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Abstract: Optimal non-invasive biomarkers for metabolic dysfunction-associated steatotic liver disease (MASLD) remain elusive, 
especially in the detection of early stages. This study tested in an asymptomatic cohort of 171 men (49.2 ± 8.6 years) and 131 women 
(51.8 ± 8.5 years) whether waist circumference (WC) and circulating levels of insulin-like growth factor-binding protein 2 (IGFBP-2) 
could identify individuals with liver fat >5% as assessed by magnetic resonance spectroscopy. Participants with high WC (> 85 or 
90 cm for women and men, respectively) and low IGFBP-2 (< 260 or 230 ng/mL for women and men, respectively) were characterized 
by a higher risk of having MASLD (46.3%, p < 0.0001). Among the 68 individuals with MASLD, 73.5% fell into the subgroup with 
high WC and low IGFBP-2 concentrations (p < 0.0001). When combined, these markers reached a sensitivity of 73.5% and specificity 
of 75.2% for MASLD. Thus, WC and plasma IGFBP-2 levels might be useful as a novel, simple, and non-invasive index to support 
existing tools in the identification of individuals at risk of early-stage MASLD. 
Keywords: humans, insulin-like growth factor-binding protein 2, waist circumference, hepatic fat, metabolic dysfunction-associated 
steatotic liver disease, biomarker, plasma, non-invasive

Introduction
Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most frequent liver disease with a global 
prevalence estimated at 30%.1 MASLD is defined when the hepatic fat fraction (HFF) is higher than 5% of liver weight,1 

and can progress to metabolic dysfunction-associated steatohepatitis (MASH), liver cirrhosis and hepatocellular 
carcinoma.1 It has been suggested that 4 to 22% of hepatocellular carcinoma cases initiate from early MASLD.2 

Although magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (1H-MRS) are the most 
precise and sensitive non-invasive techniques to clinically evaluate MASLD, abdominal ultrasonography remains the 
primary test to diagnose fatty liver, albeit with lower sensitivity.3 In many cases, confirmation occurs through histo
pathological analyses after invasive biopsies.3 Because these methods are expensive and labor-intensive, there is a need 
to develop additional simple and inexpensive screening tools to improve the identification of individuals at risk of 
MASLD, especially in the early stages of pathology when sensitivity is crucial.3,4
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MASLD is closely associated with an altered cardiometabolic risk profile, notably with visceral obesity, metabolic syndrome, 
insulin resistance and type 2 diabetes.4,5 Consistently, in addition to body mass index (BMI), previous marker panels of MASLD 
have been directed at insulin resistance,6 including homeostatic model assessment of insulin resistance (HOMA-IR), a simple 
index integrating fasting plasma glucose and insulin levels, and liver fat score (LFS), which is calculated based on the presence of 
the metabolic syndrome (agglomerate of waist circumference, triglyceridemia, HDL-cholesterol, blood pressure and fasting 
glycemia), type 2 diabetes, fasting levels of aspartate and alanine aminotransferases (AST/ALT) and insulinemia.7 In addition, 
a combination of ALT and gamma-glutamyl transpeptidase (GGT) has been shown to predict the changes in MASLD stage in 
a pediatric cohort (8–17 years old) over the course of one year.8 However, the sensitivity and specificity of these markers in the 
general adult population with low or early HFF is not optimal.6

Insulin-like growth factor-binding protein 2 (IGFBP-2) is a circulating factor mainly produced by the liver and 
involved in the modulation of energy metabolism.9 Plasma IGFBP-2 levels are higher in women and lowered in 
individuals with obesity independently of sex.10 Recently, plasma IGFBP-2 levels have been inversely correlated with 
steatosis grade and liver fat in mice and humans.11–14 Our group recently further demonstrated that plasma IGFBP-2 
concentrations are significantly and negatively correlated with HFF in an age-independent manner in non-obese men and 
women.15 Based on these observations, we tested the hypothesis that waist circumference (as a marker of abdominal 
adiposity) and circulating IGFBP-2 levels may represent novel and minimally invasive tools to discriminate for MASLD 
in a sample of asymptomatic adults.

