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Evaluating the causal effects of life-course 2
adiposity on jaw anomalies

Xin Chen', Zheng Cheng', Qianyi Wang?, Yubin Jiang®’, Qing Cheng' and Qianglin Jiang"”

Abstract

Background Observational studies indicate that obesity correlates with jaw development and remodeling; however,
causality remains unclear. This study aimed to examine the potential causal relationship between life-course adiposity
and jaw anomalies.

Methods Utilizing summary statistics from genome-wide association studies predominantly of European ancestry,
we conducted univariable and multivariable Mendelian randomization (MR) to estimate overall and independent
effects of six obesity traits (birth weight, childhood body size, childhood body mass index [BMI], adult BMI, adult
body fat percentage, and adult waist circumference) on seven jaw anomalies, including bimaxillary hypoplasia,
prognathism, retrognathism, and jaw asymmetry. Comprehensive sensitivity analyses verified robustness, assessed
heterogeneity, and examined pleiotropy.

Results In univariate analyses, genetically predicted thinner childhood body size (inverse variance weighted [IVW]
OR:041,95% Cl: 0.27-0.62, p <0.001), adult BMI (IVW OR: 0.65, 95% Cl: 0.53-0.80, p < 0.001), and waist circumference
(IVW OR: 0.60, 95% Cl: 0.45-0.82, p=0.001) were significantly associated with the risk of mandibular retrognathia
following Bonferroni correction. Multivariable MR analysis revealed a direct causal effect of childhood body size

on mandibular retrognathia, independent of birth weight, adult adiposity, growth hormones, and lifestyle factors.
No evidence was found for causal associations between life-course adiposity and other jaw anomalies. Sensitivity
analyses produced broadly consistent findings.

Conclusions This MR study provides new evidence on the direct causal effects of thin childhood body size on the
risk of mandibular retrognathia, emphasizing the critical role of early childhood nutrition and weight management in
craniofacial development.
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Background

Obesity has emerged as a major global health challenge
affecting all segments of the population, including chil-
dren and adolescents [1]. Notably, obesity is manifest-
ing at younger ages, with approximately 8% of children
under five, 33% of school-aged children, and 25% of
youth aged 10-19 classified as overweight or obese [2].
Health sequelae include increased risks of cardiovascular
disease, diabetes, psychosocial issues, and joint disorders
in later life [3, 4]. From a life-course perspective, genetic
and environmental factors influencing children’s growth
may have lasting effects on adult health.

Beyond overall growth, obesity significantly impacts
craniofacial development [5]. Excess weight in children
is associated with early puberty onset, accelerated den-
tal eruption, and cervical vertebrae maturation [6, 7]. In
vivo studies demonstrate that the condyle cartilage cells
are rich in leptin receptors, and exogenous leptin injec-
tion can promote anterior mandibular growth in lean
mice [8]. Genetic evidence suggested the CC allele of
rs8044769 in the FTO gene as a risk factor for temporo-
mandibular osteoarthritis [9]. Notably, recent research
highlights an increased risk of jaw anomalies, such as
mandibular prognathism, among obese children and ado-
lescents [5-7, 10]. They also display reduced mandibular
plane angles and soft-tissue profile convexity [7]. Con-
versely, individuals with pronounced jaw anomalies may
experience chronic feeding difficulties and appearance-
related anxiety [11], both of which impact weight man-
agement. It is essential to note that observational studies
on obesity’s effects on cranial development rely on small,
homogenous samples, which may introduce confounding
variables and potential reverse causality [5, 10]. To date,
no systematic examination of the association between
obesity and jaw anomalies has been conducted, leaving
the causal role of obesity in jaw development unresolved.

Mendelian randomization (MR) has emerged as a
powerful method for inferring causal relationships by
leveraging genetic variations associated with specific
exposures [4]. Because genotypes are determined at
conception and remain unaffected by disease progres-
sion, MR substantially mitigates reverse causality risk.
Prior studies using MR have suggested that a higher body
mass index (BMI) is linked to increased mandibular bone
miner density and a reduced risk of temporomandibular
disorders [4, 12, 13]. The recent release of genome-wide
association study (GWAS) data related to jaw anomalies
(e.g., jaw hypoplasia, prognathism, retrognathism, and
asymmetry) has provided robust genetic instruments for
MR analysis [14]. Given the limitations of using a single
BMI measure as a proxy for weight and body composi-
tion, incorporating additional adiposity indices, such
as body size and body fat percentage, may yield a more
comprehensive understanding of early-life obesity’s
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causal effects on jaw development. It is also essential to
assess the effects of life-course adiposity on jaw anoma-
lies due to age-related changes [15]. While childhood and
adolescent obesity may directly impact jaw development,
adult adiposity likely plays a critical role in bone remod-
eling [16]. Disentangling the impact of obesity at specific
life stages is challenging, especially due to genetic corre-
lations between childhood and adult adiposity. This com-
plexity supports the use of a multivariable MR (MVMR)
approach, which may reveal whether childhood adiposity
has an independent or persistent influence on outcomes
or if effects are mediated by other obesity traits. Notably,
prior MVMR studies have suggested that childhood BMI,
rather than adult BMI, causally associates with humerus
length, tibiofemoral angle, and temporomandibular dis-
orders [4, 12].

