at 75 beats per minute [112]. Irrespective of the 

number of studies that measured AI% in this analysis was very few with a total participant number 

of 620, the overall result was that it creates a remarkable difference between the control and T1D 
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groups. Therefore, arterial pressure features as a better prognostic marker than the traditional 

markers of BP that comprise of SBP and DBP.  

The blood pressure readings are considered to be hypertensive when it is greater than the 95th 

percentile  for T1D  individuals less than 18 years of age, and the ideal SBP and DBP should fall 

below its 95th percentile [105]. In this study, the 95th percentile of SBP/DBP for the healthy control 

was 119/72 and for the T1D subjects it was 120/74 Hg mm respectively. In this cohort, the SBP was 

higher by 10.8% in the control group and 21.7% in the T1D group. The DBP was higher by 18% in the 

control group and 13.6% in the T1D group. The children and young adults usually carry an excess 

risk of premature mortality from vascular complications specially if they are co-morbid with 

hypertension [113]. The CVD risk in T1D is further increased if uncontrolled hypertension had 

persisted for a longer duration with the additional risk of developing cardiac failure, limb 

amputation, stroke, and sudden death [114]. Published reports have highlighted that 16% of young 

adults having T1D also have hypertension and up to 50% of the T1D youth develop hypertension 

worldwide [115]. Studies have confirmed that a high glycated haemoglobin percentage positively 

correlates with hypertension and its risk factors are hyperglycaemia, male gender, higher BMI and 

the frequency and dosage of insulin treatment [116].  

Diabetes is an independent risk factor for childhood-onset CVD [117]. Elevated blood pressure 

is common in the T1D and the healthy control population is also vulnerable to having increased SBP, 

influenced by epigenetic factors [118]. SBP is also influenced by high pulse pressure which brings 

forth arterial stiffness [119]. Arterial stiffness is a common occurrence among the T1D population and 

an early predictor of subclinical atherosclerosis [120]. It is a surrogate marker of hyperglycaemia and 

ensuing vascular complications [121]. Arterial stiffness sets in long before the signs of CVD emerge. 

The central arterial pressure wave consists of a forward-travelling wave generated by the contraction 

of the left ventricle and a reflected wave that arrives combinedly from the arteries in the periphery 

[122]. With arterial stiffness the reflected wave from the periphery arrives too early during the systolic 

phase, thereby increasing the aortic pulse pressure, the left ventricular afterload, left ventricular 

mass, stroke volume and the oxygen demand [123]. These events subsequently initiates 

atherosclerosis and left-ventricular hypertrophy.  The carotid-femoral pulse wave velocity and the 

AI% are considered as the gold-standard to measure arterial stiffness [124].  

Intensive insulin treatment has shown to regulate the SBP, although a HbA1c greater than 7.5% 

is a strong risk factor for the plaque build-up in arteries despite being asymptomatic to coronary 

artery disease [125]. Although there is no elevation in blood pressure in some of the T1D children, 

they show high increases in SBP during the night, who are without the usual nocturnal dip in blood 

pressure as seen in the healthy subjects [126]. The loss of the nocturnal dip of SBP is considered a 

predictor of CIMT in children [127]. These patients are considered at a higher risk for vascular 

dysfunction and hence are exposed to early-onset CVD. Hypertension may lead to diabetic 

nephropathy with an increased thickness of the basement membrane and a declining estimated 

glomerular filtration rate [128]. However, the methods of determining hypertension may be outdated 

in many previous studies with the ambulatory BP measurements not reflecting the true status. An 

ultrasound -guided echocardiogram would add more weight to its readings which require the 

establishment of a fool-proof method that is reliable for all the ages of T1D. The FinnDiane 

laboratories in Helsinki have introduced de novo methodology to assess vascular health, leaving 

aside the obsolete instruments such as the sphygmomanometer [129]. They include applanation 

tonometry to measure arterial stiffness, peripheral tonometry to assess endothelial deregulation and 

the ultrasound to evaluate CIMT [130,131]. The finger-pressure waves are measured by a 

plethysmograph to assess the autonomic functions [132].  

