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Abstract: Introduction: Prediabetes is a significant public health concern due to its high risk of progressing to diabetes. 
Anthropometric measures of obesity, including body mass index (BMI), waist circumference (WC), and waist-to-height 
ratio (WHtR) have been demonstrated as key risk factors in the development of prediabetes. However, there is a lack of 
clarity on the diagnostic accuracy and cut-off points of these measures. 

Objective: To determine the diagnostic accuracy of these anthropometric measures for their most effective use in 
identifying prediabetes. 

Methodology: A systematic review (SR) with metanalysis of observational studies was carried out. The search was 
conducted in four databases: Pubmed/Medline, SCOPUS, Web of Science, and EMBASE. For the meta-analysis, 
sensitivity and specificity, together with their 95% confidence intervals (CI 95%) were calculated. 

Results: Among all the manuscripts chosen for review, we had four cross-sectional studies, and three were classified as 
cohort studies.  

The forest plots showed the combined sensitivity and specificity for both cross-sectional and cohort studies. For cross-
sectional studies, the values were as follows: BMI had a sensitivity of 0.63 and specificity of 0.56, WC had a sensitivity of 
0.59 and specificity of 0.58, and WHtR had a sensitivity of 0.63 and specificity of 0.73. In the cohort studies, the 
combined sensitivity and specificity were: BMI at 0.70 and 0.45, WC at 0.68 and 0.56, and WHtR at 0.68 and 0.56, 
respectively. All values are provided with 95% confidence intervals. 

Conclusions: This systematic review and meta-analysis evaluated the diagnostic accuracy of BMI, WC, and WHtR in 
identifying prediabetes. The results showed variations in sensitivity and specificity, with WHtR having the highest 
specificity in cross-sectional studies and BMI having improved sensitivity in cohort studies. 

Keywords: Prediabetic state, body weights and measures, body mass index, waist circumference, waist-height 
ratio, sensitivity and specificity (source: MeSH NLM). 

INTRODUCTION  

Prediabetes occurs when blood sugar levels are 
higher than normal, but not yet high enough to be 
diagnosed as diabetes. Patients with prediabetes are 
prone to developing diabetes, making it a significant 
public health issue [1]. Each year, it is estimated that 
5% to 10% of patients with prediabetes will develop 
diabetes [2]. Additionally, about 70% of those 
diagnosed with prediabetes would present with 
diabetes at some point in their lives [3]. 

Globally, the prevalence of prediabetes varies: In 
China, it is 35.7% [4]. In a meta-analysis that included 
Caucasian and Asian populations, the prevalence of 
high glucose levels reached 53.1% [5]. In a study that  
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processed data from 200 countries, in 2019, it was 
estimated that the global prevalence of prediabetes 
was 43.9% and, by 2030, it will increase to 52.0%; this 
equates to 850 million patients with prediabetes in 
2019, with the potential to rise to 1.28 billion by 2030 
[6]. 

Due to the increase in prediabetes, a growing 
diabetes epidemic is predicted if effective interventions 
are not implemented [7]. Exercise, diet, and weight loss 
are lifestyle changes that help prevent or delay the 
progression of diabetes in prediabetics. Medicine can 
also help. Intervention is necessary to address this 
issue and to stop this threat to global public health, 
especially in developing countries [8]. 

In many studies, it has been found that 
anthropometric measures of obesity, such as waist 
circumference (WC) [11, 12] or waist-to-height ratio 
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(WHtR) [13, 14] and body mass index (BMI) [9, 10] play 
an important role as risk factors in the manifestation of 
prediabetes. These measures, derived from simple and 
accessible indicators, are crucial for identifying patients 
at risk; this allows for the implementation of strategies 
to preventively intervene to significantly halt the onset 
of diabetes. 

Despite these findings, there is still no clarity 
regarding the precise cut-off points for these measures 
and their accurate diagnosis, which includes different 
values from each study, such as specificity and 
sensitivity [15-17]. This results in some ambiguity in 
their application, which potentially limits their 
effectiveness as detection tools. Given this, it is 
essential to carry out systematic reviews to definitively 
determine the diagnostic accuracy of these 
anthropometric measures and facilitate their use in 
identifying prediabetes more reliably. 

