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Systematic Review 

 

ABSTRACT 

Diabetic neuropathy is a common complication of diabetes mellitus and a major contributing factor to the 
development of diabetic foot ulcers (DFU). Apolipoproteins A1 (ApoA1) and B (ApoB), as well as the 
ApoB/ApoA1 ratio, play a crucial role in lipid metabolism and are believed to be involved in the 
development of neuropathic damage in individuals with diabetes. This study highlights the association 
between ApoA1, ApoB, and the ApoB/ApoA1 ratio with the risk of developing diabetic neuropathy. A 
systematic review was conducted following the PRISMA guidelines. An extensive literature search was 
conducted on December 7, 2024, using multiple databases, including PubMed, ProQuest, EBSCOhost, and 
Medline. There were no language or publication date restrictions. This synthesis relied solely on odds ratios 
(ORs) with 95% confidence intervals (CIs) as effect sizes. Included studies were observational in design, 
examining the association between ApoA1, ApoB, or the ApoB/ApoA1 ratio with diabetic neuropathy in an 
adult population. Of the 320 studies identified, 5 met the criteria for inclusion in the qualitative synthesis 
and meta-analysis, involving 2,756 diabetic patients. Findings showed higher ApoB levels and lower ApoA1 
levels in patients with diabetic neuropathy compared with controls. However, no significant association 
was found between ApoB, ApoA1, or the ApoB/ApoA1 ratio with diabetic neuropathy or DFU risk. This 
review found no significant association between ApoB, ApoA1, or the ApoB/ApoA1 ratio with diabetic 
neuropathy or DFU. Further research is needed to explore their potential role in DM complications. 
 

INTRODUCTION 
Diabetes mellitus (DM) is a chronic metabolic disease characterised by elevated blood 

glucose due to inadequate insulin production or action. Its global burden is rising rapidly.1 In 
2021, an estimated 537 million adults (10.5% of the global adult population) had DM, with a 
significant proportion being older adults.2 Indonesia ranks fifth globally, with 19.47 million 
people affected, a number projected to rise to 30 million by 2030.3,4 

One of the most debilitating complications of DM is diabetic neuropathy, affecting sensory, 
motor, and autonomic nerves.5 Prolonged hyperglycemia leads to nerve damage, manifesting as 
pain, numbness, and loss of function, and in severe cases, progressing to diabetic foot ulcers 
(DFUs).6–8 Approximately 20% of DFU patients require lower-extremity amputation, either minor 
or major, with a one-year mortality rate of 10% following the initial diagnosis.8,9 

Beyond hyperglycemia, recent studies emphasise the role of lipid metabolism, particularly 
apolipoproteins, in DM progression and complications.10 Apolipoprotein A1 (ApoA1), associated 
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with HDL, exerts protective effects through antioxidant and anti-inflammatory mechanisms and 
enhances insulin sensitivity.11 In contrast, Apolipoprotein B (ApoB), a key component of LDL and 
VLDL, contributes to atherogenesis, inflammation, and insulin resistance.12 Evidence from in vitro 
and animal studies suggests that ApoA1 and ApoB influence fasting blood glucose levels by 
modulating the function of pancreatic beta-cells and insulin secretion.13,14 In addition, 
epidemiological and clinical studies have examined the relationships between circulating levels 
of ApoA1, ApoB, and the ApoB/A1 ratio with fasting glucose levels and type 2 DM (T2DM).15 These 
studies generally indicate an inverse or non-significant association between ApoA1 and fasting 
glucose, while ApoB and the ApoB/A1 ratio show positive correlations with elevated fasting 
glucose levels and a higher risk of T2DM. The inconsistent findings related to ApoA1 and T2DM 
indicate that these associations could be affected by demographic characteristics, genetic 
predispositions, and metabolic conditions.10 Nevertheless, existing evidence consistently 
highlights the involvement of ApoB and the ApoB/A1 ratio in promoting insulin resistance, 
disrupting normal glucose metabolism. 

The underlying mechanisms linking ApoB to insulin resistance and hyperglycemia include 
its role in promoting chronic inflammation and oxidative stress. Meanwhile, ApoA1 appears to 
enhance antioxidant enzyme activity and support beta-cell function, thereby maintaining glucose 
homeostasis.10,12,13 The ApoB/ApoA1 ratio, widely recognised as a predictor of cardiovascular 
risk, has also been implicated in DM-related complications.16,17 In patients with DM, an imbalance 
between ApoA1 and ApoB is believed to exacerbate inflammatory processes and nerve damage, 
potentially contributing to the progression of diabetic neuropathy.18,19 

Despite growing evidence of these associations, no systematic review has been conducted, 
to our knowledge, that thoroughly examines the relationship between ApoA1, ApoB, and the 
ApoB/ApoA1 ratio with the risk of developing diabetic neuropathy. Therefore, this study 
reviewed and consolidated current evidence on these associations. Gaining deeper insight into 
apolipoproteins role in diabetic neuropathy initiation may provide new insights for risk 
stratification, prevention strategies, and more targeted management of DM complications. 
 