There are some noteworthy facts that have emerged from this study, being consistent with 

previous findings on the influence of T1D on vascular disease and subsequent exposure to early onset 

of CVD. The flow-mediated dilatation percentage (FMD%), which is a direct method of determining 

vascular dysfunction is significantly decreased (SMD: -0.88) in the T1D compared to the healthy 

control group [74], and the pulse-wave velocity (PWV; SMD: 0.6) in the brachial or femoral artery 

and the carotid intima media thickness (CIMT; SMD: 0.62) significantly elevated in the T1D cohort 
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[133]. These findings are supported by both the forest plots and the paired student t-test bar graphs. 

Therefore, the low FMD% [108] high PWV [108] and the CIMT [134] markers indicate that the T1D 

population with a mean age of 20 years is highly vulnerable to developing vascular disease as well 

as CVD quite early-on. 

There is a large body of evidence gathered from a plethora of clinical studies which confirm that 

the T1D subjects invariably develop vascular defects from having hypertension, hyperglycaemia, and 

dyslipidaemia either alone or in combination and are at high risk of developing much-debilitating 

CVD or ED. 

The mean HbA1c% in this study was 5.07 + 0.34 in the control group and 8.56 + 1.08 in the T1D 

group. There was a 68% increase in the mean value of HbA1c% in the T1D compared to the healthy 

control. The 95th percentile for the HbA1c % in this T1D study was 10.2 and 53.5% of the readings 

were above the mean value that was computed, indicating that rigorous glycaemic control is needed 

for this T1D population. These results are consistent with the readings published in previous 

literature and correlates positively with the vascular parameters such as CIMT, sICAM-1, AI% and 

FMD% (Figure 6) with which it can be concluded that these vascular functionality measures are not 

dependent on the age,  BP and other traditional biomarkers of CVD, but are  extremely dependent 

on the level of hyperglycaemia in the T1D.  

Intensive insulin therapy is not without its advantages. When a rigorous treatment regimen is 

followed at the beginning, there seem to be retention of metabolic memory in  the T1D subjects [108] 

. A previous study that exerted intensive glycaemic control at the onset of T1D,  had their CVD risk 

reduced by 57% even after  17 years of disease duration [134] . Insulin therapy and the regulation of 

the glucose titres in plasma identified by a declining HbA1c% has reconfirmed that glycaemic control 

is extremely important to children and the youth with T1D.  Early optimal plasma glucose control 

was shown to be highly effective in regulating the risk of CVD evidenced by the diabetes control and 

complications trial (DCCT) which had the longest duration of longitudinal evaluation of the 

traditional CVD risk factors spanning 30 years [135]. Prolonged and mismanaged hyperglycaemia 

takes a heavy toll on the vasculature, one of the best examples being the increasing CIMT [136]. 

Secondarily, it causes arterial stiffness which will steadily progress towards atherosclerosis and other 

CVD complications. A child diagnosed with T1D during the first year from birth will invariably have 

developed CVD by 20 years and will be highly prone to death by 55 years of age [137].  

The mean LDL-c value in this study was 2.5+0.28 mmol/L (100.24 + 15 mg/dL) in the T1D group 

and 2.45+0.3 mmol/L (90.42 + 19.88 mg/dL) in the control group. The 95th percentile for the LDL-c 

was 2.7 mmol/L (104 mg/dL) in the present analysis. Up to 47% (in the mmol/L subgroup; n=3782) 

and 42.8% (in mg/dL subgroup; n=2298) of the total readings were above the respective mean values. 