In the present study, we leveraged genetic instruments
to genetically predict birth weight, childhood BMI, child-
hood body size, adult BMI, body fat percentage, and
waist circumference as surrogate measures of obesity
across various life stages, aiming to comprehensively esti-
mate direct and indirect effects on jaw anomalies, includ-
ing bimaxillary hypoplasia, prognathism, retrognathism,
and jaw asymmetry. Our findings elucidate the causal
relationship between life-course obesity and specific jaw
anomalies and underscore the need for early preventive
strategies.

Methods

Study design

The study design is illustrated in Fig. 1. Initially, we uti-
lized human genetic data within the MR framework to
explore the overall causal link between adiposity at vari-
ous life stage and the risk of jaw anomalies (Fig. 1A). Sub-
sequently, we quantified the specific effects of various
obesity indicators on the likelihood of developing these
anomalies (Fig. 1B, C). To reduce potential bias from
population stratification, only individuals of European
ancestry were included.

Data source

Exposures

Five obesity traits were derived from the UK Biobank, a
comprehensive biomedical database that includes health
and genetic data for approximately 500,000 UK par-
ticipants. The chosen traits included birth weight (N=
261,932), childhood body size (N= 453,169), adult BMI
(N= 532,396), waist circumference (N= 407,661), and
body fat percentage (N = 454,633). Birth weight (Kg) and
childhood body size were self-reported by participants.
Specifically, participants were asked to recall their body
shape at age 10 compared to the average, categorizing
themselves as “thinner”, “plumper’, or “above average”
[17]. Those who selected “Do not know” or “Prefer not
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Fig. 1 Overview of the present MR study. (A) The total effects of life-course adiposity (birth weight; childhood body mass index; childhood body size;
adult body mass index; waist circumference; body fat percentage) on jaw anomalies (bimaxillary hypoplasia, prognathism, retrognathism, and jaw asym-
metry) estimated by univariable MR; (B) The direct effect of childhood body size on mandibular retrognathia accounting for birth weight and adulthood
adiposity estimated by multivariable MR; (C) Applying the same multivariable framework to estimate the indirect effects on mandibular retrognathia
mediated along the causal pathway via birth weight or adulthood adiposity. The colored arrows in red, green, and orange on these graphs illustrate the
causal effect of childhood body size on the outcome being estimated in multivariable MR analyses

to answer” were excluded. Adult BMI was calculated by
dividing body mass by the square of body height, and
body composition was estimated via impedance mea-
surement [18]. Additionally, childhood BMI GWAS data
came from a meta-analysis involving up to 61,111 Euro-
pean children aged 2 to 10 years [19].

Outcomes

We sourced summary-level statistics on jaw anomalies
from the FinnGen project (R11 version), where diagno-
ses were based on International Classification of Diseases
codes K07.0 and K07.1 [14]. Jaw anomalies included both
size-related anomalies, such as maxillary (104 cases,
453,629 controls) and mandibular hypoplasia (204 cases,
453,529 controls), and anomalies in jaw-cranial base rela-
tionship, including asymmetry of jaw (505 cases, 453,228
controls), maxillary prognathism (170 cases, 453,563
controls), mandibular prognathism (474 cases, 453,259
controls), maxillary retrognathism (598 cases, 453,135
controls), and mandibular retrognathia (2,354 cases,
451,379 controls). There was no sample overlap between
obesity-related traits and outcomes in this MR study.

Covariates

To investigate the direct effects of specific life-course
obesity on jaw anomalies, potential confounders were
integrated into the MVMR models. These included
growth hormone levels (N= 21,758), insulin-like growth
factor 1 levels (N= 435,516), hypothyroidism (22,507
cases, 436,817 controls), moderate to vigorous physical
activity levels (N= 377,234), and snoring (90,806 cases,
99,165 controls). Details of each research consortium,
data type and source are provided in Table 1.

