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Abstract
Widely used anthropometric indices, such as Body Mass Index (BMI), are mathematically irreversible, thus limiting interoperability between historical 

anthropometric datasets. This study introduces the Standard Human Index (SHI), deϐined as dimensionless h+(h−BSA), and evaluates its relationship with 
BMI. A cross-sectional analysis was conducted using a large clinical cohort (N>10k). Sex-speciϐic and overall linear regression models revealed a strong 
linear correlation between SHI and BMI (R² ≈ 0.97). This relationship enables the reconstruction of paired height and weight values within biologically 
plausible ranges. The SHI provides a stable, mathematical framework for unifying disparate anthropometric datasets, offering a practical tool for large-
scale meta-analyses and, importantly, person-oriented assessment of the human body.
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Introduction

Standardized anthropometric indices are foundational 
tools in clinical medicine [1]. Among them, BMI is primarily 
used to deϐine normative weight categories, while body surface 
area (BSA) is widely applied for the indexation of physiological 
and therapeutic parameters [1-3]. For decades, both indices 
have stratiϐied risk, yet their clinical interpretation is often 
confounded by the complex relationship between body mass 
and clinical outcomes [4]. This interpretive challenge is 
compounded by a fundamental, structural problem: the lack 
of interoperability among the indices themselves. Because 
metrics like BMI and BSA are mathematically irreversible 
transformations, data reported in terms of one index 
cannot be converted to the other. This has resulted in the 
fragmentation of a vast body of knowledge, creating archives 
of historical data that are less valid or inoperable, and making 
the thought of a large-scale meta-analysis, from the oldest to 
contemporary times, truly naive.

This paper puts forward a proposal to solve this dual 
problem. The Standard Human Index (SHI) is created and 
demonstrates a strong linear correlation with BMI. For the ϐirst 
time, a method based on algebraic calculation with a physical 
meaning makes a reconstruction of a person's original height 
and weight from a single index value, either BMI or BSA. This 
provides a universal tool to unify old and new biometric data.

Methods 

The standard human index

The Standard Human Index (SHI) is a biometric metric 
deϐined by the formula: h + (h - BSA). In this expression, 
height (h) and Body Surface Area (BSA) are treated as unitless 
algebraic values. For calculation, BSA was derived from 
primary measurements of height (in meters) and weight (in 
kilograms) using a modiϐication of the Mosteller formula: BSA 
= √([h * w] / 36) [5].

Study population and data

The cohort comprises 10,147 individuals with self-
reported anthropometric data, drawn from a larger population 
undergoing non-contrast-enhanced cardiac CT for coronary 
artery calcium (CAC) scoring between June 2008 and May 
2025. The cohort is broadly representative of a general clinical 
population. Only sex, age, height, and weight were analyzed; 
any clinical outcomes or CT ϐindings were considered. Data 
collection followed an all-comers principle, with no clinical 
exclusion criteria [6].

Ethical consideration

This retrospective study was conducted in accordance 
with the principles of the Declaration of Helsinki [7]. In 
accordance with institutional guidelines for fully anonymized 
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retrospective research, a formal Institutional Review Board 
approval was not required.

Data availability statement

The source data are the property of the Medical University 
of Silesia. The corresponding author has sole custodial 
responsibility to protect patient conϐidentiality. Due to 
logistical and legal constraints, not all patients from the study 
period were retained in the database.

Statistical analysis

The relationship between SHI and BMI was analyzed using 
linear regression, stratiϐied by sex, expressed as: SHI = a + 
b⋅BMI, where „a” is the intercept and „b” is the slope. Cases 
with the extreme BMI values (<17.5 kg/m² or ≥50.0 kg/m²) 
were excluded. A strength of association was veriϐied with the 
coefϐicient of determination (R²). Analyses were performed in 
commonly available Microsoft Excel software.

Results

BMI and SHI interplay

The cohort demonstrated a strong, negative linear 
relationship between BMI and SHI, with sex-speciϐic regression 
models summarized in Table 1. High R² values (0.979–0.984) 
conϐirm the exceptional strength and robustness of this 
relationship. The bidirectional linear association allows 
precise translation between BMI and SHI. For the entire 
study cohort, this relationship is described by the equation: 
BMI = 70.871 - 29.81 * SHI, and the equation: SHI = 2.347 – 
0.0325 * BMI, both with a coefϐicient of determination for the 
uniϐied model above 0.97. These equations provide a robust 
translation tool between the two frameworks (Figure 1).