METHODS 

A systematic review (SR) with a meta-analysis of 
diagnostic test studies. The PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses) statement was used to inform the structure 
of this work [18]. 

Search Strategy 

A systematic search was conducted in the Web of 
Science (WOS), EMBASE, Scopus, and PubMed 
databases from February 1 to March 1, 2023. The 
following keywords were used: "prediabetes", "body 
mass index", "waist circumference", "waist-height 
ratio", "sensibility" and "specificity". The search strategy 
for each database is available in Supplementary 
Material 1. 

Selection Criteria 

First, two independent reviewers conducted a 
review of titles and abstracts. Subsequently, potentially 
relevant studies for full-text review were identified. 
Articles with unclear titles were read in their entirety. 
Discrepancies were resolved through agreement with 
the third reviewer. The following inclusion criteria were 
used: 1) Primary observational studies published in 
peer-reviewed journals: cross-sectional or cohort 
design, 2) studies in humans aged ≥18 years, 3) 
anthropometric indices used: BMI, WC, and WHtR, 4) 
investigations aimed at evaluating the predictive value 
of BMI, WC, and WHtR for prediabetes, and 5) studies 
reporting predictive measures: sensitivity and 

specificity. Meanwhile, studies meeting any of the 
following criteria were excluded: 1) letters to the editor 
or abstracts of conference proceedings, protocols, and 
review studies, and 2) articles without abstracts and full 
text in Spanish or English. 

Prediabetes was established as an anomaly in 
fasting glucose according to the standards of the World 
Health Organization (WHO) (6.1 to 6.9 mmol/L) [19] or 
the definition of the American Diabetes Association 
(ADA) (5.6 to 6.9 mmol/L) [20], an alteration in glucose 
tolerance (7.8 to 11.0 mmol/L during an oral glucose 
tolerance test, after two hours) [20] or an elevated 
HbA1c according to ADA criteria (5.7 to 6.4%) [20]. 

Study Selection 

The Rayyan online software (https://rayyan.qcri.org) 
was used to save the articles found in each of the 
databases explored. Three researchers independently 
reviewed the titles and abstracts of the manuscripts. If 
both agreed that a manuscript should be included, it 
was included; otherwise, it was excluded. In the case of 
discrepancy, the co-authors met to reach a consensus 
on the manuscript. Subsequently, the full text of the 
included articles was reviewed. Whether the study 
should be included or not was recorded in an Excel 
sheet. This process was carried out in the same way as 
the previous methodology process. 

Data Extraction and Qualitative Analysis 

The remaining articles moved on to data extraction, 
using a Microsoft Excel 2022 form. For cross-sectional 
studies, the summary table included: First author, year, 
country, study design, population (selection criteria), 
sample, sex (% female), mean (SD) or median (IQR), 
prediabetes prevalence, and gold standard for 
prediabetes diagnosis. Meanwhile, for cohort studies: 
First author, year, country, study design, follow-up time, 
population (selection criteria), sample, sex (% female), 
mean (SD) or median (IQR), prediabetes incidence, 
and gold standard for prediabetes diagnosis. 

Additionally, a summary table was created, detailing 
the sensitivity, specificity, cut-off point, true positives, 
false negatives, true negatives, and false positives. 

Risk of Bias Assessment 

Two independent evaluators analyzed the 
methodological integrity of the involved studies, 
applying the guidelines of the newly revised version 2 
of the Quality Assessment of Diagnostic Accuracy 
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Studies (QUADAS) [23]. Each criterion was scored as 
"yes", "no", or "uncertain" when there were not enough 
data to make a definitive decision. Any conflict was 
resolved through consensus among the co-authors. 
The Rev-Man 5.2 software was used to visually 
represent the quality of the included studies. 