Instrument selection
MR analysis requires that instrumental variables (IVs)
fulfill three core assumptions: they must be strongly

associated with the exposure, not related to confound-
ers, and affect outcomes only through the exposure [20].
Briefly, single nucleotide polymorphisms (SNPs) were
selected based on genome-wide significance (p< 5x
107®) to minimize false positives and underwent linkage
disequilibrium clumping (r*> 0.001, clumping window
<10,000 kb) to prove independent of each other. The
F-statistic was calculated as we did before, with a value
>10 indicating reliable instrument strength [4, 21].

A total of 143 SNPs for birth weight, 17 for childhood
BMI, 231 for childhood body size, 489 for adult BMI, 395
for body fat percentage, and 337 for waist circumference
were identified, accounting for 1.5-6.0% of the variance
in the life course adiposity (Supplementary Table 1). The
minimum F statistic was 27, indicating that all IVs of
the adiposity traits were sufficiently informative for MR
analyses.

Statistical analysis

Univariable MR (UVMR) and MVMR

The random-effects inverse variance weighted (IVW)
method was applied in UVMR to estimate the total
effect of obesity throughout life on jaw anomalies. Bon-
ferroni correction addressed multiple testing, setting a
significance threshold of 0.0012 (0.05/42). Associations
with p-values between 0.01 and 0.001 were considered
suggestive. Given the likely corrections among genetic
determinants of obesity across life stages, MVMR mod-
els incorporated obesity traits at other life stages to
determine independent effects. Additionally, the MVMR
model was extended to adjust for hormone and life-
style covariates, with the multivariable IVW (MV-IVW)
served as the primary analysis method due to its high
precision in estimating causal risks, assuming all I'Vs are
valid.
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Table 1 Overview of the GWAS data used in the study

Phenotype Consortium Sample size Ancestry Datatype PubMed Data source
or cohort (cases/controls) identifier
study

Exposure: life course adiposity

Birth weight UK Biobank 261,932 European Continues ~ NA https://gwas.mrcieu.ac.uk/datasets/uk
b-b-13378/

Childhood body size UK Biobank 453,169 European Categorical  32376,654  https://gwas.mrcieu.ac.uk/datasets/ie

Ordered u-b-5107/

Adult body mass UK Biobank 532,396 European Continues 29892013 https://gwas.mrcieu.ac.uk/datasets/eb

index i-a-GCST90029007/

Waist circumference UK Biobank 407,661 European Continues 34017140 https://gwas.mrcieu.ac.uk/datasets/eb
i-a-GCST90014020/

Body fat percentage UK Biobank 454,633 European Continues NA https://gwas.mrcieu.ac.uk/datasets/uk
b-b-8909/

Childhood body mass  EGG 61,111 European Continues 33045005 https.//www.ebi.ac.uk/gwas/publicatio

index ns/33045005

Confounding factors: hormones and lifestyles

Growth hormone Meta 21,758 European Continues 33067605 https://gwas.mrcieu.ac.uk/datasets/eb

levels i-a-GCST90012032/

Insulin-like growth UK Biobank 435,516 European Continues 34226706 https://gwas.mrcieu.ac.uk/datasets/eb

factor 1 levels i-a-GCST90025989/

Hypothyroidism UK Biobank  22,507/436,817 European Binary 29892013 https://gwas.mrcieu.ac.uk/datasets/eb
i-a-GCST90029022/

Moderate to vigorous UK Biobank 377,234 European Categorical 29899525 https://gwas.mrcieu.ac.uk/datasets/eb

physical activity levels Ordered i-a-GCST006097/

Snoring UK Biobank  90,806/99,165 European Binary 32060260 https://gwas.mrcieu.ac.uk/datasets/eb

i-a-GCST009762/

Outcome: jaw anomalies

Major anomalies of jaw size

Maxillary hypoplasia ~ FinnGen 104/453,629 European Binary 36653562 https://storage.googleapis.com/finnge
n-public-data-r11/summary_stats/finng
en_R11_KT11_MAXIL_HYPOPL.gz

Mandibular FinnGen 204/453,529 European Binary 36653562 https://storage.googleapis.com/finnge

hypoplasia n-public-data-r11/summary_stats/finng
en_R11_K11_MANDIBULAR_HYPOPL.gz

Anomalies of jaw-cranial base relationship

Asymmetry of jaw FinnGen 505/453,228 European Binary 36653562 https://storage.googleapis.com/finnge
n-public-data-r11/summary_stats/finng
en_R11_K11_ASYMMETRY_JAW.gz