Methods
The present study reports additional IGFBP-2 analyses conducted on a previously described cohort of 312 individuals, 
including details about recruitment of participants, informed written consent, approval by the review board of the Institut 
universitaire de cardiologie et de pneumologie de Québec (IUCPQ) (#20769), and deposition of plasma samples in 
a biobank for future analyses.16 The present specific study also received ethics approval from the IUCPQ review 
committee (#21433). This study complies with the Declaration of Helsinki.

Briefly, men and women, between 35 and 66 years old, were enrolled from the Québec metropolitan area for 
voluntary participation in the visceral obesity/ectopic fat and non-invasive markers of atherosclerosis: a cardiometabolic- 
cardiovascular imaging study (CMCV imaging study). Data reported herein were obtained at study baseline. Data for 
waist circumference and plasma IGFBP-2 levels were missing for 6 and 4 individuals, respectively, resulting in a cohort 
of 302 men and women.

Inclusion criteria were BMI < 40 kg/m2 and being nonsmoker for at least 12 months before enrollment. Participants 
presenting symptoms or being treated for diabetes, hypertension, dyslipidemia and cardiovascular disease were excluded. 
Were also excluded individuals undergoing hormonal or corticosteroid therapy, presenting a cancer not in remission or 
with a contraindication for MRI, having received medication in the past 3 months, as well as women in post-menopause 
for less than 12 months before enrollment. Detailed dietary questionnaires were obtained from participants, notably to 
obtain information about alcohol and nutrient intake.16

Waist circumference was measured according to standardized procedures.17 Body composition was quantified by 
dual-energy X-ray absorptiometry on a Lunar Prodigy system (GE, Healthcare, WI, USA). Visceral adipose tissue 
volume was assessed by MRI as described.16 HFF was evaluated using MRS by breath-hold single-shot stimulated echo 
acquisition mode (STEAM) sequence as described.16 HFF levels > 5% indicated early MASLD.4 Blood samples were 
collected from the antecubital vein after a 12-h overnight fast. Plasma glucose, insulin and lipid profiles were measured 
as described.16 HOMA-IR18 and LFS7 were calculated as described. Plasma IGFBP-2 levels were quantified by ELISA 
(kit #22-BP2HU-E01, Alpco, Salem, NH, USA) according to the manufacturer’s instructions. The detection limit was 0.2 
ng/mL. The inter- and intra-assay coefficient of variability was < 10%.

Differences between men and women were assessed by unpaired t-test. Differences between quantiles were assessed 
by Bonferonni’s multiple comparison test. Comparison of MASLD prevalence among subgroups was performed by χ2 

analysis. Differences between groups were considered statistically different at p < 0.05. Statistical analyses were 
performed using GraphPad Prism software v8.1, except for sensitivity/specificity analyses which were performed 
using SAS v9.4 (SAS Institute Inc., Cary, NC).
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Results
Participants were 50.3 ± 8.7 years old and had a mean BMI of 25.9 ± 3.7 kg/m2, with overall normal glucose and lipid 
profiles. Compared to women, men had a significantly higher BMI, fasting glucose, insulin and HOMA-IR as well as 
higher triglyceride and LDL-cholesterol levels, and lower HDL-cholesterol concentrations (p < 0.05) (Supplementary 
Table 1). Plasma IGFBP-2 levels were significantly higher in women (279.8 ± 117.0 ng/mL) than in men (236.1 ± 103.4 
ng/mL, p = 0.0007). No difference in IGFBP-2 levels was found (p = 0.29) between the 61 pre-menopausal (268.1 ± 
109.6 ng/mL; age 44.0 ± 5.0 years old) and 70 post-menopausal women (290.1 ± 123.1 ng/mL; age 58.5 ± 3.8 years old). 
Among the participants, MRS imaging revealed that 68 participants were characterized by MASLD (HFF > 5%). Mean 
HFF was higher in men (5.3 ± 6.3%) than in women (2.9 ± 4.2%, p = 0.0002, Supplementary Table 1). HFF was 
associated with daily alcohol consumption in men (r = 0.19, p = 0.02) but not in women (r = 0.08, p = 0.38). However, 
alcohol consumption was not correlated with plasma IGFBP-2 concentrations in either men (r = 0.04, p = 0.62) or women 
(r = −0.14, p = 0.14). In addition, plasma IGFBP-2 concentrations were negatively correlated with circulating ALT in 
men only (r = −0.25; p = 0.0008), whereas no association was found with AST or GGT levels.