Modeling ideal biometric states

Projected BMI values were calculated for a theoretical ideal 
biometric state (h = BSA). For females, this yields BMI ~21.1, 
near the center of the healthy range. For males, a BMI of ~19.1 
lies at the lower end of normal. To account for typical sex-
speciϐic differences in lean body mass, a pragmatic illustrative 
correction was applied: 1.1 h = BSA, yielding BMI ~24.1. It is 
important to note that the factor 1.1 is illustrative, not derived 
from this cohort, and may vary across populations (Table 2).

Discussion

This study intentionally employed a retrospective analysis 
of a large, unselected real-world cohort, minimizing biases 
inherent in prospective studies. The high R² (~0.97–0.98), 
despite self-reported height and weight, validated this 
approach. While sex-speciϐic differences exist, formulas 
derived from the entire cohort may be most useful for 
historical datasets. The SHI formula, h + (h – BSA), separates 
a deterministic component (height) from a facultative 
component, termed the bodyprint (BP = h – BSA), allowing the 
personal assessment largely lost in traditional BMI. The linear 
relationship between SHI and BMI suggests a fundamental 
hierarchy: BMI, dependent on height squared, is a derived 
property, while SHI, based on linear components, represents 
a more elemental descriptor of human form.

Over the 17-year study period, encompassing early 
multidetector CT scanners to modern imaging systems, the 
SHI–BMI relationship remained stable, suggesting this is a 
biological constant, not a technological artifact. Temporal 
biases from missing historical records likely had minimal 
impact on the ϐindings. The analysis of ideal biometric states 
illustrates the potential of SHI for personalized benchmarking. 
Females’ projected BMI aligns with healthy norms; for 
males, the illustrative 1.1 adjustment accounts for structural 
differences in lean body mass. This factor is not universal and 
should be interpreted conceptually rather than as a population 
standard.

The SHI also acts as a conceptual mirror of BMI: all 
established relationships, rules, and interpretations from 
BMI are preserved within SHI, with only the direction of 
relationships reversed. Finally, SHI can be established in 
early adulthood to deϐine an individual reference. This is in 
accordance with the “ideal body” conception [8,9]. Lifelong 
monitoring of deviations from this personal “bodyprint” 
could detect subtle, subclinical changes, such as sarcopenia 

Table 1: Linear regression parameters for BMI and SHI, stratiϐied by sex.
Sex N Regression Model (Y = BMI, X = SHI) R²

Women 6,835 Y = 71.966 - 30.82 * X 0.979
Men 3,288 Y = 68.846 - 27.93 * X 0.984

Regression Model (Y=SHI, X=BMI)
Women 6,835 Y = 2.3158 – 0.0318 * X 0.979

Men 3,288 Y = 2.4473 – 0.0352 * X 0.981

y = -0.0325x + 2.347
R² = 0.9686
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Figure 1: Scatterplot of the relationship between BMI and SHI. BMI – body mass 
index. SHI – standard human index. h –height (m). BSA – body surface area. The h+(h-
BSA) is counted as dimensionless. R2 - coefϐicient of determination.

Table 2: Projected BMI values for the theoretical ideal SHI.
Sex Condition for Ideal State Projected BMI (kg/m²)

Women h = BSA ~21.1
Men h = BSA ~19.1
Men 1.1h = BSA ~24.1
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or metabolic syndrome, even when BMI remains normal. 
This individualized insight is unavailable from BMI or BSA 
alone. For the future, the deterministic framework offers 
the scientiϐic community a tool to unify historical data, and 
may have applications in genomics, e.g., re-analyzing GWAS 
datasets to disentangle genetic determinants of body “shape” 
versus “size” [9,10].

Conclusion

The Standard Human Index (SHI) provides a universal 
framework for the conversion and uniϐication of 
anthropometric data, transforming fragmented datasets into a 
cohesive resource. This enables large-scale meta-analyses and 
supports a precise, individualized understanding of human 
form. SHI itself does not alter biological reality but offers an 
objective, deterministic tool for researchers and clinicians to 
apply and validate.
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