Maxillary prognathism  FinnGen 170/453,563 European Binary 36653562 https://storage.googleapis.com/finnge
n-public-data-r11/summary_stats/finng
en_R11_K11_MAXIL_PROGN.gz

Maxillary FinnGen 598/453,135 European Binary 36653562 https://storage.googleapis.com/finnge
retrognathism n-public-data-r11/summary_stats/finng
en_R11_K11_RETROG_MAXILLAE.gz
Mandibular FinnGen 474/453,259 European Binary 36653562 https://storage.googleapis.com/finnge
prognathism n-public-data-r11/summary_stats/finng
en_R11_K11_MN_PROGN.gz
Mandibular FinnGen 2,354/451,379 European Binary 36653562 https://storage.googleapis.com/finnge
retrognathia n-public-data-r11/summary_stats/finng

en_R11_K11_MN_RETRGN.gz

Abbreviation: EGG, Early Growth Genetics; NA, not available

MR sensitivity analysis varying assumptions. The weighted-median method can
In UVMR, additional methods such as MR Egger, provide reliable causal effect estimates when fewer than
weighted median, and Mendelian randomized polymor-  half of the SNPs are invalid, whereas MR Egger offers
phism RESidual Sum and Outlier (MR-PRESSO) were robust inferences even if all instruments are compro-
used to verify the robustness of IVW findings under mised [22, 23]. Furthermore, MR Egger’s intercept term
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was analyzed to detect pleiotropic bias. MR-PRESSO
could detect outlier SNPs indicative of horizontal plei-
otropy and assess whether their exclusion impacts the
causal estimates. For MVMR, MV-IVW results were
validated with MVMR-median and multivariable MR-
Egger (MVMR-Egger), and multivariable MR-Lasso
(MVMR-Lasso) methods. The MVMR-Lasso approach
employs lasso-type penalization on the direct effects of
genetic variants on the outcome, generating post-lasso
estimates via MV-IVW with only those genetic variants
deemed valid by the lasso procedure [24]. Cochran’s Q
test assessed IVs heterogeneity, and leave-one-out analy-
sis checked for single SNP-driven effects.

IVW estimates were considered causal only if they
demonstrated consistent direction and significance with
at least one sensitivity analysis and showed no pleiot-
ropy. All MR analyses were conducted using R (version
4.3.0) with the TwoSampleMR package (version 0.5.6),
MRPRESSO (version 1.0), and MendelianRandomization
(version 0.7.0).

Results

Total effects of life course adiposity on jaw anomalies
Applying a Bonferroni correction of 0.0012(0.05/42) to
adjust for multiple tests, a total of 3 significant obesity-
trait associations were observed (Fig. 2). Specifically, we
found that a reduced risk of mandibular retrognathia
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associated with childhood body size (IVW OR: 0.41, 95%
CIL: 0.27-0.62, p< 0.001), adult BMI (IVW OR: 0.65, 95%
CI: 0.53-0.80, p< 0.001), and waist circumference (IVW
OR: 0.60, 95% CI: 0.45-0.82, p= 0.001). These asso-
ciations were directionally consistent across sensitivity
analyses and robust under the MR-PRESSO approach.
For these significant associations, diagnostic tests (MR-
Egger intercept <0.008, p= 0.219) and visual detections
via funnel plots, demonstrated no evidence of bias from
pleiotropy (Supplementary Table 2, Supplementary Fig.,
2). However, variant heterogeneity tests indicated poten-
tial heterogeneity across these associations (p< 0.001).
Leave-one-out analysis confirmed that no single SNP sig-
nificantly drove the causal associations between adiposity
traits and mandibular retrognathia (Supplementary Fig.
3).