METHODS 
This research was conducted following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) framework and followed the methodological standards 
outlined in the Cochrane Handbook for Systematic Reviews. 

 
Search strategy and databases 

A systematic literature search was conducted on December 7, 2024, utilising multiple 
electronic databases, including PubMed, ProQuest, EBSCOhost, and Medline. To ensure the 
quality and rigour of the search process, the Peer Review of Electronic Search Strategies (PRESS) 
Checklist was used as a guideline for developing and refining the strategy. The search was 
conducted without restrictions on publication date or language, allowing for the inclusion of all 
potentially relevant studies. Articles published in languages other than English were translated 
using Google Translate or other reliable tools to ensure no valuable data was overlooked. 

The keyword combination strategy incorporated both Medical Subject Headings (MeSH) 
and free-text terms, combined using Boolean operators (AND, OR). In PubMed, the search string 
included terms such as: ("Diabetic Neuropathies"[Mesh] OR "diabetic neuropathy" OR 
"peripheral neuropathy" OR "neuropathic complications") AND ("Apolipoproteins A"[Mesh] OR 
"Apolipoprotein A1" OR "ApoA1") AND ("Apolipoproteins B"[Mesh] OR "Apolipoprotein B" OR 
"ApoB") AND ("Apolipoprotein B/A1 Ratio" OR "ApoB/ApoA1" OR "ApoB:ApoA1"). Similar terms 
were used in ProQuest, EBSCOhost, and Medline, with syntax adjusted according to each 
platform’s requirements. Across all platforms, the searches were limited to human studies 
involving adult populations aged 18 years and above. 

In addition to database searches, the reference lists of all included studies were manually 
screened to identify any further relevant publications. Searches of grey literature and preprint 
platforms were also conducted to capture the most recent and unpublished studies. This 
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comprehensive, multi-step approach was designed to minimise the risk of omitting eligible 
studies and to enhance the overall robustness of the systematic review. 

 
Study inclusion and data extraction 

Studies considered eligible for inclusion in this review were those with observational 
designs, specifically cross-sectional, cohort, or case-control studies, which investigated ApoB, 
ApoA1, and the ApoB/ApoA1 ratio relationship with diabetic neuropathy occurrence or risk in 
adult populations. Studies that did not meet these criteria—such as duplicates, interventional, 
reviews, case reports, and conference abstracts—were excluded. Interventional studies were 
excluded to ensure methodological consistency and focus on observational evidence in humans. 
Although such studies, including those in animals, may offer mechanistic insights, their controlled 
settings and limited generalisability do not align with the real-world clinical focus of this review. 

Duplicate records were removed using reference management software. Two independent 
reviewers screened titles and abstracts using predefined inclusion and exclusion criteria. 
Discrepancies were resolved through discussion or adjudicated by a third reviewer. Full texts of 
potentially relevant articles were assessed to confirm eligibility. 

Data were extracted into Microsoft Excel, including publication year, country, study design, 
sample size, participant age, apolipoprotein markers evaluated (ApoA1, ApoB, ApoB/A1 ratio), 
and outcomes related to diabetic neuropathy. This standardised process ensured consistent and 
accurate data capture across studies. 

 
Risk of bias and publication bias 

The risk of bias assessment was conducted independently by multiple researchers to 
ensure objectivity and minimise reviewer bias. For studies with cohort and case-control designs, 
the Newcastle–Ottawa Scale (NOS) was employed as the primary assessment tool. This scale 
evaluates studies based on three key domains: selection of study groups, comparability of groups, 
and ascertainment of the outcome and exposure of interest. Each study could receive a maximum 
of nine stars, with higher scores indicating greater quality of methodology. For studies utilising a 
cross-sectional design, an adapted NOS version specifically tailored for cross-sectional studies 
(NOS-CS) was applied. This tool uses similar criteria but is modified to suit the characteristics of 
cross-sectional research, evaluating aspects such as sample representativeness, measurement of 
exposure and outcome, and control for confounding factors.   

In both types of assessments, studies that received a score of seven stars or more were 
categorised as having a low risk of bias, while those scoring fewer than seven stars were assessed 
to be high risk of bias, indicating potential concerns regarding methodological rigour or study 
validity. Differences in scoring between reviewers were addressed through discussion to reach a 
consensus. Furthermore, funnel plots were created and examined visually to assess potential 
publication bias among the included studies. Asymmetry in the funnel plots was interpreted as a 
potential indication of publication bias. 
 
