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• Purpose: Idiopathic scoliosis is the most common spinal deformity and affects 1–3% of 
children and adolescents. Idiopathic scoliosis may run in families and the purpose of this 
systematic review was to describe the degree of heritability.

• Methods: We searched Medline, Web of Science and EMBASE for family and twin 
studies reporting heritability estimates for idiopathic scoliosis, or studies from which 
heritability estimates could be calculated. Reference lists were screened for additional 
papers. We followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines. The protocol was registered at PROSPERO (registration number: 
CRD42022307329).

• Results: The literature search identified 1134 reports. After full-text screening, nine 
eligible reports were included for data extraction. Seven were twin studies containing 
between 5 and 526 pairs, and two were family studies with 1149 and 2732 individuals, 
respectively. Quality was ‘good’ in four studies and ‘fair’ in five studies. In general, studies 
with radiograph-confirmed diagnosis reported higher heritability estimates than studies 
with self-reported diagnosis. Population-based twin studies reported lower heritability 
estimates than clinic-based twin studies. Family-based studies reported higher heritability 
estimates than twin studies. Pairwise concordance for scoliosis ranged from 0.11 to 1.00 in 
monozygotic twins and from 0 to 1.0 in dizygotic twins. A meta-analysis of three studies 
resulted in a narrow sense heritability estimate of 0.57 (95% CI: 0.29–0.86).

• Conclusion: Twin and family studies indicate a hereditary component in idiopathic 
scoliosis, but study heterogeneity is large, and the degree of the heritability is uncertain. 
Nevertheless, known genetic variants associated with idiopathic scoliosis can still only 
explain a minor part of heritability.

Introduction

Idiopathic scoliosis is the most common type of spinal 
deformity, occurring in 1–3% of children and adolescents 
worldwide (1, 2, 3). If progressive, untreated scoliosis may 
progress to a severe deformity with detrimental effect 
on pulmonary function (Fig. 1) (4). Surgery is the only 
available treatment for severe scoliosis.

The genetic component in idiopathic scoliosis is well 
established, yet poorly understood. Twin studies in 
idiopathic scoliosis have reported higher concordance 
rates in monozygotic twins compared to dizygotic twins 
(Fig. 2) (5, 6). Family studies have also reported a higher 

prevalence of scoliosis in relatives compared to the general 
population (7, 8, 9). Despite this, the inheritance pattern 
and the aetio-pathophysiology of idiopathic scoliosis are 
yet to be fully understood (10). Studies on familial forms 
of idiopathic scoliosis have identified several modes of 
inheritance including X-linked, autosomal dominant and 
multifactorial (11, 12). A few high penetrance risk loci 
have been identified (11, 12). However, the proportion of 
idiopathic scoliosis patients that follow these Mendelian 
inheritance patterns is small and today, idiopathic scoliosis 
is regarded as a complex trait (10, 12). Like other complex 
traits, they do not follow the Mendelian inheritance 
pattern and a combination of multiple low penetrance risk 
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loci and environmental factors are the most likely cause of 
the scoliosis phenotype (10, 12, 13).

Candidate gene studies and genome-wide association 
studies have identified several idiopathic scoliosis 
susceptibility loci, for example, near the genes LBX1, 
GPR126/ADGRG6, PAX1 and BNC2 (14, 15, 16, 17, 18, 19). 
The mechanisms by which these susceptibility genes 
contribute to the phenotype of scoliosis are unclear. 
Furthermore, the currently well-known and replicated loci 
can only explain a small percentage of all possible loci and 
the missing heritability remains a concern (14, 15, 16, 17, 
18, 19, 20).

Heritability is an important parameter in quantitative 
genetics and estimates the proportion of a specific 
phenotypic variance that is attributed to differences 
in genes in a specific population (21). Heritability, 
however, is not a direct measure of the genetic effect 
on a trait.