Genetically proxied childhood BMI (IVW OR: 0.68,
95% CI: 0.46-0.99, p= 0.045) and body fat percentage
(IVW OR: 0.71, 95% CI: 0.53-0.95, p= 0.023) demon-
strated a trend toward association with mandibular ret-
rognathia but did not reach the corrected significance
threshold (Supplementary Table 2). Birth weight was
found to have a potential causal effect on mandibu-
lar prognathism (IVW OR: 2.34, 95% CI: 1.33-4.12, p=
0.003). No causal association was detected between life
course adiposity and maxillary hypoplasia, mandibular

Exposure N.SNPs OR (95% CI) : :X - miﬁfgm

Childhood body size 182 0.41 (0.27, 0.62) - I <0.001*
182 0.26 (0.11, 0.60) —— i 0.002
182 0.52 (0.27, 0.98) r—l—ii 0.044
182 0.45 (0.31, 0.65) — — ! <0.001*

Adult BMI 405 0.65 (0.53, 0.80) = i <0.001*
405 0.61 (0.35, 1.05) —a— 0.074
405 0.70 (0.49, 0.99) !—-—!: 0.042
402 0.67 (0.56, 0.81) - — i <0.001*

Waist circumference 254 0.60 (0.45, 0.82) —-— <0.001*
254 0.44 (0.19, 1.01) — : 0.055
254 0.72 (0.45, 1.16) — . 0.181
252 0.62 (0.47, 0.80) — — i <0.001*

(|) 01.5 1{0 1|.5

Fig. 2 Forest plot depicting MR results for the association of genetically proxied life-course adiposity with mandibular retrognathia. Abbreviations: N.
SNPs, number of SNPs used in MR; OR, odds ratio; Cl, confidence intervals; VW, inverse variance weighted; WM: weighted median; BMI: body mass index.

* P<0.05/42
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Exposure N.SNPs OR (95% CI) EMV-IvW B MVMR-Egger Ml MVMR-Lasso  MVMR-median P
Childhood body size :

adjusted for birth weight 249 0.49 (0.31, 0.78) —— : 0.002
249 0.39 (0.18, 0.84) —— 0.016
249 0.56 (0.37, 0.85) —a— 0.006
249 0.64 (0.35, 1.18) t : { 0.153
adjusted for adult BMI 432 0.33(0.17, 0.64) —— i 0.001
432 0.32 (0.16, 0.66) —— : 0.002
432 0.47 (0.26, 0.85) — i 0.013
432 0.37 (0.15, 0.86) _ 0.022
adjusted for waist circumence 314 0.44 (0.25, 0.76) —— i 0.003
314 0.50 (0.26, 0.94) —.— 0.031
314 0.60 (0.35, 1.01) —— 0.052
314 0.38 (0.18, 0.81) _ i 0.012
adjusted for above traits 440 0.42 (0.19, 0.91) —-— 0.027
440 0.48 (0.20, 1.14) — L 0.097
440 0.53 (0.26, 1.07) t L : 1 0.075
440 0.30 (0.11, 0.83) _— 0.019
Adult BMI
adjusted for childhood body size 432 0.93 (0.66, 1.30) l—l-i—l 0.668
432 0.92 (0.64, 1.31) A 0.633
432 0.69 (0.51, 0.94) —a— i 0.018
432 0.83 (0.54, 1.28) b 0.408
Waist circumference i
adjusted for childhood body size 314 0.96 (0.65, 1.42) l—Ii—i 0.850
314 1.00 (0.67, 1.50) ' £ 0.981
314 0.82 (0.57, 1.18) e 0.279
314 1.23 (0.72, 2.08) —_ 0.452

[
0

Fig. 3 Multivariable MR estimating the association of birth weight, childhood body size and adult adiposity with mandibular retrognathia. Abbrevia-
tions: N. SNPs, number of SNPs used in MR; OR, odds ratio; Cl, confidence intervals; MV-IVW, multivariable inverse-variance weighted; MVMR, multivariable

Mendelian randomization; BMI, body mass index

hypoplasia, maxillary retrognathism and prognathism
(all IVW p > 0.05).

Direct effect of childhood body size on mandibular
retrognathia

In the MV-IVW analyses, the effect of childhood body
size on the reduced risk of mandibular retrognathia
remained significant and direct after adjusting for birth
weight (OR: 0.49, OR: 0.31-0.78, p= 0.002), adult BMI
(OR: 0.33, 95% CI: 0.17-0.64, p= 0.001), and waist cir-
cumference (OR: 0.44, 95% CI: 0.25-0.76, p= 0.003),
or all factors combined (OR: 0.42, 95% CI: 0.19-0.91,
p= 0.027) (Fig. 3, Supplementary Table 3). However,
the associations between mandibular retrognathia and
genetically predicted adult BMI (MV-IVW OR: 0.93, 95%