Synthesis methods 

All statistical analyses were performed using STATA version 15. The primary outcome 
measure was the odds ratio (OR) with 95% confidence intervals (CIs). If studies reported 
alternative effect sizes such as hazard ratios (HRs), relative risks (RRs), or standardised mean 
differences (SMDs), these were converted to ORs using validated statistical methods.20 

For continuous data reported as medians and interquartile ranges (IQRs), values were 
converted to means and standard deviations (SDs) using established formulas.21 When necessary, 
SMDs were transformed to log ORs (lnORs) and corresponding standard errors to facilitate meta-
analysis pooling.22   

Heterogeneity was assessed using the I² statistic with 95% uncertainty intervals, and tau² 
(τ²) was reported as a variance estimate. An I² ≥ 60% was interpreted as substantial 
heterogeneity, warranting the use of a random-effects model (DerSimonian & Laird method). 
Fixed-effects models were applied for I² < 60%. Sensitivity analyses were conducted by excluding 
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studies identified as high risk of bias to assess the robustness of the pooled estimates. 
 
Methodological limitations 

Key methodological limitations were also acknowledged. First, potential misclassification 
bias may arise due to variation in the diagnostic criteria for diabetic neuropathy across included 
studies, which could affect outcome consistency. Second, the effect of converting diverse effect 
sizes, such as HR, SMD, and RR, into OR was carefully considered. Although these transformations 
enabled statistical pooling, they may introduce interpretational challenges and reduce 
comparability across studies. This is particularly relevant when original effect sizes represent 
time-to-event outcomes (as with HRs) or continuous outcomes (as with SMDs), which are 
simplified into binary associations when expressed as ORs. 

  
RESULTS 
Study selection  

A total of 320 records were identified through systematic searches conducted across 
multiple databases (Figure 1). These records were first subjected to a duplicate screening 
process, during which 137 duplicate entries were removed to ensure data accuracy and eliminate 
redundancy. Following the removal of duplicates, 183 unique records remained for further 
screening based on titles and abstracts. At this stage, each record was carefully reviewed to assess 
its relevance according to predefined inclusion and exclusion criteria. As a result, 162 articles 
were excluded, either due to the irrelevance of the study focus or because they failed to address 
the outcomes of interest. The remaining 21 articles underwent full-text assessment for eligibility. 
During this thorough evaluation, each study was carefully inspected to decide its appropriateness 
for review inclusion. Out of these, 16 studies were excluded. The reasons for exclusion were 
carefully documented: 14 studies were excluded because the outcomes reported were not 
relevant to the objectives of this review, and 2 studies were removed because they lacked 
sufficient quantitative data required for meta-analysis. Ultimately, 5 studies met all eligibility 
criteria and were included in the qualitative and quantitative analysis. 
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Figure 1. Study Selection Process 

Study characteristics 
Five studies from different countries were included in this review, all of which examined 

the role of apolipoprotein markers in patients with diabetes experiencing neuropathic 
complications, including DFU. These studies were published between 2010 and 2022 and 
encompassed a variety of research designs: two were case-control studies, one was a case-cohort 
study, one employed a cohort design, and one was a cross-sectional study. Across these studies, 
the total sample size consisted of 2,756 participants, with individual study sample sizes ranging 
from 152 to 1,057 diabetic patients. The types of neuropathies evaluated varied, including both 
generalised diabetic neuropathy and diabetic foot-specific neuropathy.   

The studies assessed three key apolipoprotein indicators: ApoB (analysed in four studies), 
ApoA1 (in three studies), and the ApoB/ApoA1 ratio (in two studies). A detailed summary of each 
study’s characteristics can be found in Table 1. Overall, the findings consistently showed that 
ApoB levels were elevated in diabetic patients with neuropathy when compared to those without 
neuropathic complications. Conversely, ApoA1 levels were generally lower in neuropathic 
patients, with the study by Nanda et al. particularly highlighting this trend. The ApoB/ApoA1 ratio 
showed relatively minor differences between neuropathy patients and control groups; however, 
certain studies reported a modest increase in this ratio among diabetic individuals with 
neuropathy. 
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Table 1. Study Characteristics 

Author Year 
Count

-ry 
Study 

Design 

Sam
-ple 
(N) 

Age 

MeanSD/ 

Median 

(IQR) 

Neuropat-
hy Type 

Apolipop
-rotein 

Indicator 

Study 

MeanSD/ 

Median 

(IQR) 

Control 

MeanSD/ 

Median 

(IQR) 