The heritability of idiopathic scoliosis has been reported 
in a few studies with different methodologies supporting 
the importance of hereditary factors (5, 7, 22). However, 
the proportion of the observed variance in idiopathic 
scoliosis that is attributed to genetics is highly uncertain. 
In this systematic review and meta-analysis, we aimed to 
describe the degree of heritability in idiopathic scoliosis 
estimated from twin or family studies.

Materials and methods

Preliminary searches were made in December 2021 
and January 2022, to pilot the study selection process. 
The systematic review protocol was uploaded to the 
International prospective register of systematic reviews 
on January 26, 2022 (PROSPERO; www.crd.york.ac.uk/
PROSPERO). The PROSPERO registration number is 
CRD42022307329. The review process was conducted 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.

Research question

How large is the degree of heritability in idiopathic 
scoliosis?

PECO outline

Population: Individuals investigated for idiopathic scoliosis.
Exposure: Relatedness (twin pairs or families).
Controls: Individuals without idiopathic scoliosis.
Outcome: Heritability estimates.

Inclusion criteria

Included were reports with estimates of heritability for 
idiopathic scoliosis from twin or family studies. Accepted 
estimates were concordance rates, twin correlations or 

Figure 1
Severe untreated idiopathic scoliosis with severe restriction of 
the thoracic cage and pulmonary compromise in a male 
adolescent.

Figure 2
Female twin couple with moderate scoliosis.
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heritability estimates including broad or narrow sense 
heritability, as well as reports allowing calculation of 
heritability estimates. No age criteria were applied. 
Excluded were publications that did not report any new 
findings (such as reviews) and non-English reports.

Literature search

Searches were made in MEDLINE, EMBASE and Web of 
Science. The final literature search for this systematic 
review was made by experienced librarians on February 
4, 2022. The search terms are available in Supplementary 
Appendix 1 (see section on supplementary materials given 
at the end of this article).

Report selection

In the initial screening, titles and abstracts were screened 
by the authors TC and PG with the Rayyan software (23) 
to identify the reports fulfilling the inclusion criteria. 
Articles were stored in the Rayyan software and in a 
citation manager (Endnote). Full-text reading on reports 
that were identified in the initial screening was performed 
independently by the authors TC and PG. Reference lists of 
the identified reports were screened for additional reports 
that fulfilled the inclusion criteria. Discrepancies in report 
selection were solved by discussion by authors TC and PG 
and if needed after reading the full-length reports or with 
the help of a third reviewer (EE).

Data extraction

The following data (when available) was extracted and 
tabulated.

• Study type (twin/family)
• Country of origin for study
• Study size
• Scoliosis diagnosis
• Method of determining zygosity
• Data on curve size
• Concordance for monozygotic (MZ) twins (pairwise and 

probandwise)
• Concordance for dizygotic (DZ) twins (pairwise and 

probandwise)
• Tetrachoric correlations for monozygotic twins 

(dichotomous trait)
• Tetrachoric correlations for dizygotic twins (dichotomous 

trait)
• Correlations for monozygotic twins (continuous trait)
• Correlations for dizygotic twins (continuous trait)
• Broad sense heritability
• Narrow sense heritability
• Structural equation modelling data

Calculation of heritability estimates

Heritability estimates were calculated in reports that lacked 
heritability estimates but contained available relevant data 
for calculation.

Pairwise concordance estimates the probability of both 
siblings in a twin pair being affected when one twin in the 
pair is affected. Pairwise concordance was extracted from 
the report if available or calculated as follows: C/(C+D). C 
is the number of concordant pairs and D is the number of 
discordant pairs (24).

Probandwise concordance estimates the probability of 
the other twin being affected when one twin is affected 
(24). Probandwise concordance was extracted from the 
report if available or calculated as follows: 2C/(2C+D).

Correlations for the curve severity (Cobb angle) were 
extracted from the report, or if data were available in the 
report calculated as Spearman rank correlations (95% CIs).

