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Abstract

Metabolic syndrome affects roughly a quarter of the global adult population, yet the relative
contributions of genetics and environment to its component traits remain debated. This research
estimated heritability for six metabolic syndrome components—BMI, waist circumference, fasting
glucose, HDL-cholesterol, triglycerides, and systolic blood pressure—in 214 monozygotic (MZ) and
198 dizygotic (DZ) same-sex twin pairs recruited from the Hainan Twin Registry, China. Structural
equation modelling (ACE model) decomposed phenotypic variance into additive genetic (A), shared
environmental (C), and unique environmental (E) components. BMI showed the highest heritability (h?
= 0.72), followed by HDL-cholesterol (0.70) and waist circumference (0.64). Fasting glucose (0.56)
and triglycerides (0.58) had moderate heritability, while systolic blood pressure showed the lowest
estimate (0.52). Shared environment accounted for 6—14 percent of variance, with the largest
contribution to fasting glucose. MZ twin correlations consistently exceeded DZ correlations by a factor
of 1.8-2.2, consistent with additive genetic effects. These results confirm that metabolic syndrome
components are moderately to highly heritable in a Chinese population and suggest that unique
environmental exposures—rather than shared household factors—are the primary non-genetic
determinants.
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Introduction

The clustering of obesity, dyslipidaemia, hyperglycaemia, and hypertension into a single
metabolic syndrome phenotype has been recognised since Reaven’s landmark description in
1988 [, Whether these traits share a common genetic basis or merely co-occur because of
shared environmental exposures—sedentary lifestyle, calorie-dense diets—has been a
persistent question 2. Twin research offers the most direct way to partition trait variance into
genetic and environmental components: monozygotic twins share 100 percent of their
segregating alleles, while dizygotic twins share on average 50 percent, so greater
resemblance in MZ than DZ pairs implies genetic influence Bl. Previous twin studies of
metabolic traits, primarily from European and Scandinavian registries, report heritability
estimates ranging from 0.40 to 0.80 for BMI and 0.35 to 0.65 for blood pressure * 5. Data
from East Asian populations are scarce, and the few Chinese twin studies published before
2020 used small samples and univariate methods that could not separate shared from unique
environmental effects [ 7). This research applied multivariate structural equation modelling
to a well-characterised twin cohort from Hainan, China, to estimate ACE model parameters
for six metabolic syndrome components and to test whether shared household environment
contributes meaningfully to trait variance in this population.

Material and Methods

Material

Twin pairs were recruited from the Hainan Twin Registry, a population-based registry
maintained by the Hainan Tropical Institute of Biology, Haikou, Hainan, China. Data were
collected between March 2022 and January 2023. Zygosity was confirmed by genotyping 16
highly polymorphic short tandem repeat (STR) markers (PowerPlex 16 HS System,
Promega). A total of 214 MZ and 198 DZ same-sex pairs (age range 25—68 years, mean 43.7
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+ 11.2) participated. BMI was calculated from measured
height and weight. Waist circumference was taken at the
midpoint between the lowest rib and iliac crest. Fasting
venous blood (12-hour overnight fast) was analysed for
glucose (hexokinase method), HDL-cholesterol (direct
enzymatic), and triglycerides (GPO-PAP) on a Beckman
AUS800 clinical analyser. Systolic blood pressure was the
mean of three seated readings (Omron HEM-907XL).

Methods

Intraclass correlations (ICC) were computed separately for
MZ and DZ pairs. ACE structural equation models were
fitted using the OpenMx package (v2.21) in R 4.3.1. The
significance of A, C, and E components was tested by
comparing the full ACE model against nested AE, CE, and
E-only models using likelihood-ratio ¥ tests. Model fit was
assessed by Akaike information criterion (AIC). Age and
sex were included as covariates. Heritability (h?) was
defined as A/(A+C+E). All traits were adjusted for age and
sex via residual regression before twin modelling. Normality
was assessed by Shapiro—Wilk test; triglycerides were log-
transformed.

Ethical Considerations

The research protocol was approved by the Ethics
Committee of the Hainan Tropical Institute of Biology
(approval number HTIB-EC-2022-014, dated 8 February
2022). All participants provided written informed consent.
Twins under 18 years of age were excluded. Data were de-
identified and stored on encrypted servers compliant with
China’s Personal Information Protection Law. Participants
could withdraw at any stage without affecting their medical
care.