Gonzalez 
et al.23 

2010 Spain 
Case-

control 
study 

198  6810.4 
Diabetic 

foot 
Apo B 1.070.30 0.960.25 

Aryan et 
al.24 

2017 Iran 
Case-

control 
study 

939  57.9±9.7 
Neuropath

y 

Apo B, 88.1±27.5 85.8±26.2 

Apo A1, 141.8±28.5 135.6±27.9 

Apo 
B/Apo A1 

ratio 
0.63±0.22 0.64±0.24 

Moosaie 
et al.25 

2020 Iran 
Case-

cohort 
study 

105
7  

59.3±9.14 
Neuropath

y 

Apo B 
92.21 
27.90 

91.0726.82 

Apo A1 
131.58 

29.35 
134.07 

28.89 

Apo 
B/Apo A1 

ratio 
0.710.36 0.680.32 

Rinkel et 
al.26 

2021 
Nethe
rlands 

Cohort-
study 

410  
65.7(54.5-

75.4) 
Diabetic 

Foot 
Apo B 0.9 (0.6–1.2) 0.9 (0.8–1.1) 

Nanda et 
al.27 

2022 India 
Cross-
section
al study 

152  51.37 ± 10 

Neuropath
y and 

diabetic 
foot 

Apo A1 76.031.5 97.024.5 

 
Risk of bias 

All five studies in this review demonstrated a low risk of bias, as indicated by their scores 
of ≥7 on the NOS. The consistently high scores across these studies suggest that they employed 
rigorous research designs, minimised potential confounding factors, and utilised reliable 
methods for data collection and outcome assessment. A comprehensive overview of the risk of 
bias for each study is presented in the supplementary materials 
 
Sensitivity analysis 

To assess the robustness of the pooled results, sensitivity analyses were planned by 
excluding studies with a high risk of bias. However, since all five included studies were rated as 
having low risk of bias based on the NOS, no studies were excluded. As a result, the original pooled 
estimates remained unchanged, and further sensitivity analyses were not necessary. 
 
Association between ApoB levels and neuropathy/DFU 

Four studies explored the relationship between ApoB levels and the presence of 
neuropathy or DFU. The combined analysis revealed that there was no statistically significant 
association between elevated ApoB levels and the occurrence of neuropathy or DFU (OR = 1.1; 
95% CI: 0.93–1.27; p > 0.05). The heterogeneity among these studies was moderate (I² = 37%, 
τ²=0.024), suggesting that the results were relatively consistent across different study 
populations and designs. These findings indicate that, although ApoB is known for its role in lipid 
metabolism and cardiovascular risk, its direct contribution to the development of neuropathic 
complications in diabetic patients remains unclear based on the current evidence (Figure 2). 
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Figure 2. Association between ApoB levels and neuropathy/DFU 

 

Association between ApoA1 levels and neuropathy/DFU 
Three studies investigated the ApoA1 levels and the presence of neuropathy or DFU 

association. The pooled analysis did not demonstrate a significant relationship, with an odds ratio 
of 0.86 (95% CI: 0.20–1.52; p > 0.05). However, a high degree of heterogeneity was observed 
among these studies (I² = 96.2%, τ²=0.810), indicating considerable variability in the study 
populations, methodologies, or outcomes. Despite the known protective role of ApoA1 in 
metabolic and inflammatory processes, the current evidence does not consistently support its 
association with neuropathic complications in diabetic patients (Figure 3). 

 

 
Figure 3. Association between ApoA1 levels and neuropathy/DFU 

 

Association between the ratio of ApoB/ApoA1 levels and neuropathy/DFU 
Two studies explored the association between the ApoB/ApoA1 ratio and the occurrence 

of neuropathy or DFU. The combined results revealed no significant correlation, with an odds 
ratio of 1.01 (95% CI: 0.84–1.17; p > 0.05). The heterogeneity between these studies was 
moderate (I² = 42.6%, τ²=0.031), suggesting some variability in study designs or populations, but 
not to an extent that undermines the overall analysis. Although the ApoB/ApoA1 ratio is widely 
recognised as a marker for cardiovascular risk and metabolic imbalance, current evidence does 
not indicate a direct association with neuropathic complications in diabetes (Figure 4).  
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Figure 4. Association between the ratio of ApoB/ApoA1 levels and neuropathy/DFU 

 
 

Publication bias 
Publication bias was examined in the studies exploring the association between ApoB and 

ApoA1 levels and the risk of diabetic neuropathy, as shown in the supplementary materials. This 
suggests that smaller or negative studies in these areas may be underrepresented in the 
published literature. In contrast, no signs of publication bias were found in analyses evaluating 
the ApoB/ApoA1 ratio and neuropathy association, indicating more consistent and balanced 
reporting of results in that particular area. 

 
DISCUSSION 

This systematic review evaluated the association between apolipoprotein markers—ApoB, 
ApoA1, and the ApoB/ApoA1 ratio—and the risk of diabetic neuropathy and diabetic foot ulcers 
(DFU). Our analysis found no statistically significant associations between these biomarkers and 
the occurrence of neuropathy or DFU. However, this absence of association should not be 
construed as definitive evidence of no relationship. Rather, it likely reflects current limitations in 
the available evidence, including methodological heterogeneity, small sample sizes, and 
unmeasured confounding variables. Given these constraints, the clinical utility of these 
biomarkers in this context remains uncertain, and we do not support their use as standalone 
screening tools for neuropathy or DFU at this time.  