There are  published studies which have yielded similar results as this present study [137]. In our 

lipid profile, the total cholesterol (TC; SMD: 0.02), and total triglycerides (TG; SMD: 0.12), HDL-c 

(SMD: 0.17, p<0.01) and LDL-c (SMD: 2.09, p<0.0006) markers of dyslipidaemia showed only a very 

small upregulation in the T1D group. There are clinical studies that have reported strong positive 

correlation between high HbA1c% and LDL- cholesterol level [138], which has significant 

associations with plaque-build-up and obliterating the vasculature causing blockages that induce 

cerebrovascular infarcts or stroke, which is somewhat controversial given the results of this study.  

Apo A (SMD: 0.63, p < 0.001) and Apo B (SMD: 0.55, p < 0.00001) have shown significant elevations 

in the T1D subjects in the forest plots in comparison to the healthy control participants. Out of the 

lipid markers that were evaluated, LDL cholesterol and Apo B are classified as atherogenic lipids that 

favour CVD [139] which is disproven for LDL-c by this study which produced non-significant results 

in the student-t -test bar graphs as well. The ratio of Apo B/Apo A-1 (has been suggested as a better 

biomarker of CVD prognosis, in the recent decades [140]. However, Mazanderani et al  (2009) have 

reported that Apo B is a better biomarker than LDL-c in diagnosing T1D and the decision to initiate 

lipid-lowering therapy in T1D patients should not be based upon the LDL-c levels alone because T1D 

is aggravated by poor glycaemic control and not from dyslipidaemia per se [141]. These lipids are 

also risk factors of obesity that is prevalent among the children, owing to their excessive consumption 

of fatty and oily junk food  [142]. The notion that a  higher BMI (SMD: 0.17, p < 0.003) and increased 
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body weight (SMD: 0.22, p < 0.0005) and having a higher level of fasting lipids in sera, particularly 

LDL titres greater than 3.4 mmol/L or 130-159 mg/dL are strong contenders for CVD [143], is disputed 

by the effect sizes of BMI and the BW of the present study. The Apo B molecule comprises of 

atherogenic lipids: LDL and very low-density lipoproteins (VLDL) cholesterol which is frequently 

high in T1D patients and contributes to the development of arterial stiffness [144]. Although LDL is 

a surrogate marker for vascular disease, and an independent risk factor for CIMT [136], LDL-c (SMD: 

2.09) has a very small effect on developing CVD. 

Inflammation is another common characteristic in the T1D population and is linked to 

autoimmunity which induces the pancreatic beta cell destruction through immune mediation [145]. 

High glucose variability was shown to increase the inflammatory biomarker, C-reactive protein 

(CRP; SMD: 0.33 ) which in this analysis has displayed a small increase in the T1D cohort, compared 

to the healthy control [146]. The cytokines are prominent immunomodulatory substances which 

promote inflammation and the sensitisation of the distinctive T helper cell repertoires, macrophages 

and dendritic cells that leads to the destruction of the islets of Langerhans, in T1D [147]. Studies have 

shown that the blockage of the pro-inflammatory cytokines results in a decrease in autoimmunity 

directed at the pancreas which limits its insulin production and secretion [148]. This study has shown 

a small risk with CRP titres in blood in the T1D cohort compared to its healthy control (SMD: 0.19, p 

< 0.002) alongside significantly elevated IL-6 (SMD: 0.5, p < 0.0001) and TNF-alpha (SMD: 0.54, p < 

0.0008) titres in the T1D evidenced by the forest plots. These are potential immunotherapeutic targets 

in the treatment of T1D which hold promise for future pharmacotherapy. The slight elevation in the 

CRP titres was also confirmed by the t-test bar graph (p < 0.0053). The ALT and GGT are biochemical 

markers of liver function and hepatic insulin sensitivity and resistance [149]. In this study, the ALT 

(SMD: 0.19) and GGT (SMD: -0.11) levels in TID were not significantly different from the healthy 

control possibly owing to the fewer number of studies. However, ALT is a biomarker for the liver fat, 

being an epidemiologic marker for the non-alcoholic fatty liver syndrome, while GGT is a biomarker 

of cellular oxidative stress [150]. The pancreatic beta cells are highly sensitive to oxidative stress 

which results in decreased secretion of insulin [151]. 