Using the entire cohort, individuals divided into octiles based on their progressively increasing waist circumference 
values showed incrementally higher levels of visceral adipose tissue (Supplementary Figure 1A). Using a similar 
approach, octiles of increasing plasma IGFBP-2 levels showed progressively decreasing HOMA-IR (Supplementary 
Figure 1B), an established marker of insulin resistance.19 Based on these findings, analyses of sensitivity and specificity 
of plasma IGFBP-2 levels to detect HFF > 5% were performed as function of waist circumference values. An intercept of 
at least 70% was targeted in relation to the established cut-offs of 90 and 85 cm for men and women, respectively.20–22 

This criterion corresponded to a value of 230 ng/mL in men (Supplementary Figure 2A) and 260 ng/mL in women 
(Supplementary Figure 2B), consistent with the observation that women had higher IGFBP-2 levels than men on average.

Using these values as cut-offs to classify individuals as having either high or low plasma IGFBP-2 levels, the percentage 
of participants with MASLD was significantly higher (46.3%, p < 0.0001) in the group characterized by high waist 
circumference and low IGFBP-2 levels than any other groups (Figure 1A). Among the 68 individuals with MASLD, 50 
(73.5%) were characterized by a high waist circumference and low IGFBP-2 levels (Figure 1B, p < 0.0001) compared with 
other groups. These results were consistent with findings obtained when the cohort was rather divided into octiles 
(Supplementary Figure 3), indicating that participants with low IGFBP-2 levels and high waist circumference had 
a higher probability of presenting MASLD.

Figure 1 (A) Percentage of individuals with metabolic dysfunction-associated steatotic liver disease (MASLD) as defined by hepatic fat fraction > 5%, among the 302 
participants classified on basis of waist circumference (WC) and circulating insulin-like growth factor-binding protein 2 (IGFBP-2) levels with a cut-off of 90 (men) and 85 cm 
(women) and 230 (men) and 260 ng/mL (women), respectively. Above bars are the number of individuals with MASLD. Within bars are the number of participants within the 
group. *Different from other groups, χ2 = 54.8, p < 0.0001. (B) Repartition of the 68 participants affected by MASLD classified on the basis of WC and circulating IGFBP-2 
levels using the same cut-offs as panel A. Within bars are the number of individuals within the group. *Different from other groups, χ2 = 68.0, p < 0.0001.
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Finally, using the same cut-offs, the combination of plasma IGFBP-2 and waist circumference to detect HFF > 5% in 
this cohort of asymptomatic individuals was associated with a sensitivity of 73% (Table 1). This was markedly better 
than results obtained with HOMA-IR (using the cut-off of 2.03) and LFS (using the cut-off of −0.647), the latter being 
misleading for more than half of the participants with MASLD (Supplementary Figure 4), and slightly above 
a combination of GGT and ALT (Supplementary Table 2), albeit both being more narrowly distributed compared to 
IGFBP-2 (Supplementary Figure 5). In addition, combining LFS with either waist circumference or IGFBP-2 did not 
improve sensitivity (Table 1). The use of LFS (alone or in combination) and HOMA-IR was associated with a much 
higher specificity to discriminate for individuals with HFF > 5% compared with waist circumference or IGFBP-2 used in 
isolation (Table 1). However, combining waist circumference and IGFBP-2 yielded a specificity of 75.2%, resulting in 
16.6% of true positive cases (compared to 9.3% and 9.6% for LFS and HOMA-IR, respectively) and 6.0% false negative 
cases (compared to 13.2% and 12.9% for LFS and HOMA-IR, respectively, Table 1). In contrast, combining waist 
circumference and HOMA-IR resulted in a lower sensitivity/specificity ratio, with 8.9% of true positive and 13.6% false 
negative cases (Table 1).