Broad sense heritability represents all the genetic 
contribution to the phenotypic variance in the population 
and includes additive, dominant, epistatic effects, 
as well as maternal and paternal effects (25). It was 
calculated using Falconer’s formula (H2 = 2(rMZ − rDZ)  
for continuous data (26) or Holzinger’s formula  
(H2= (concordanceMZ − concordanceDZ)/(1 − concordanceDZ)) 
for concordance measures from dichotomous data if 
these were not available in the report. ‘r’ represents 
the correlation for the trait from the tetrachoric or the 
Spearman correlations in monozygotic and dizygotic 
twins, respectively.

Heritability assumptions

In twin studies, the concordance rate of idiopathic 
scoliosis between monozygotic and dizygotic twins was 
used to calculate the heritability estimates. This method 
assumes that 100% of the genome is shared between 
monozygotic twins while 50% of the genome is shared 
between dizygotic twins. The twin method is a robust way 
to minimize environmental confounding (27).

In family studies, the prevalence of idiopathic scoliosis 
in family members and controls were used to calculate 
heritability estimates. This method assumes that 50% of 
the genome is shared between a parent and a child and 
between two siblings. The genome shared between first-
degree cousins is assumed to be 12.5% (27).

Narrow sense heritability represents the proportion 
of phenotypic variance due to additive genetic  
variation (25).

Statistical analysis

Meta-analysis was performed with a restricted maximum 
likelihood model in which narrow sense heritability and 
s.e. was entered. Spearman correlations (95% CI) were 
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calculated for studies with available data for curve severity. 
SPSS version 27 was used for statistical analysis.

Risk of bias assessment

Risk of bias assessment was performed due to its potential 
impact on the results and conclusions. Quality of the 
reports was assessed by semi-quantitative grading using 
the Study Quality Assessment Tools for case–control 
studies, available at www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools independently by TC and 
PG. Discrepancies in the quality assessment were solved 
by discussion by TC and PG. The overall quality was 
assessed as good, fair or poor.

Results

Report selection

Figure 3 shows the flowchart of report selection. A total 
of 1870 reports were identified in the initial search. After 
deduplication, including a comparison of digital object 
identifiers (28), 1134 reports remained and were screened 
for eligibility. After initial screening for title and abstracts, 
20 out of the available 1134 reports qualified for full-text 
screening. An additional 12 reports were identified from 
the reference lists of the identified reports and were also 
qualified for full-text screening. Nine reports were found 

eligible after full-text screening (5, 6, 7, 22, 29, 30, 31, 32, 
33). Among the 23 excluded reports, 21 lacked heritability 
estimates or data sufficient for the calculation of heritability 
estimates, one report included non-idiopathic scoliosis 
and one report was not in English.

Sample characteristics

The studies originated from countries in East Asia, Europe 
and North America. Seven were twin studies and two 
were family studies. The publication years for the included 
studies ranged from 1967 to 2016. The sample sizes 
ranged between 5 and 526 pairs in the twin studies, and 
1149 and 2732 individuals in the family studies.

Results synthesis

The summary of extracted data from the nine studies is 
presented in Table 1.

Twin studies

Scoliosis diagnosis was confirmed by radiographs in five 
studies and was self-reported in two studies, both from 
Scandinavia. In the twin study from Sweden, the diagnosis 
was partially based on self-reported data and partially 
based on data from the National Patient Register.

Our results show that pairwise concordance rates for 
monozygotic twins (spanning from 0.11 to 1.0) were 
approximately twice the pairwise concordance rates for 
dizygotic twins (spanning from 0 to 1.0) in most studies. 
Broad sense heritability spanned between 0.13 and 1.0, 
whereas the only available narrow sense heritability 
estimate in a twin study was 0.38.

Family studies

The scoliosis diagnosis was confirmed for the probands 
using radiographs in both studies. Narrow sense heritability 
estimates were 0.49 and 0.88, respectively.

Meta-analysis

A meta-analysis of three studies resulted in a narrow sense 
heritability estimate of 0.57 (95% CI: 0.29-0.86) (Fig. 4).

Discussion

Twin and family studies indicate a hereditary component 
in idiopathic scoliosis, but study heterogeneity is large, 
and the degree of the heritability is uncertain.