Quantitative Analysis 

For the diagnostic precision meta-analysis, we used 
the number of true positives (TP), false negatives (FN), 
true negatives (TN), and false positives (FP), alongside 
the number of prediabetic patients, to calculate 
sensitivity and specificity. The positive and negative 
likelihood ratios, along with their 95% confidence 
intervals (CI 95%), for each anthropometric marker 
were extracted for both cross-sectional and cohort 
design studies. Six tables were developed: one for 
each marker, according to the type of study. All 
statistical analyses were performed using the STATA 
MP 16.0 statistical program (Stata Corp LP, College 
Station, Texas). 

RESULTS 

Eligible Studies 

A total of 5367 publications were identified. Of 
these, 2850 duplicates were removed, resulting in 
2,517 manuscripts being assessed via title and 
abstract. From these, 2,506 studies were excluded, 
leaving 11 manuscripts to be evaluated in full text. 
Finally, 7 manuscripts [15-17, 24-27] were selected 
(Figure 1). 

Characteristic of the Studies 

Among all the manuscripts chosen for review, we 
had four cross-sectional studies [15, 24-26], and three 
were classified as cohort studies [16, 17, 27]. Each 
article included in this comprehensive review was 
disseminated to the public from the year 2018 through 
to 2021. The summary of the cross-sectional studies 
are found in Table 1, as well as the cohort studies in 
Table 2. 

 
Figure 1: Flowchart. 
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Figure 2: Quality assessment of included diagnostic studies, according to the QUADAS-2 tool. 

The selected studies were conducted in nine 
countries: Spain (n=1) [15], China (n=5) [16, 17, 24, 25, 
27] and Mexico (n=1) [26]. The sample reached a total 
of 24,367 in cross-sectional studies, ranging from 130 
to 15,078. In the case of cohort studies, a total of 
35,092 was worked with, ranging from 1,858 to 30,649. 
In all cross-sectional studies, subjects over the age of 
18 participated, except for the work by Sánchez et al. 
[15], while in cohort studies, subjects over the age of 
40 were recruited. The follow-up time ranged from 
three to eight years. 

For the diagnosis of prediabetes, the manuscripts 
were based on the diagnosis based on IFG (5.6 – 6.9 
mmol/L) [17, 24-26], except for the study by Zhao et al. 
[25] and Xia et al. [27], who used the WHO criteria 
(FPG: 6.1 – 7.0 mmol/L); the IGT (7.8 – 11 mmol/L) 
[16, 24, 27] and the HbA1c (5.7 – 6.4 %) [15]. The 
prevalence of prediabetes ranged from 8.47% to 
35.49%. While the incidence ranged from 21.30% to 
34.64% Table 1. 

In cross-sectional studies, the cut-off point for BMI 
varied from 22.6 to 31.5; for WC from 97.5 to 101.5 cm; 
and the WHtR from 0.65. For the cohort, the BMI 
changed from 21.36 to 24.4, the WC from 77.1 to 89.5 
cm; while the WHtR was around 0.5. 

Risk of Bias Assessment 

Seven studies were assessed using QUADAS-2. 
For the domain of patient selection, the studies by 

Hernandez et al. (26) and Sanchez et al. (15) 
presented a high level of risk of bias, because they did 
not use a probabilistic sampling and the first only 
recruited women. Therefore, the first mentioned study 
was considered as a high concern of bias, while the 
second was uncertain, as the sample size used was 
high. With respect to the application of the index test, in 
the work of Hernandez et al. (26) they do not clarify the 
results of the index test without knowledge of the 
results of the reference one, so an uncertain risk of 
bias was placed on it. 

As for the time, the cross-sectional studies were 
considered an adequate time between the application 
of the test and the gold standard. However, the studies 
by Zhang et al. [16] and Xia et al. [27], due to the 
proposed objective, had little time (about three years) 
for the development of the event, which is why the risk 
level is considered uncertain. The risk of bias and 
applicability ratings for each outcome with justification 
are provided in Figure 2. 