The body-mass index (BMI) and the body weight (BW) are already known risk factors of CVD 

in T1D which increase proportionately with rising hyperglycaemic status [152]. Intense insulin 

treatment causes weight gain [153] and hence an increase in these two parameters. It also depends 

on the type, dose and frequency of the insulin intake given the fact that insulin is a growth hormone 

[154]. These rapid increases in body weight and the BMI could be controlled by regular physical 

exercise, diet, and other behavioural practices . In this study, there were negligible differences in the 

BMI between the control and T1D groups (SMD: 0.17, p=0.003) although the T1D cohort displayed a 

significant BW gain (SMD: 0.22, p=0.0005) in comparison to the healthy control. The excess glucose is 

converted to fat and stored in the muscles and the adipose tissue but in T1D in which the glucose 

metabolism is impaired, these individuals could experience hypoglycaemic attacks as well during 

binge-eating episodes [155]. The BMI  and body weight parameters were not identified as  potential 

biomarkers for T1D in the present study as it indicated a negligible risk of CVD although the forest 

plots and the paired t-test results indicated a significant difference between the HC and T1D groups. 

The elevation of the soluble intracellular adhesion molecule (sICAM-1) titres is a common 

occurrence in T1D [156] . The sICAM is well-known for its role in mediating inflammatory and 

immune-modulatory responses, particularly in downregulating the TH1 type immune responses that 

are responsible for the autoimmune destruction of the beta cells in the pancreatic islets [157]. Its 

immune-protective functions include leucocyte recruitment and adhesion, triggering signal 

transduction in the islet cells and  regulating the endothelial and epithelial barrier functions [158]. 

The forest plot of sICAM indicated a clear mandate for a high CVD risk with an effect size or SMD of 

1.09 (p< 0.0001) and additional confirmation from the student’s t-test which reported a significant 

difference between the healthy control and the T1D population (p= 0.02). Similarly, soluble vascular 

cell adhesion molecule (sVCAM-1; SMD 0.51) is a strong biomarker of endothelial dysfunction and 

hence a high-risk factor for CVD in both young and the old that are diagnosed with T1D [159].  Both 

types of CAM are surrogate markers that display an increase in pulse pressure and hypertension, 
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leading to progressive arterial stiffness [159].  In this study, the sVCAM-1 showed a remarkably  

significant elevation in the T1D population compared to the healthy control by 20% evidenced by 

both the forest plot (SMD: 0.74; p < 0.00001) and the paired student t-test (p < 0.0001).   

Diabetic nephropathy and renal microangiopathy are classical symptoms of progressive 

deterioration of the kidney functions, which is a grave consequence of T1D [160]. The estimated 

glomerular filtration rate is a reliable parameter of renal disease accompanied by increased serum 

albuminuria, which is also a biomarker of vascular dysfunction [161]. An eGFR below 60 mL/min/1.73 

m2 signifies impaired kidneys [162]. This study has identified the eGFR as a low-risk factor of CVD, 

although it was not confirmed by the paired t-distribution that showed no significant difference 

between the healthy control and the T1D. The mean eGFR value in this study was 122 mL/min/1.73 

m2 which did not indicate impairment of renal functions probably because the mean age of the T1D 

cohort was less than 40 years.  

Interestingly, in this study, the risk of bias which was evaluated using the ROBINS-I tool 

displayed an overall low estimate. The eligible studies that were included, apparently were 

meticulously planned, and carried out (Figures 9 and 10). The publication bias was assessed by funnel 

plots that are included in Figure 10. In most of the included studies, the authors measured the 

traditional risk factors of T1D, but not many studies reported the markers of vascular function or the 

inflammatory biomarkers. For this reason, the number of studies that were more were the ones of BP, 

glycaemic, lipidemic and obesity targets which are apparent from the respective funnel plots. 