CI: 0.67-1.30, p= 0.668) and waist circumference (MV-
IVW OR: 0.96, 95% CI: 0.65-1.42, p = 0.850) disappeared
after adjusting for childhood body size. Following addi-
tional adjustments for growth hormone levels, insulin-
like growth factor 1 levels, presence of hypothyroidism,
physical activity and snoring, all four multivariable meth-
ods continued to support the causal relationship between
childhood body and mandibular retrognathia (Supple-
mentary Table 4). Cochran’s Q test indicated heteroge-
neity across instrumental variables, while MVMR-Egger
intercept tests revealed minimal pleiotropy (Supplemen-
tary Tables 3, 4).
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Discussion

To data, this is the first study to investigate the causal
relationship between life-course adiposity and jaw anom-
alies using complementary MR approaches. Our analy-
sis provides robust evidence that genetically predicted
obesity traits at various life stages exert a total effect on
anomalies related to mandibular retrognathia, but not
on major jaw size anomalies. Additionally, when apply-
ing MVMR to account for adiposity on other life stages
and various confounding factors (e.g., growth hormones
and lifestyles), only the effects of childhood body size on
mandibular retrognathia remained significant and direct.
Besides, there was limited evidence supporting a direct
or indirect role of other life-course adiposity factors, such
as birth weight, adult BMI, body fat percentage and waist
circumference, in causing jaw anomalies [25].

Our findings align with previous research highlighting
the association between obesity and craniofacial develop-
ment. It is well-established that pediatric individuals with
obesity exhibit earlier growth onset, larger final skeletal
dimensions, and an increased incidence of bimaxillary
prognathism [5, 6, 10]. However, most previous studies
have focused on imaging measurements, often encoun-
tering difficulties in identifying suitable control groups
due to ethical constraints limiting radiographic expo-
sure of non-patients. Longitudinal cephalometric growth
data from normal populations serving as controls remain
scare. A prospective study by Al-Taai et al. explored cra-
niofacial changes, including skeletal, soft tissue, and den-
tal modifications, in untreated orthodontic subjects with
normal occlusion from ages 13 to 62 [15]. Interestingly,
bimaxillary changes could persist into the sixth decade
of life, characterized by substantial posterior rotation of
the mandible and retrognathism from ages 31 to 62 [15].
Most observational studies have predominantly focused
on children and adolescents, neglecting the potential
impact of birth weight and adult obesity on jaw devel-
opment and remodeling throughout the lifespan [5, 6].
Our study addresses critical gaps in the literature by spe-
cifically examining the role of life-course adiposity in jaw
anomalies, thus contributing to a more comprehensive
understanding of the long-term effects of obesity on jaw
morphology. Not surprisingly, our findings did not dem-
onstrate causal effects of life-course obesity on maxillary
and mandibular hypoplasia, a result that appears rational
given that facial proportions did not exhibit significant
deviations from normality, while dentofacial dimensions
were relatively greater in obese individuals [7, 10].

Hormonal and environmental factors play important
roles in the development of mandibular retrognathia.
Individuals with higher socioeconomic status often have
better access to educational and healthcare resources,
including specialized dental care, which may facilitate
early diagnosis and timely intervention for craniofacial
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anomalies [26]. Additionally, certain oral habits, such as
habitual chin resting, mouth breathing, and thumb suck-
ing, have been implicated in mandibular retrognathia by
altering muscle function and mechanical forces on the
mandible [27]. From a hormonal perspective, growth
hormone and insulin-like growth factor 1 are key regula-
tors of mandibular development, primarily by stimulating
chondrocyte proliferation in the condylar cartilage [28].
Deficiencies in growth hormone and insulin-like growth
factor 1 have been associated with impaired mandibu-
lar growth, potentially contributing to retrognathism.
Similarly, thyroid hormone imbalances can disrupt endo-
chondral ossification in the condyle, further impacting
mandibular projection [29]. However, the association
between childhood body size and mandibular retrogna-
thia remained significant even after adjusting for growth
hormone levels, insulin-like growth factor 1 levels, pres-
ence of hypothyroidism, physical activity and snoring.