Meta-Analysis of BMI, WC and WHtR and 
Prediabetes 

Figure 3 summarizes the diagnostic test values of 
BMI, WC and WHtR for prediabetes, for both cross-
sectional and cohort studies. The forest plots revealed 
that the combined sensitivity and specificity for cross-
sectional studies were for BMI: 0.63 (95% CI 0.59, 
0.66) and 0.56 (95% CI 0.46, 0.65), for WC: 0.59 
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(Figure 3). Continued. 

 

Figure 3: Forest plots of pooled sensitivity and specificity of BMI (a), WC (b) and WHtR (c) as a screening marker of 
prediabetes; and sensitivity and specificity of BMI (d), WC (e) and WHtR (f) as a prognostic marker of prediabetes. 
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(95% CI 0.51, 0.67) and 0.58 (95% CI 0.52, 0.64), and 
for WHtR: 0.63 (95% CI 0.55, 0.70) and 0.73 (95% CI 
0.70, 0.75), respectively. In the case of the cohort, 
combined sensitivity and specificity to fulfill their 
prognostic role were, for BMI: 0.70 (95% CI 0.61, 0.78) 
and 0.45 (95% CI 0.30, 0.60), for WC: 0.68 (95% CI 
0.57, 0.77) and 0.56 (95% CI 0.50, 0.62), and for WHtR 
0.68 (95% CI 0.55, 0.79) and 0.56 (95% CI 0.53, 0.59), 
respectively. 

DISCUSSION 

In our meta-analysis, both in cross-sectional and 
cohort studies, it was found that anthropometric 
measurements such as BMI, WC, and WHtR have a 
modest ability to identify patients at risk of prediabetes. 
The WHtR had higher combined sensitivity and 
specificity among the cross-sectional studies, while 
BMI and WC maintained similar performance. In the 
cohort studies, all three markers had comparable 
sensitivity, however, there is moderate specificity in 
order to predict the development of prediabetes. 

The association of these measurements and 
prediabetes is due to the fact that the accumulation of 
visceral fat is closely related to insulin resistance and 
inflammation [28]. Visceral fat releases free fatty acids 
that could interfere with the action of insulin in the liver 
and muscle. In addition, visceral fat secretes pro-
inflammatory adipokines that contribute to low-grade 
systemic chronic inflammation [29, 30]. Abdominal 
obesity, as measured by WHtR, could be a slightly 
better predictor of visceral fat; this explains its better 
performance [31]. 

It should be noted that these markers have 
limitations in identifying users with prediabetes, 
specifically with obesity. Many with excess body fat 
remain sensitive to insulin, while some lean individuals 
develop insulin resistance and hyperglycemia. Other 
factors such as genetics, aging, and lifestyle usually 
also affect metabolic risk [32]. 

On the other hand, our systematic review included 
data from nine countries, such as Asia and Latin 
America, with a total of 24,367 people in cross-
sectional studies and 35,092 in cohort studies [15-17, 
24-27]. In most studies, middle-aged or older adults 
were recruited, so our findings apply more to this 
population. Meanwhile, the average follow-up of the 
cohort studies was three to eight years in general; it 
could give a first preamble to evaluate the progression 
to prediabetes from normoglycemia [16, 17, 27]. 

Thus, more work is needed in other parts of the 
world: Africa and the Middle East, where diabetes rates 
are rising very quickly. The inclusion of younger people 
is also important, due to the alarming increase in 
obesity in children and adolescents [33]. It is likely that 
anthropometric measures do not work adequately for 
the prediction of metabolic complications in the 
younger ones, given the hormonal differences and 
other age influences with respect to body fat 
distribution [34].  

Future longitudinal works should be carried out over 
longer periods, such as 10 years or more, to give a 
more complete picture of how these markers could 
predict the development not only to prediabetes but to 
diabetes. Well-designed prospective research is 
important in various populations in order to strengthen 
clinical recommendations regarding the use of simple 
anthropometric measures to preventively detect 
patients at high risk of metabolic diseases associated 
with obesity [35, 36]. 