Results

Table 1: Intraclass correlations for MZ and DZ twin pairs across
six metabolic traits

Trait MZ | DZ MZ/DZ n (MZ n (DZ

ICC | ICC Ratio pairs) pairs)
BMI 0.74 | 0.38 1.95 214 198
Waist circ. | 0.68 | 0.31 2.19 214 198
Fasting | o 6> | 034 | 182 214 198

glucose

HDL-C 0.71 | 0.36 1.97 214 198
Triglycerides | 0.58 | 0.27 2.15 214 198
Systolic BP | 0.53 | 0.24 2.21 214 198

Table 2: ACE model variance decomposition for metabolic
syndrome components. h? = heritability.

Trait A (h®) C E Best Model
BMI 0.72 |0.08 | 0.20 AE
Waist circ. 0.64 |0.12]0.24 AE
Fasting glucose 0.56 |0.14 | 0.30 ACE
HDL-C 0.70 | 0.06 | 0.24 AE
Triglycerides 0.58 |0.11 | 0.31 ACE
Systolic BP 0.52 10.09 | 0.39 AE

MZ twin correlations exceeded DZ correlations for all six
traits (Table 1; Figure 1). The MZ/DZ ratio ranged from
1.84 (systolic BP) to 2.21 (HDL-C), consistent with additive
genetic effects. ACE model estimates are shown in Table 2
and Figure 2. BMI had the highest heritability (h* = 0.72),
followed by HDL-C (0.70) and waist circumference (0.64).
Fasting glucose (0.56), triglycerides (0.58), and systolic BP
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(0.52) showed moderate heritability. Shared environment
(C) contributed 6-14 percent, with the largest share for
fasting glucose (14 percent). Unique environment (E)
accounted for 20-39 percent, being greatest for systolic BP
(39 percent). Model comparison confirmed that the AE
model (dropping C) fit as well as the full ACE model for
BMI, HDL-C, and waist circumference (p > 0.05),
suggesting minimal shared environmental influence on these
traits. The ACE modelling architecture is summarised in
Figure 3.
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Fig 1: MZ vs DZ twin correlations for six metabolic traits. Points
above the diagonal indicate genetic influence.
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Fig 2: Variance decomposition (A, C, E) for each metabolic
syndrome component.

Metabolic Syndrome Components
(6 quantitative traits)

Additive Genetic

Variance (A) Variance (E)

]

MZ & DZ: r(E)=0
(Indivi ific

Unique Environment |

MZ & DZ: r(C)=1.0
(Shared

Pt

|

ACE Model Estimation
{Maximum Likelihood / SEM)

—_

Heritability (h?) = A/ (A + C + E)

Fig 3: Conceptual diagram of the ACE structural equation model
applied to twin data for metabolic traits.
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Discussion

Our BMI heritability of 0.72 closely matches the 0.70-0.77
range reported in the Finnish Twin Cohort and the Swedish
Twin Registry, suggesting that the genetic contribution to
adiposity is remarkably consistent across populations
despite large differences in dietary composition ' 121, The
HDL-C estimate (0.70) is similarly concordant with
European data, which typically report 0.60-0.75 3, The
relatively low shared environment contributions (6-14
percent) indicate that growing up in the same household—
sharing meals, physical activity patterns, and socioeconomic
status—has a smaller impact on adult metabolic traits than
individual-specific exposures such as personal diet choices,
exercise habits, occupational physical demands, and
microbiome composition ['4. This finding has implications
for public health messaging: family-level interventions may
be less effective than individually tailored programmes. The
higher unique environmental component for systolic BP (39
percent) compared with BMI (20 percent) may reflect the
greater susceptibility of blood pressure to acute stressors,
sodium intake variation, and measurement artefacts, all of
which introduce non-genetic variance [,

Limitations

Several limitations merit consideration. First, the equal
environments assumption—that MZ and DZ twins
experience equally similar environments—may not hold if
MZ twins are treated more alike due to their physical
resemblance, which would inflate heritability estimates (1.
Second, our sample is drawn from a single Chinese province
(Hainan) and may not generalise to northern Chinese or
other East Asian populations with different dietary patterns
and cold-climate exposures [°. Third, the ACE model
assumes that genetic effects are purely additive; dominance
or epistatic variance, if present, would be confounded with
shared environment in the DZ correlation, potentially
biasing the C estimate downward '), Fourth, we measured
each trait at a single time point; longitudinal sampling
would be needed to assess whether heritability changes with
age.

Conclusion

Metabolic syndrome components are moderately to highly
heritable (h? = 0.52—0.72) in this Chinese twin cohort. BMI
and HDL-cholesterol showed the strongest genetic
influence, while systolic blood pressure was most
susceptible to unique environmental factors. Shared
household environment contributed relatively little (<14
percent) to trait variance. These findings support the view
that individual-level environmental interventions are more
likely to modify metabolic risk than family-level approaches
and encourage genome-wide association efforts in East
Asian populations to identify the specific genetic variants
underlying these heritability estimates.
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