However, in the other funnel plots, even though the number of studies are very few, the participant 

number mostly exceeded 100.  

The data published by the Australasian Diabetes Data Network (ADDN) study in its 2023 

publication states that most adolescents and young adults are diagnosed with hypertension, and it 

imposes an additive effect on the other modifiable  risk factors of diabetes such as hyperglycaemia 

and BMI. They recommended careful revision of the existing healthcare models to reflect the true 

nature of diabetes-induced vascular dysfunction in order to establish an effective treatment strategy 

for the younger population, also stating that the diagnosis of elevated BP is often masked, and white-

coat hypertension could become misleading.  However, our findings do not flag hypertension as a 

high- risk factor of CVD which may be due to effective management of the disease with effective 

pharmacotherapies although the outcome of the ADDN study cannot be ignored due to the very large 

sample size [105].  The data published by the SEARCH CVD study, conducted a decade ago, 

measured arterial stiffness with PWV that increased proportionately to the duration of diabetes in 

the youth. The PWV in the present study was identified as a medium risk factor of  vascular 

remodelling, which could still be counted as a reliable measure of arterial stiffness in the youth 

diagnosed with T1D [106].  A large observational cohort study that utilized data from the Swedish 

National Diabetes Registry on limb amputation in the T1D patients had hyperglycaemia and 

impaired renal functions as its strongest contenders, but not LDL-c or BMI which even in the present 

study displayed a low or negligible effect on T1D-associated CVD. Our findings have strong 

implications in improving the quality of life and health economics related to vascular disease in T1D 

patients that introduces a trend shift from the traditional risk factors as better markers of disease 

prognosis.  

This study has several limitations, such as some risk factors were reported by a few studies. 

Contrastingly, the traditional risk factors were reported by almost all the included studies. This 

disparity will be reflected in the final outcome resulting in high and/or low standard deviations or 

standard error of the mean that impacts the effect size. Another limitation is that the study 

populations are distributed worldwide, belonging to different ethnicities, which hugely impacts the 

final outcome, given their differences in genetic, lifestyle and environmental factors. T1D is highly 

influenced by the socioeconomic conditions, educational and financial status, which varies widely 

among the participant populations. Thus it is difficult to maintain consistency in sampling sizes, 

sampling methods and data analysis methods. However, these drawbacks are compensated for by 

the large numbers of participants included per study. There are limitations also in the review process 

such as in retrieving full-text articles of eligible research studies from electronic databases. In some 
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instances the authors do not respond to our requests for full-text reports or data that are missing such 

as the standard deviation.  

The goal of this meta-analysis was to underpin the most reliable of the biomarkers of early 

vascular remodelling in a T1D population of children and youth below the age of 40 years because 

T1D features as a high-risk factor for paediatric CVD-related mortality. Our results agree with certain 

previous publications to date, but the primary outcome of this study has taken a new direction, with 

most of the risk factors that displayed a medium to large effect size being effective biomarkers of 

robust vascular function.  Hence the clinicians and the diagnostic laboratories could further evaluate 

these biomarkers that we have presented in our analysis in future analytical research.  

5. Conclusion 

A total of 12 CVD-predisposed biomarkers have been statistically validated in a meta-analysis 

as the most effective for early vascular dysfunction screening in T1D. These biomarkers were selected 

from an assessment of 28 risk factors that were divided into 6 categories. The evaluation criteria can 

be found in Table 8 and are presented in a pie-chart (Figure 11), which ranks the criteria from most 

effective to least dependable based on the SMD or the effect size of each risk factor, in a forest plot. 

The findings of this meta-analysis indicate that HbA1c% is the most effective biomarker, followed by 

FBG, LDL-C, AI%, sICAM-1 and FMD%,  which the clinicians could evaluate using a simple blood 

tests or non-invasive techniques. Based on these clinical data, personalized treatment strategies, 

including novel medications, islet transplants, gene therapy, mRNA and antibody therapy could be 

implemented because early diagnosis would lead to a better prognosis of these two cohabitant 

diseases that will reduce the risk of premature mortality.  