There was substantial variability in the cut-off points 
used for anthropometric measures between cross-
sectional and cohort studies. For example, the BMI cut-
off point ranged from 21.36 to 31.5 kg/m2, while the 
WC cut-off point ranged from 77.1 cm to 101.5 cm. 
This heterogeneity makes it difficult to compare 
findings between works and the determination of 
precise thresholds for the prediction of prediabetes. 
These differences may or may not identify users at risk. 
Furthermore, it is necessary to have well-designed 
validations that use objective tests of insulin resistance 
and other cardiometabolic risk markers in order to 
establish optimal cut-off points for these measures in 
different social groups. 

In view of the above, subsequent works should 
report multiple cut-off points together with their 
diagnostic performance measures. This would allow 
clinicians and public health officials to select 
appropriate thresholds according to the priorities of 
their target population, to maximize specificity or 
sensitivity. Also, it would provide more evidence on 
how the cut-off points can be applied to initiate 
interventions at the levels of primary versus secondary 
care. 

Our research has some essential limitations that 
should be considered. First, the substantial 
heterogeneity in the design of the works, the 
populations of people, and the cut-off points used 
makes direct comparison of the findings and 
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determination of conclusions difficult. The lack of 
geographical and ethnic diversity among the studies 
also limits the generalization of our results. Secondly, 
longer follow-up periods are needed to understand 
more about the long-term predictive capacity of these 
measures. Therefore, appropriately designed 
pragmatic trials are necessary to determine whether 
these could predict the risk of those in the highest 
percentiles of BMI, WC, and WHtR distributions. 

In accordance with the results found, where 
anthropometric measures such as BMI, WC, and WHtR 
have a modest capacity for the prediction of 
prediabetes in isolation, they remain useful tools for 
initial risk stratification in clinical practice. They are 
non-invasive, low-cost, and easy to obtain measures 
that could provide information about a patient's overall 
and abdominal adiposity. Moreover, it can help 
physicians to decide whether additional tests such as 
blood analysis or glucose tolerance tests are justified. 

In addition to other clinical data such as family 
history, these markers can provide a comprehensive 
assessment of the risk of prediabetes and other related 
comorbidities. Also, long-term monitoring of these 
markers could motivate users to adhere to lifestyle 
interventions by objectively demonstrating their 
progress towards fat loss or redistribution goals. Even 
though they are not sufficient, simple anthropometric 
measures still have a place in the primary and 
secondary prevention of chronic diseases such as type 
2 diabetes. 

CONCLUSIONS 

BMI, WC, and WHtR have a moderate capacity to 
identify prediabetes. More rigorous and well-designed 
longitudinal studies are needed in different 
demographic groups to confirm these findings. 
However, despite their probable limited accuracy, these 
simple and economical tools are of great value to 
healthcare systems with scarce resources. 

Despite the existing doubts, anthropometric 
measurements represent an invaluable first step 
towards personalized disease prevention. The 
correlation of individual trends in these indicators with 
lifestyle choices allows patients to gain a meaningful 
understanding of their modifiable risks and favor 
motivation to make lasting changes to their health. This 
patient-centered approach in primary care can 
generate a substantial impact on the metabolic risk 
profile. 

COMPETING INTEREST 

The authors declared they do not have a potential 
conflict of interest and have not received financial 
funding from public or non-public institutions. 

ACKNOWLEDGEMENT 

None. 

FUNDING 

This study did not receive funding from public or 
non-public organization. 

AUTHORSHIP CONTRIBUTIONS 

The authors participated in the genesis of the idea, 
project design, data collection and interpretation, 
analysis of results, and preparation of the manuscript of 
this research work. 

FINANCING 

Self-financed. 