In this study, we employed objective measurements of
childhood BMI and self-reported body size at age of 10
as indicators of childhood obesity. Our study may con-
tribute to the field by suggesting a potential link between
childhood obesity and a reduced risk of mandibular ret-
rognathia in adulthood, a hypothesis indirectly supported
by previous observational studies [5, 7]. This insight
could have important implications for early orthodontic
intervention and skeletal surgery. Although the precise
mechanisms linking childhood body size and mandibu-
lar retrognathia remain unclear, several plausible path-
ways have been proposed. One potential mechanism is
that underweight children may experience alternations
in temporomandibular structure and function during
a critical period of craniofacial development, which in
turn inhibit the anterior and inferior growth of the man-
dible [4, 30]. The condyle plays a critical role in mandibu-
lar development, as its adaptive growth is influenced by
both mechanical loading and functional stimuli. Previ-
ous studies have indicated that children with a higher
BMI may be at a lower risk of temporomandibular dis-
orders than those with a lower BMI [4]. This association
may be attributed to improved masticatory efficiency and
reduced chewing frequency, which may reduce excessive
mechanical strain on the temporomandibular joint (TM])
[31]. In contrast, individuals with a lower BMI may be
more susceptible to temporomandibular dysfunction
due to increased functional strain on the joint [31]. Mag-
netic resonance imaging studies have demonstrated that
patients with TM]J pain frequently exhibit increased sig-
nal intensity in the bilaminar tissue, a finding indicative
of hypervascularity and attachment edema [32, 33]. These
structural alterations may contribute to progressive man-
dibular growth disturbances. If left untreated, temporo-
mandibular disorders might result in significant facial
growth impairment, including mandibular retrognathia
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or facial asymmetry [33]. Additionally, upper airway nar-
rowing and tongue hypertrophy, often associated with
obesity, may further promote forward displacement of
the mandible to maintain airway patency [34]. Further-
more, leptin, a hormone that enhances muscle mass and
strength, may be elevated in obese individuals, leading to
increased tension in the masseter muscle and promoting
a more upward and anterior mandibular position in both
vertical and horizontal dimensions [35].

Given the critical periods for bone development (e.g.,
childhood and adolescence), the impact of obesity prior
to early adulthood on craniofacial morphology is particu-
larly relevant for orthodontic treatment. However, due to
age-related changes in jaw morphology and the demo-
graphic characteristics of our outcome population (mean
age 41.5) [14], GWAS data on adult obesity were also
incorporated into our MR analysis. Our findings indi-
cate an inverse relationship between adult obesity (e.g.,
BMI and waist circumference) and mandibular retrogna-
thia, aligning with the results of two retrospective cohort
studies conducted in Chinese and French adult popula-
tions [34, 36]. However, neither these observational stud-
ies nor our MR analysis accounted for age-related oral
issues impacting craniofacial morphology, such as peri-
odontitis, caries, and tooth loss. Additionally, the SNB
angle, which reflects mandibular position in the sagittal
dimension, gradually increases during puberty and sub-
sequently declines in late adulthood [15]. Researchers
have suggested that the observed mandibular retrogna-
thia in adulthood may be attributed to age-related reduc-
tions in cortical bone thickness [37]. Furthermore, when
adjusting for childhood body size in MVMR, the influ-
ence of adult adiposity on mandibular retrognathia disap-
peared. Our findings suggest that the observed negative
associations between adult obesity and jaw anomalies
may be influenced by a history of lower childhood BMI
or by the inclusion of a significant proportion of young
adults within the sample [34, 36]. On the other hand,
birth weight, which is significantly affected by maternal
nutrition and health, might not accurately reflect an indi-
vidual’s susceptibility to diseases in adulthood [38].

Multidisciplinary strategies are essential for address-
ing jaw anomalies. This study provides novel evidence
that children with lower body weight are at a higher risk
of developing mandibular retrognathia. These findings
underscore the importance of early nutritional support
and growth education to prevent adverse oral habits and
promote optimal craniofacial development. Addressing
childhood undernutrition within public health initiatives
could reduce the prevalence of jaw anomalies, with broad
societal implications. Clinically, this study emphasizes
the necessity of incorporating weight assessment into
routine orthodontic evaluations for children and ado-
lescents. Evidence indicates the childhood overweight
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accelerates dental and skeletal maturation, influencing
orthodontic treatment planning, including the timing of
serial extractions and growth modification [39]. How-
ever, recent surveys indicate that 55% of orthodontists
fail to document weight-related data, and nearly 73% do
not assess obesity during patient evaluations [40]. These
findings advocate for a paradigm shift in clinical prac-
tice, making weight monitoring a standard component of
orthodontic care. Integrating weight management strat-
egies into orthodontic practice could enhance treatment
outcomes and overall health for children and adolescents,
especially for those with low weight and mandibular ret-
rognathia. Our study leveraged summary GWAS data,
where childhood body size was genetically proxied based
on self-reported recall of body shape at age 10. Due to
data limitations, stratification by specific age groups or
weight categories was not feasible. We observed a sig-
nificant inverse association between childhood body size
and mandibular retrognathia, whereas childhood BMI
(ages 2 to 10) showed only a suggestive trend without
reaching statistical significance. These findings suggest
that a leaner body size in late childhood may predispose
individuals to mandibular retrognathia, reinforcing the
need for early nutritional intervention. Public health ini-
tiatives should prioritize addressing childhood under-
nutrition, ensuring adequate caloric intake, high-quality
protein, and essential nutrients—such as calcium, vita-
min D, and omega-3 fatty acids—to support bone growth
and craniofacial development [41]. In clinical practice,
dentists, particularly orthodontists, should collaborate
with nutritionists to incorporate weight management
strategies into treatment plans, ensuring comprehensive
care and mitigating growth-related complications linked
to abnormal body weight.