Discussion
The gold-standard method for the diagnosis of MASLD with best sensitivity is 1H-MRS.4 However, this imaging 
technology is expensive and may be impractical to implement in large-scale clinical routine. Furthermore, several non- 
invasive biomarkers described to identify people at risk of developing MASLD, such as LFS, use complicated algorithms 
comprising many analyses and measurements, which also limit their use in clinical practice. In addition, their sensitivity 
and specificity in the general population are not optimal.6 Given the high prevalence of MASLD and the diagnostic 
challenges faced by clinicians to screen the general population, additional non- or minimally invasive tools are 
needed.4,23

Because of the significant number of individuals with obesity who do not have MASLD,5,24 waist circumference alone 
cannot be an optimal maker of fatty liver as this anthropometric variable cannot distinguish between subcutaneous and visceral 
abdominal adiposity. Insulin resistance is another important component of MASLD pathogenesis independent of visceral 
adiposity.5 Based on the robust associations of IGFBP-2 and insulin sensitivity in mice and humans,9 and the reported 
correlations between IGFBP-2 and MASLD,11–14 plasma IGFBP-2 levels were added to waist circumference in our assess
ment model. Our model was based on a similar approach that had revealed that hypertriglyceridemic waist was an inexpensive 
screening tool to identify individuals with visceral obesity at increased cardiovascular risk.22 Findings of the present study 
support the concept that the combination of waist circumference and circulating IGFBP-2 levels could be used as an additional 

Table 1 Comparison of Sensitivity and Specificity Between the Indicated Putative Markers (Alone or in Combination) to Detect 
Metabolic Dysfunction-Associated Steatotic Liver Disease (Hepatic Fat Fraction > 5%) Within the Cohort