Our findings are consistent with those of Ulloque-Badaracco et al., who also reported no 
significant association between ApoA1, ApoB, or their ratio and DFU risk.28 However, they differ 
from the findings of Nanda et al., who observed that lower ApoA1 levels were associated with 
increased DFU risk.27 ApoA1, the principal protein component of HDL, is well-known for its anti-
inflammatory and anti-atherogenic properties, particularly its role in modulating macrophage 
activity.27 It promotes M2 macrophage polarization and upregulates IL-10, thereby reducing pro-
inflammatory cytokine expression. Animal studies further support these mechanisms, showing 
that ApoA1 administration can suppress inflammation through multiple pathways.29 In clinical 
settings, particularly among patients with DFU, markedly lower ApoA1 levels have been 
observed, underscoring its role as a potential independent biomarker for DFU complications.25,27 
Although our meta-analysis did not find a significant association between ApoA1 and diabetic 
neuropathy, the inverse correlation between ApoA1 and TNF-α observed in some studies 
suggests a biologically plausible anti-inflammatory role that may influence neuropathy 
development. This relationship, however, may be obscured in pooled analyses by residual 
confounding and varying diagnostic criteria.27,30  

Similarly, while ApoB levels were not statistically elevated in patients with diabetic 
neuropathy, a consistent trend toward higher ApoB concentrations was observed. ApoB has a 
central role in lipid metabolism by facilitating the assembly, secretion, and transport of 
lipoproteins.31 Its two major forms, ApoB-48 and ApoB-100, serve distinct physiological functions 
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— the former mediates dietary lipid transport from the intestine, while the latter is involved in 
hepatic VLDL formation and regulation through LDL receptor interactions.32,33 In diabetic 
patients, chronic hyperglycemia and insulin resistance often derange lipid metabolism, thereby 
increasing VLDL and LDL levels and contributing to hyperlipidemia and atherosclerosis. This 
vascular dysfunction may impair nerve perfusion, contributing to the development of diabetic 
neuropathy.32 Thus, while the current statistical analysis did not show a significant effect, the 
biological plausibility of ApoB’s involvement in neuropathy remains strong and warrants further 
investigation.31,34 

The ApoB/ApoA1 ratio serves as a crucial indicator of lipid metabolism, reflecting the 
balance between HDL and LDL.35 This ratio is vital for cardiovascular health and may have 
implications for conditions such as diabetic neuropathy. HDL transports cholesterol to the liver 
for excretion, therefore reducing cardiovascular disease risk, while LDL can contribute to 
atherosclerotic plaque formation, elevating the risk of stroke and cardiovascular disease. A 
balanced ApoB/ApoA1 ratio indicates a healthier lipid profile.35,36 However, current evidence on 
its direct association with diabetic neuropathy and DFU remains inconclusive. The limited 
number of studies, along with conflicting findings, highlights the need for more robust research 
to determine whether this ratio could serve as a predictive marker for diabetic microvascular 
complications. Given the limited prognostic performance of apolipoproteins in this context, 
future studies should also consider alternative biomarkers involved in key pathophysiological 
pathways, such as oxidative stress, endothelial dysfunction, and neuroinflammation. Promising 
candidates include malondialdehyde (MDA), advanced glycation end-products (AGEs), and 
proinflammatory cytokines such as IL-6 and TNF-α.37 

This systematic review also has several limitations that should be acknowledged. First, the 
analysis did not adjust for potential confounding factors such as lifestyle behaviours, 
sociodemographic characteristics, glycemic control, or other comorbid conditions, all of which 
may influence apolipoprotein levels and neuropathy risk. Future studies should aim to 
incorporate these variables into their analyses to provide more accurate and unbiased estimates. 
Second, publication bias was detected for studies examining ApoB and ApoA1, suggesting that 
smaller or non-significant findings may be underrepresented in the literature. This emphasises 
the need for greater transparency in research reporting and the inclusion of negative or null 
findings in future publications. Third, we acknowledge that variations in apolipoprotein assay 
methods across the included studies—such as differences in laboratory protocols, calibration 
standards, and reference ranges—may have introduced measurement heterogeneity, potentially 
affecting the comparability of results. Finally, the relatively small number of eligible studies and 
the heterogeneity among their methodologies limit the generalisability of these findings. 