REFERENCES 

[1] Tabák AG, Herder C, Rathmann W, Brunner EJ, Kivimäki M. 
Prediabetes: a high-risk state for diabetes development. 
Lancet 2012; 379(9833): 2279-90.  
https://doi.org/10.1016/S0140-6736(12)60283-9 

[2] Ezquerra-Lázaro I, Cea-Soriano L, Giraldez-García C, Ruiz 
A, Franch-Nadal J, Diez-Espino J, et al. Lifestyle factors do 
not explain the difference on diabetes progression according 
to type of prediabetes: Results from a Spanish prospective 
cohort of prediabetic patients. Diabetes Res Clin Pract 2019; 
153: 66-75.  
https://doi.org/10.1016/j.diabres.2019.05.033 

[3] Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry 
RR, Pratley R, et al. Impaired fasting glucose and impaired 
glucose tolerance: implications for care. Diabetes Care 2007; 
30(3): 753-9.  
https://doi.org/10.2337/dc07-9920 

[4] Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, et al. 
Prevalence and Ethnic Pattern of Diabetes and Prediabetes 
in China in 2013. JAMA 2017; 317(24): 2515-23.  
https://doi.org/10.1001/jama.2017.7596 

[5] Yip WCY, Sequeira IR, Plank LD, Poppitt SD. Prevalence of 
Pre-Diabetes across Ethnicities: A Review of Impaired 
Fasting Glucose (IFG) and Impaired Glucose Tolerance 
(IGT) for Classification of Dysglycaemia. Nutrients 2017; 
9(11): 1273.  
https://doi.org/10.3390/nu9111273 

[6] NCD Risk Factor Collaboration (NCD-RisC). Worldwide 
trends in diabetes since 1980: a pooled analysis of 751 
population-based studies with 4.4 million participants. Lancet 
2016; 387(10027): 1513-30.  

[7] Sadeghi M, Talaei M, Parvaresh Rizi E, Dianatkhah M, 
Oveisgharan S, Sarrafzadegan N. Determinants of incident 
prediabetes and type 2 diabetes in a 7-year cohort in a 
developing country: The Isfahan Cohort Study. J Diabetes 
2015; 7(5): 633-41.  
https://doi.org/10.1111/1753-0407.12236 



124     International Journal of Statistics in Medical Research, 2023, Vol. 12 Vera-Ponce et al. 

[8] Hadaegh F, Derakhshan A, Zafari N, Khalili D, Mirbolouk M, 
Saadat N, et al. Pre-diabetes tsunami: incidence rates and 
risk factors of pre-diabetes and its different phenotypes over 
9 years of follow-up. Diabet Med 2017; 34(1): 69-78. 
https://doi.org/10.1111/dme.13034 

[9] Hashemi SJ, Karandish M, Cheraghian B, Azhdari M. 
Prevalence of prediabetes and associated factors in 
southwest iran: results from Hoveyzeh cohort study. BMC 
Endocr Disord 2022; 22(1): 72.  
https://doi.org/10.1186/s12902-022-00990-z 

[10] Zhu X, Yang Z, He Z, Hu J, Yin T, Bai H, et al. Factors 
correlated with targeted prevention for prediabetes classified 
by impaired fasting glucose, impaired glucose tolerance, and 
elevated HbA1c: A population-based longitudinal study. Front 
Endocrinol (Lausanne) 2022; 13: 965890.  
https://doi.org/10.3389/fendo.2022.965890 

[11] Dugani SB, Girardo ME, De Filippis E, Mielke MM, Vella A. 
Risk Factors and Wellness Measures Associated with 
Prediabetes and Newly Diagnosed Type 2 Diabetes Mellitus 
in Hispanic Adults. Metab Syndr Relat Disord 2021; 19(3): 
180-9.  
https://doi.org/10.1089/met.2020.0102 

[12] Wade AN, Hambleton IR, Hennis AJM, Howitt C, Jeyaseelan 
SM, Ojeh NO, et al. Anthropometric cut-offs to identify 
hyperglycemia in an Afro-Caribbean population: a cross-
sectional population-based study from Barbados. BMJ Open 
Diabetes Research and Care 2021; 9(1): e002246.  
https://doi.org/10.1136/bmjdrc-2021-002246 

[13] Ganguly SS, Sarkar K, Al-Adawi S, Al-Mahrezi AA. 
Screening for dysglycaemia using anthropometric indices in 
an adult population in Oman. East Mediterr Health J 2018; 
24(3): 254-61.  
https://doi.org/10.26719/2018.24.3.254 

[14] Xu F, Wang YF, Lu L, Liang Y, Wang Z, Hong X, et al. 
Comparison of anthropometric indices of obesity in predicting 
subsequent risk of hyperglycemia among Chinese men and 
women in Mainland China. Asia Pac J Clin Nutr 2010; 19(4): 
586-93. 