While this study provides valuable insights, further
research is necessary to validate these findings. Longi-
tudinal studies are essential to track the effects of child-
hood body weight over time and its long-term impacts
on craniofacial development. This would help establish
causal relationships and better understand the mecha-
nisms linking early-life adiposity to jaw anomalies. Addi-
tionally, the current findings need to be validated in
more diverse populations, including different age groups,
ethnicities, and geographic regions, to ensure that the
results are generalizable and not influenced by cultural
or demographic factors. Finally, understanding the bio-
logical mechanisms behind the relationship between
early-life adiposity and jaw anomalies is crucial. Research
into hormonal and genetic factors influencing both obe-
sity and craniofacial development could help refine the
underlying theories and inform more effective prevention
strategies.

Several limitations should be considered when inter-
preting our findings. Firstly, the MR analysis was
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conducted exclusively on European samples, which may
limit the applicability of the findings to other racial and
ethnic groups. Secondly, it is important to note that all
significant associations identified in our study were based
on self-reported body size at age 10. Self-reported mea-
sures are inherently prone to misclassification bias, as
they rely on individual recall and subjective interpreta-
tion, which could lead to overestimation or underesti-
mation of adiposity. This misclassification may distort
the true relationship between childhood obesity and
craniofacial development, potentially leading to mislead-
ing conclusions regarding the strength and direction of
these associations. However, the large sample size (over
half a million) and the population-based design of the UK
Biobank help mitigate some of the recall bias typically
associated with self-reported data [42]. The substantial
sample size reduces the impact of individual variability
and enhances the robustness of the estimated relation-
ship between childhood body size and jaw anomalies.
Furthermore, it is important to knowledge that self-
reported data do not account for fat distribution, which
could be crucial in understanding how adiposity affects
craniofacial structures in contrast to other body regions.
Thirdly, it is well established that BMI is an imperfect
measure of body fatness in pediatric populations, espe-
cially in children under the age of 5 years [43]. In this
study, BMI data were collected from children aged 2 to
10 years, with a mean age of 7 years [19]. The use of BMI
as a proxy for adiposity may have led to potential misclas-
sification of children’s obesity status, biasing the observed
relationships between childhood BMI and jaw anomalies.
To address this limitation, future studies should con-
sider incorporating alternative adiposity measures, such
as the waist-to-height ratio or skinfold thickness, which
could provide a more accurate understanding of the role
of childhood obesity in shaping long-term health out-
comes, including craniofacial anomalies. However, it is
important to note that the available GWAS data on child-
hood obesity are currently limited to body size and BMI,
which restricts the inclusion of other adiposity measures
[13, 20]. Fourthly, although we adjusted for certain hor-
mones and lifestyle factors in the MVMR analysis, other
potential confounding factors, such as socioeconomic
status education level and dietary habits, may have been
overlooked. Insufficient control of these confounding
variables could introduce bias or inaccuracies in MR
estimates. Lastly, mandibular retrognathia is typically
identified and managed with non-surgical interventions
in children aged 4 to 10 [44]. Given that the FinnGen
sample has a mean age of 41.5 years, some participants
may have previously undergone orthodontic or surgical
treatments for jaw deformities. Consequently, the causal
effects of obesity on jaw anomalies may be underesti-
mated in our study.
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Conclusions

This MR study provides new evidence on the direct
causal effects of thin childhood body size on the risk of
mandibular retrognathia, emphasizing the critical role
of early childhood nutrition and weight management in
jaw development. Dentists should pay more attention to
underweight children when seeking medical advice for
mandibular retrognathia. Future research should refine
these findings by utilizing more accurate measures of adi-
posity and validating the results in diverse populations
to improve generalizability. Longitudinal studies explor-
ing the mechanisms linking early-life adiposity with jaw
anomalies are also warranted.
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