 

CONCLUSION 
Analysis of the available studies revealed no statistically significant association between 

ApoB, ApoA1, or the ApoB/ApoA1 ratio and the risk of diabetic neuropathy or diabetic foot 
complications. Although these biomarkers currently lack consistent prognostic value, their 
mechanistic roles in nerve ischemia and inflammation warrant further investigation in 
phenotypically stratified cohorts. These findings highlight the need for future research using 
longitudinal and multi-omics approaches to better understand apolipoprotein involvement in 
neuropathy. While current evidence does not support the routine clinical use of these markers, 
continued exploration may inform more personalised screening strategies. 

  

CONFLICT OF INTEREST 
The authors state that they have no conflicts of interest related to the publication of this 

article. 

 

REGISTRATION AND PROTOCOL 
This review was not registered.  



JKKI 2025;16(2): 280-291   Gosal, et al. Association between ApoA1, ApoB… 

289 

 

ACKNOWLEDGMENTS 
None. 

 

DATA AVAILABILITY STATEMENT 
All data generated or analysed in this study are presented within the published article and 

its supplementary materials. Additional datasets used and/or analysed during the study can be 
obtained from the corresponding author upon reasonable request. 

 
SUPPLEMENTARY MATERIAL(S) 

The following supporting information can be found in the supplementary materials: 
• Appendix 1: Risk of bias assessment (the Newcastle–Ottawa Scale (NOS) and adapted NOS for 

cross-sectional studies). 
• Appendix 2: Funnel plot for publication bias. 
• Appendix 3: Syntax and PRESS Checklist 
• Appendix 4: PRISMA Checklist 
 

AUTHOR CONTRIBUTIONS 
All authors (EG, TD, AS and IB) contributed significantly to the research. EG, TD, AS and IB 

conceptualised the study, as well as data collection. EG and TD conducted the risk of bias 
assessment and performed the data analysis, while AS and IB interpreted the results. The 
manuscript was drafted by EG and TD, with all authors actively participating in the critical 
revision and finalisation of the manuscript. 

 
DECLARATION OF USING AI 

Artificial intelligence (AI) tools were used in the preparation of this manuscript to assist 
with tasks such as grammar refinement, sentence restructuring, formatting suggestions, and 
improving overall clarity. The content, interpretation of results, and scientific arguments 
presented in the manuscript were developed and validated by the authors, who take full 
responsibility for their accuracy and integrity. No AI tool was used to generate or interpret 
original scientific findings, statistical analyses, or study conclusions. 

 
LIST OF ABBREVIATIONS 

ApoA1 (Apolipoprotein A1), ApoB (Apolipoprotein B), DM (Diabetes Mellitus), DFU (Diabetic Foot 
Ulcer), IDF (International Diabetes Federation), VLDL (Very Low-Density Lipoproteins), LDL (Low-Density 
Lipoproteins), HDL (High-Density Lipoproteins), TNF-α (Tumor Necrosis Factor-alpha), IL-10 (Interleukin-
10), PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses), NOS (Newcastle–
Ottawa Scale), NOS-CS (Newcastle–Ottawa Scale for Cross-Sectional Studies), OR (Odds Ratio), CI 
(Confidence Interval), IQR (Interquartile Range), SD (Standard Deviation), and lnOR (Natural Logarithm of 
Odds Ratio). 

 

REFERENCES 
1. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB, et al. 

Pathophysiology of type 2 diabetes mellitus. International Journal of Molecular Sciences 
2020;21(17):6275. DOI: 10.3390/ijms21176275. 

2. Fang L, Sheng H, Tan Y, Zhang Q. Prevalence of diabetes in the USA from the perspective of 
demographic characteristics, physical indicators and living habits based on NHANES 2009-
2018. Frontiers in Endocrinology 2023;14:1088882. DOI: 10.3389/fendo.2023.1088882. 

3. Prabowo MH, Febrinasari RP, Pamungkasari EP, et al. Health-related quality of life of patients 
with diabetes mellitus measured with the Bahasa Indonesia version of EQ-5D in primary care 
settings in Indonesia. J Prev Med Public Health 2023;56(5):467–474. DOI: 
10.3961/jpmph.23.229. 

4. Anonymous. Diabetes :Penderita di Indonesia bisa mencapai 30 juta orang pada tahun 2030 



JKKI 2025;16(2): 280-291   Gosal, et al. Association between ApoA1, ApoB… 

290 

 

- penyakit tidak menular Indonesia. n.d. Available from: 
https://p2ptm.kemkes.go.id/tag/diabetes-penderita-di-indonesia-bisa-mencapai-30-juta-
orang-pada-tahun-2030 [Last accessed: 12/12/2024]. 

5. Volmer-Thole M, Lobmann R. Neuropathy and diabetic foot syndrome. Int J Mol Sci 
2016;17(6):917. DOI : 10.3390/ijms17060917. 

6. Bodman MA, Dreyer MA, Varacallo M. Diabetic peripheral neuropathy. In: StatPearls 
StatPearls Publishing: Treasure Island (FL); 2024. 