[15] Sánchez M, Sánchez E, Bermúdez-López M, Torres G, 
Farràs-Sallés C, Pamplona R, et al. Clinical Usefulness of 
Anthropometric Indices to Predict the Presence of 
Prediabetes. Data from the ILERVAS Cohort. Nutrients 2021; 
13(3): 1002.  
https://doi.org/10.3390/nu13031002 

[16] Zhang F, Wan Q, Cao H, Tang L, Li D, Lü Q, et al. Identical 
anthropometric characteristics of impaired fasting glucose 
combined with impaired glucose tolerance and newly 
diagnosed type 2 diabetes: anthropometric indicators to 
predict hyperglycaemia in a community-based prospective 
cohort study in southwest China. BMJ Open 2018; 8(5): 
e019735.  
https://doi.org/10.1136/bmjopen-2017-019735 

[17] Ding J, Chen X, Bao K, Yang J, Liu N, Huang W, et al. 
Assessing different anthropometric indices and their optimal 
cutoffs for prediction of type 2 diabetes and impaired fasting 
glucose in Asians: The Jinchang Cohort Study. J Diabetes 
2020; 12(5): 372-84.  
https://doi.org/10.1111/1753-0407.13000 

[18] Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. 
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 2009; 6(7): 
e1000097.  
https://doi.org/10.1371/journal.pmed.1000097 

[19] World Health Organization, Federation ID. Definition and 
diagnosis of diabetes mellitus and intermediate 
hyperglycaemia  : report of a WHO/IDF consultation [Internet]. 
World Health Organization; 2006 [citado el 30 de enero de 
2023]. Disponible en: https://apps.who.int/iris/handle/ 
10665/43588 

 

[20] American Diabetes Association. Standards of Medical Care 
in Diabetes—2022 Abridged for Primary Care Providers. 
Clinical Diabetes 2022; 40(1): 10-38.  
https://doi.org/10.2337/cd22-as01 

[21] Higgins JPT, Thompson SG. Quantifying heterogeneity in a 
meta-analysis. Stat Med 2002; 21(11): 1539-58.  
https://doi.org/10.1002/sim.1186 

[22] Cochrane Handbook for Systematic Reviews of Interventions 
[Internet]. [citado el 27 de noviembre de 2021]. Disponible 
en: https://training.cochrane.org/handbook 

[23] Whiting PF, Rutjes AWS, Westwood ME, Mallett S, Deeks 
JJ, Reitsma JB, et al. QUADAS-2: a revised tool for the 
quality assessment of diagnostic accuracy studies. Ann 
Intern Med 2011; 155(8): 529-36.  
https://doi.org/10.7326/0003-4819-155-8-201110180-00009 

[24] Chu AHY, Aris IM, Ng S, Loy SL, Bernard JY, Tint MT, et al. 
Anthropometric measures and HbA1c to detect dysglycemia 
in young Asian women planning conception: The S-PRESTO 
cohort. Sci Rep 2020; 10(1): 9228.  
https://doi.org/10.1038/s41598-020-66147-x 

[25] Zhao Q, Zhang K, Li Y, Zhen Q, Shi J, Yu Y, et al. Capacity 
of a body shape index and body roundness index to identify 
diabetes mellitus in Han Chinese people in Northeast China: 
a cross-sectional study. Diabet Med 2018; 35(11): 1580-7.  
https://doi.org/10.1111/dme.13787 

[26] Luna Hernández JF, Marín Velázquez J, Ramírez- Díaz M 
del P, Montes de Oca Juárez O. Predictores antropométricos 
asociados a hiperglucemia en mujeres adultas zapotecas del 
Istmo de Tehuantepec, Oaxaca: un estudio transversal. Rev 
esp nutr comunitaria 2022; 1-12. 
https://pesquisa.bvsalud.org/portal/resource/pt/ibc-205804 