WC + 
IGFBP-2

WC IGFBP-2 LFS WC +LFS IGFBP-2  
+LFS

WC + IGFBP-2  
+LFS

HOMA-IR WC +  
HOMA-IR

Sensitivity (%) 73.5 83.8 85.3 41.3 39.7 38.2 36.8 42.7 39.7

Specificity (%) 75.2 57.7 56.4 94.2 94.0 95.7 95.7 91.6 91.5

True positive (%) 16.6 18.9 19.2 9.3 8.9 8.6 8.3 9.6 8.9

False positive (%) 19.2 32.8 33.8 4.6 4.6 3.3 3.3 6.6 6.6

False negative (%) 6.0 3.6 3.3 13.2 13.6 13.9 14.2 12.9 13.6

True negative (%) (%) 58.2 44.7 43.7 72.9 72.9 74.2 74.2 70.9 70.9

Notes: HOMA-IR: homeostatic model assessment of insulin resistance; IGFBP-2: insulin-like growth factor-binding protein-2; LFS: liver fat score; WC: waist circumference. 
Sensitivity was calculated as true positive cases/(true positive + false negative cases). Specificity was calculated as true negative cases/(true negative + false positive cases). In 
each column, the sum of true positive and false negative cases is 22.5%, which is 68 individuals with MASLD over the 302 participants in the entire cohort. Cut-offs: Plasma 
IGFBP-2: 230 ng/mL (men), 260 ng/mL (women) (based on Supplementary Figure 2). WC: 90 cm (men), 85 cm (women) (based on references20–22). LFS: −0.64 (based on 
reference18). HOMA-IR: 2.0 (based on reference7).
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simple index to the existing screening tools for MASLD. In this cohort of asymptomatic individuals, a waist circumference 
above 90 or 85 cm and IGFBP-2 concentration below 230 or 260 ng/mL (for men and women, respectively) allowed to 
discriminate participants affected by hepatic steatosis (HFF > 5%) with much higher sensitivity than LFS. Individuals 
identified in this subgroup represented 73.5% of the total participants affected by MASLD, with a specificity of 75.2%. In 
that regard, combining waist circumference with IGFBP-2 also provided better sensitivity/specificity than with HOMA-IR, 
suggesting an added informative value of IGFBP-2 beyond its mere association with insulin resistance. The combination of 
waist circumference with plasma IGFBP-2 to assess specificity was also slightly superior to that of GGT and ALT combined, 
which could be attributed to a larger IGFBP-2 data distribution within this asymptomatic cohort. Thus, although plasma 
IGFBP-2 is quantified by ELISA and not part of routine clinical biochemistry (contrary to insulin, glucose and liver enzymes), 
its combination with waist circumference appears to detect the majority of participants with MASLD with promising efficacy 
and better large-scale screening capability compared to imaging.

There are several limitations to the present study. First, the combination of waist circumference and plasma IGFBP-2 
levels to evaluate HFF needs to be more thoroughly compared to other liver fat indices,6 and not only in transversal but 
also longitudinal designs, and integrated with established MASLD risk factors. In addition, it remains to be experimen
tally tested whether this combination can distinguish between grades of steatosis or be used to evaluate subsequent 
treatment response. As it is recognized that MRI might miss stages of fibrosis, the present study was not designed to 
address this issue. Furthermore, opposite to liver fat, IGFBP-2 levels have been positively correlated with liver fibrosis in 
several reports,25,26 which might indicate that it is better suited to highlight early deposition of hepatic fat before the 
onset and progression of fibrosis. Finally, although IGFBP-2 levels were not correlated with alcohol consumption in the 
present study, a report has suggested that a high intake of alcohol is associated with lower IGFBP-2 concentrations in 
men when adjusted for smoking habits and BMI,27 a finding that will require further attention.

The present study revealed an IGFBP-2 cut-off of 230 ng/mL for men, which was higher than the concentration of 
220 ng/mL suggested as a cut-off value linked with the NCEP ATP III clinical criteria for the diagnosis of metabolic 
syndrome.10 However, the present cohort was metabolically healthier than the group used to determine the value of 220 
ng/mL.10 Thus, it is possible that the suggested combination has better efficacy in specific settings associated with early 
stages of the pathology without other clinical symptoms of metabolic diseases, which was the case in the present cohort 
and that cut-off values for IGFBP-2 need to be adjusted depending on MASLD severity or presence of other conditions 
affecting liver fat, such as muscle wasting.28 Integration of the present observations with ongoing international initiatives 
such as the FNIH NIMBLE project3 would facilitate comparisons of screening potential and reproducibility value in 
other independent and larger cohorts, including in individuals with more advanced MASLD.

In summary, our findings suggest that the simultaneous interpretation of waist circumference and plasma 
IGFBP-2 levels may be an additional and minimally invasive tool to the current screening arsenal for the 
identification of individuals with MASLD. Use of these markers in clinical practice may prove to represent 
a simple approach for initial screening of MASLD before diagnostic validation with effective but patient-oriented 
and labor-expensive abdominal ultrasonography scans or other imaging techniques. More work will be required to 
test the relevance and validity of the approach in several independent cohorts and ability to distinguish between 
steatosis grades, ultimately improving risk assessment.

News and Noteworthy
Besides resource-consuming imaging techniques or invasive liver biopsies, no optimal biomarker has yet been 
established to screen for individuals with fatty liver. In asymptomatic individuals, we found that those with high 
waist circumference and low blood insulin-like growth factor-binding protein 2 (IGFBP-2) levels have an elevated 
probability of having a fatty liver. Combined interpretation of waist circumference and of IGFBP-2 levels could 
therefore be relevant as an additional tool to screen for MASLD in clinical practice.
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