 

Figure 11. Pie -chart depicting the 12 best biomarkers that were identified in this study, based on the 

effect sizes given in Table 8. 

Table 8. The effect size and level of risk of the best biomarkers identified. 

               EFFECT     
              SIZE 
RISK  

Low Effect (0.2-
0.5) 

Medium (0.5-0.8) 
High  
( >0.8) 

23%

16%

14%

10%

7%

-6%

4%

4%

4%

4%

4%
4%

HbA1c% FBG LDL-C AI% sICAM-1 FMD%

APO A CIMT PWV APO B TNF-a sVCAM-1
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FACTOR                 
HbA1c%   3.42 
FBG   2.37 
LDL-C   2.09 
AI%   1.54 
sICAM-1   1.09 
FMD%   -0.88 
APO-A  0.63  
CIMT  0.62  
PWV  0.60  
APO-B  0.55  
TNF-alpha  0.54  
sVCAM-1  0.51  
IL-6  0.5  
eGFR 0.45   
SBP 0.41   
DBP 0.3   
CRP 0.19   
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Abbreviations 

ACCORD  Action to control cardiovascular risk in type -2 diabetes 

Ach acetylcholine 

ADVANCE Action in diabetes and vascular disease -PreterX and DiamicronN 

controlled evaluation 

AHA American heart association 

AI augmentation index 

ALT alanine transaminase 

APO A-apolipoprotein-A 

APO B apolipoprotein B 

ATIR angiotensin-II type 1 receptor 

BMI body mass index 

BP blood pressure 

BW body weight 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0255.v1

https://doi.org/10.20944/preprints202405.0255.v1


 83 

 

CIMT carotid intima media thickness 

CRP C-reactive protein 

CVD cardiovascular disease/disorders 

DBP diastolic blood pressure 

DCCT/EDIC Diabetes control and complications trial/epidemiology of diabetes 

interventions and complications trial 

ED endothelial deregulation 

eGFR estimated glomerular filtration rate 

EP estimation plot 

EURODIAB/IDDM  European diabetes centres study of complications in patients with 

Insulin-dependent Diabetes Mellitus. 

FBG fasting blood glucose 

FINN/DIANE Finnish diabetic nephropathy study 

FMD flow mediated dilatation 

GGT  gamma glutamyl transferase 

g gram 

HbA1c glycated haemoglobin 

HC  healthy control 

HDL c-high-density lipoprotein-cholesterol 

HT height 

IDF international diabetes federation 

IDF international diabetes federation 

IL 6-interleukin-6 

kg kilograms 

LDL c-low-density lipoprotein-cholesterol 

l litre 

m metre 

MAP mean arterial pressure 

MeSH medical subject headings 

mg/dl milligram per decilitre 

min minutes 

mmol/L millimole per litre 

m/s meters per second 

n number 

NO nitric oxide 

NS not specified 

p probability 

pg/ml picogram per millilitre 

PON-1 paraoxonase-1 

PRISMA  preferred reporting items for systematic reviews and meta-analyses  

PWV pulse wave velocity 

ROBINS-1 risk of bias in non-randomized studies-1 

ROS reactive oxygen species 

SBP systolic blood pressure 

SD standard deviation 

SEARCH-CVD SEARCH for Diabetes in Youth study 

sE-Selectin soluble E-selectin 

sICAM soluble intracellular cell adhesion marker 

SMD standardized mean difference 

sVCAM soluble vascular cell adhesion marker 

TC total cholesterol 

T1D type-1 diabetes 

T2D type-2-diabetes 

TG total triglycerides 

TNF a-tumour necrosis factor-alpha 
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WHO world health organization 

WOS web of science 
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