[27] Xia M-F, Lin H-D, Chen L-Y, Wu L, Ma H, Li Q, et al. 
Association of visceral adiposity and its longitudinal increase 
with the risk of diabetes in Chinese adults: A prospective 
cohort study. Diabetes Metab Res Rev 2018; 34(7): e3048.  
https://doi.org/10.1002/dmrr.3048 

[28] Chait A, den Hartigh LJ. Adipose Tissue Distribution, 
Inflammation and Its Metabolic Consequences, Including 
Diabetes and Cardiovascular Disease. Frontiers in 
Cardiovascular Medicine 2020; 7.  
https://doi.org/10.3389/fcvm.2020.00022 

[29] Wu H, Ballantyne CM. Metabolic Inflammation and Insulin 
Resistance in Obesity. Circulation Research 2020; 126(11): 
1549-64.  
https://doi.org/10.1161/CIRCRESAHA.119.315896 

[30] Burhans MS, Hagman DK, Kuzma JN, Schmidt KA, Kratz M. 
Contribution of adipose tissue inflammation to the 
development of type 2 diabetes mellitus. Compr Physiol 
2018; 9(1): 1-58.  
https://doi.org/10.1002/cphy.c170040 

[31] Kodama S, Horikawa C, Fujihara K, Heianza Y, Hirasawa R, 
Yachi Y, et al. Comparisons of the strength of associations 
with future type 2 diabetes risk among anthropometric 
obesity indicators, including waist-to-height ratio: a meta-
analysis. Am J Epidemiol 2012; 176(11): 959-69.  
https://doi.org/10.1093/aje/kws172 

[32] Kawai T, Autieri MV, Scalia R. Adipose tissue inflammation 
and metabolic dysfunction in obesity. Am J Physiol Cell 
Physiol 2021; 320(3): C375-91.  
https://doi.org/10.1152/ajpcell.00379.2020 

[33] Abarca-Gómez L, Abdeen ZA, Hamid ZA, Abu-Rmeileh NM, 
Acosta-Cazares B, Acuin C, et al. Worldwide trends in body-
mass index, underweight, overweight, and obesity from 1975 
to 2016: a pooled analysis of 2416 population-based 
measurement studies in 128·9 million children, adolescents, 
and adults. The Lancet 2017; 390(10113): 2627-42.  
https://doi.org/10.1016/S0140-6736(17)32129-3 

[34] Li Y, Zou Z, Luo J, Ma J, Ma Y, Jing J, et al. The predictive 
value of anthropometric indices for cardiometabolic risk 



Diagnostic Accuracy of Anthropometric Markers of Obesity for Prediabetes International Journal of Statistics in Medical Research, 2023, Vol. 12      125 

factors in Chinese children and adolescents: A national 
multicenter school-based study. PLoS One 2020; 15(1): 
e0227954.  
https://doi.org/10.1371/journal.pone.0227954 

[35] Heianza Y, Hara S, Arase Y, Saito K, Fujiwara K, Tsuji H, et 
al. HbA1c 5·7-6·4% and impaired fasting plasma glucose for 
diagnosis of prediabetes and risk of progression to diabetes 
in Japan (TOPICS 3): a longitudinal cohort study. Lancet 
2011; 378(9786): 147-55.  
https://doi.org/10.1016/S0140-6736(11)60472-8 

[36] Matsui T, Okada H, Hamaguchi M, Kurogi K, Murata H, Ito M, 
et al. The association between the reduction of body weight 
and new-onset type 2 diabetes remission in middle-aged 
Japanese men: Population-based Panasonic cohort study 8. 
Front Endocrinol (Lausanne) 2022; 13: 1019390.  
https://doi.org/10.3389/fendo.2022.1019390 

 
 
 

 
Received on 09-08-2023 Accepted on 04-09-2023 Published on 19-09-2023 
 
https://doi.org/10.6000/1929-6029.2023.12.15 
 
© 2023 Vera-Ponce et al.; Licensee Lifescience Global. 
This is an open-access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the work is properly cited. 