7. Feldman EL, Callaghan BC, Pop-Busui R, Zochodne DW, Wright DE, Bennett DL, et al. Diabetic 
neuropathy. Nat Rev Dis Primers 2019;5(1):1–18. DOI: 10.1038/s41572-019-0092-1. 

8. Ramsey DJ, Kwan JT, Sharma A. Keeping an eye on the diabetic foot: The connection between 
diabetic eye disease and wound healing in the lower extremity. World J Diabetes 
2022;13(12):1035–1048. DOI: 10.4239/wjd.v13.i12.1035. 

9. McDermott K, Fang M, Boulton AJM, Selvin E, Hicks CW. Etiology, epidemiology, and 
disparities in the burden of diabetic foot ulcers. Diabetes Care 2022;46(1):209–221. DOI: 
10.2337/dci22-0043. 

10. Gao L, Zhang Y, Wang X, Dong H. Association of apolipoproteins A1 and B with type 2 diabetes 
and fasting blood glucose: a cross-sectional study. BMC Endocr Disord 2021;21:59. DOI: 
10.1186/s12902-021-00726-5. 

11. van der Vorst EPC. High-density lipoproteins and apolipoprotein A1. Subcell Biochem 
2020;94:399–420. DOI: 10.1007/978-3-030-41769-7_16. 

12. Andersen LH, Miserez AR, Ahmad Z, Andersen RL. Familial defective apolipoprotein B-100: 
A review. J Clin Lipidol 2016;10(6):1297–1302. DOI: 10.1016/j.jacl.2016.09.009. 

13. Retnakaran R, Ye C, Connelly PW, Hanley AJ, Sermer M, Zinman B. Serum apoA1 
(Apolipoprotein A-1), Insulin resistance, and the risk of gestational diabetes mellitus in 
human pregnancy-brief report. Arterioscler Thromb Vasc Biol 2019;39(10):2192–2197. DOI: 
10.1161/ATVBAHA.119.313195. 

14. Domingo-Espín J, Nilsson O, Bernfur K, Giudice RL, Lagerstedt JO. Site-specific glycations of 
apolipoprotein A-I lead to differentiated functional effects on lipid-binding and on glucose 
metabolism. Biochim Biophys Acta Mol Basis Dis 2018;1864(9 Pt B):2822–2834. DOI: 
10.1016/j.bbadis.2018.05.014. 

15. Mellor DD, Georgousopoulou EN, D’Cunha NM, Naumovski N, Chrysohoou C, Tousoulis D, et 
al. Association between lipids and apolipoproteins on type 2 diabetes risk; moderating effects 
of gender and polymorphisms; the ATTICA study. Nutr Metab Cardiovasc Dis 
2020;30(5):788–795. DOI: 10.1016/j.numecd.2020.01.008. 

16. Li C, Yang X, Zhong Y, Wang W, Jin X, Bian L, et al. Apolipoprotein B/Apolipoprotein A1 ratio 
is an independent prognostic factor in pancreatic cancer. Translational Oncology 
2025;51:102208. DOI: 10.1016/j.tranon.2024.102208. 

17. Reynoso-Villalpando GL, Sevillano-Collantes C, Valle Y, Moreno-Ruiz I, Padilla-Gutierrez JR, 
Canizo-Gomez FJD. ApoB/ApoA1 ratio and non-HDL-cholesterol/HDL-cholesterol ratio are 
associated to metabolic syndrome in patients with type 2 diabetes mellitus subjects and to 
ischemic cardiomyopathy in diabetic women. Endocrinol Diabetes Nutr 2019;66(8):502–
511. DOI: 10.1016/j.endinu.2019.03.019. 

18. Casillas FA, Fernández DEM, Valle Y, Ramirez MA, Parra-Reyna B, Pulido SS, et al. APOA1 (-75 
G>A and 83 C>T) and APOB (2488 C>T) polymorphisms and their association with 
myocardial infarction, lipids and apolipoproteins in patients with type 2 diabetes mellitus. 
Arch Med Sci 2022;18(6):1438–1445. DOI: 10.5114/aoms/108674. 

19. Albitar O, D’Souza CM, Adeghate EA. Effects of lipoproteins on metabolic health. Nutrients 
2024;16(13):2156. DOI: 10.3390/nu16132156. 

20. Mirzazadeh A, Malekinejad M, Kahn J. Relative risk reduction as a metric to standardize effect 
size for public health interventions for translational research: Methods and applications. J 
Clin Epidemiol 2015;68(3):317–323. DOI: 10.1016/j.jclinepi.2014.11.013. 

21. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the 
sample size, median, range and/or interquartile range. BMC Medical Research Methodology 



JKKI 2025;16(2): 280-291   Gosal, et al. Association between ApoA1, ApoB… 

291 

 

2014;14(1):135. DOI: 10.1186/1471-2288-14-135. 
22. Gallardo-Gómez D, Richardson R, Dwan K. Standardized mean differences in meta-analysis: 

A tutorial. Cochrane Evidence Synthesis and Methods 2024;2(3):e12047. DOI: 
10.1002/cesm.12047. 

23. González R, Pedro T, Real JT, Martinez-Hervas S, Abellan MR, Lorente R, et al. Plasma 
homocysteine levels are associated with ulceration of the foot in patients with type 2 diabetes 
mellitus. Diabetes Metab Res Rev 2010;26(2):115–120. DOI: 10.1002/dmrr.1061. 

24. Aryan Z, Afarideh M, Ghajar A, Esteghamati S, Esteghamati A, Nakhjavani M. Conflicting 
interactions of apolipoprotein A and high density lipoprotein cholesterol with microvascular 
complications of type 2 diabetes. Diabetes Res Clin Pract 2017;133:131–141. DOI: 
10.1016/j.diabres.2017.07.037. 

25. Moosaie F, Firouzabadi FD, Abouhamzeh K, Esteghamati S, Meysamie A, Rabizadeh S, et al. 
Lp(a) and Apo-lipoproteins as predictors for micro- and macrovascular complications of 
diabetes: A case-cohort study. Nutr Metab Cardiovasc Dis 2020;30(10):1723–1731. DOI: 
10.1016/j.numecd.2020.05.011. 

26. Rinkel WD, Castro Cabezas M, Coert JH. A new application of the Rotterdam Diabetic Foot 
Study Test Battery: grading pedal sensory loss to predict the risk of foot ulceration. Diabetes 
Res Clin Pract 2021;175:108836. DOI: 10.1016/j.diabres.2021.108836. 

27. Nanda R, Patel S, Ghosh A, Asha KS, Mohapatra E. A study of apolipoprotein A1(ApoA1) and 
interleukin-10(IL-10) in diabetes with foot ulcers. Biomedicine (Taipei) 2022;12(1):30–38. 
DOI: 10.37796/2211-8039.1279. 

28. Ulloque-Badaracco JR, Mosquera-Rojas MD, Hernandez-Bustamante EA, et al. Association 
between lipid profile and apolipoproteins with risk of diabetic foot ulcer: A systematic review 
and meta-analysis. International Journal of Clinical Practice 2022;2022(1):5450173. DOI: 
10.1155/2022/5450173. 

29. Medbury HJ, Williams H, Li S, Fletcher JP. The bidirectional relationship between cholesterol 
and macrophage polarization. J Clin Cell Immunol 2015;6:303. DOI: 10.4172/2155-
9899.1000303. 

30. King TW, Cochran BJ, Rye K-A. ApoA-I and diabetes. Arteriosclerosis, Thrombosis, and 
Vascular Biology 2023;43(8):1362–1368. DOI: 10.1161/ATVBAHA.123.318267. 

31. Borén J, Taskinen M-R, Packard CJ. Biosynthesis and Metabolism of ApoB-Containing 
Lipoproteins. Annual Review of Nutrition 2024;44(1):179–204. DOI: 10.1146/annurev-nutr-
062222-020716. 

32. Mehta A, Shapiro MD. Apolipoproteins in vascular biology and atherosclerotic disease. Nature 
Reviews Cardiology 2022;19(3):168–179. DOI: 10.1038/s41569-021-00613-5. 

33. Kounatidis D, Vallianou NG, Poulaki A, Evangelopoulos A, Panagopoulos F, Stratigou T, et al. 
ApoB100 and atherosclerosis: What’s new in the 21st century? Metabolites 2024;14(2):123. 
DOI: 10.3390/metabo14020123. 

34. Luciani L, Pedrelli M, Parini P. Modification of lipoprotein metabolism and function driving 
atherogenesis in diabetes. Atherosclerosis 2024;394:117545. DOI: 
10.1016/j.atherosclerosis.2024.117545. 

35. Fu C, Liu D, Liu Q, Wang X, Ma X, Pan H, et al. Revisiting an old relationship: the causal 
associations of the ApoB/ApoA1 ratio with cardiometabolic diseases and relative risk 
factors—a mendelian randomization analysis. Cardiovasc Diabetol 2024;23:51. DOI: 
10.1186/s12933-024-02140-2. 

36. Kaneva AM, Potolitsyna NN, Bojko ER, Odland JO. The apolipoprotein B/apolipoprotein A-I 
ratio as a potential marker of plasma atherogenicity. Dis Markers 2015;2015:591454. DOI: 
10.1155/2015/591454. 

37. Chong ZZ, Souayah N. Crumbling Pathogenesis and Biomarkers for Diabetic Peripheral 
Neuropathy. Biomedicines 2025;13(2):413. DOI: 10.3390/biomedicines13020413. 

 