Few studies received the ‘good’ overall score in the risk 
of bias assessment. Two twin studies were population-
based and included a large population from the Swedish 
twin registry and the Danish twin registry (5, 6). Despite 
this, a major drawback was that scoliosis was self-reported 
instead of radiographically confirmed hence receiving 

Figure 3
PRISMA flowchart.
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the ‘fair’ overall score. Both studies yielded relatively 
low heritability estimates and concordance rates. For the 
remaining five twin studies, the diagnosis was confirmed 
with radiographs, but the included population was 
smaller (5–21 twin pairs for each study). Studies that 
received the ‘fair’ overall score lacked detailed reporting 
on the recruiting process and a complete lack of reporting 
on one twin pair (31, 32).

The five twin studies included were performed in 
Scandinavia, United Kingdom, United States and Japan 
while both family studies were performed in China (Hong 
Kong and Mainland) (5, 6, 7, 22, 29, 30, 31, 32, 33). The 
ethnicity of the population included was however not fully 
reported on. Therefore, we could not draw any conclusion 
on the differences in heritability in different ethnic groups. 
Since females are predominantly represented in idiopathic 
scoliosis, few males were included in the reports and 
we were thus unable to draw any conclusions about 
heritability, taking the patient’s sex into consideration.

Heritability differences between studies

There is considerable heterogeneity between the studies 
regarding study design, diagnosis method, zygosity 
method, study population and heritability estimation 
methods, predictably resulting in large differences in the 
estimated heritability (21, 27). It is important, however, 
to point out that heritability is a concept specific to 
the population and trait in the specific environment 
it is estimated in. Heritability is the proportion of 
phenotypic variance caused by genetic factors and is 
not the proportion of a phenotype that is due to genetic 
factors (21, 27). Heritability estimates are therefore not 
constant and depend on, for example, allele frequencies, 
environmental factors, age at sampling and if new variants 
are introduced. The effect of genetics may also be modified 
by treatment. Therefore, heritability estimates only predict 
the heritability in the studied population. Despite this, 
it is also important to point out that heritability is fairly 

constant across populations and is therefore a particularly 
useful concept in understanding genetic influence on 
traits (21, 27).

In this systematic review, heritability estimates varied 
largely, as expected. In all seven twin studies, both the 
pairwise and probandwise concordance rates were 
about two times higher in monozygotic twins than in 
dizygotic twins. The self-reported twin studies yielded 
lower heritability estimates than studies with radiograph-
confirmed scoliosis. This was expected, as the self-reported 
studies were population-based and included a much 
larger sample size. Furthermore, mild scoliosis can have 
little or no symptoms and be difficult to detect. It is likely 
that some twin pairs with self-reported ‘no’ to scoliosis 
can have a Cobb angle of more than 10° if radiographed. 
On the contrary, it is also likely that some individuals 
might have self-reported ‘yes’ to scoliosis despite not 
having confirmed scoliosis or other spinal deformities (33). 
Ideally, a population-based approach using a twin registry 
together with radiographically confirmed diagnosis will 
yield the most accurate concordance rate and heritability 
estimates (33). For the five studies where the diagnosis 
was confirmed by radiograph, we could not calculate the 
heritability estimate for one study as only one dizygotic 
twin pair was available (31). Broad sense heritability was 
significantly higher for the remaining studies. This might 
be because the included participants were not recruited 
through a population-based approach, with the risk of 
selection bias and overestimation of heritability.

Although the hereditary component in idiopathic 
scoliosis has been well established, few studies have 
studied heritability (12). As with other complex traits of 
polygenic nature, inheriting one risk allele for idiopathic 
scoliosis would not necessarily result in the scoliosis 
phenotype (10). The risk allele is most likely one of many 
contributing risk factors together with other genetic and 
environmental factors that in combination cause the 
disease. However, quantifying heritability gives a notion 
of how much of a trait is explained by genetics and could 
thereafter inform genetic risk estimation (21). Ultimately, 
it could help to lead to a better understanding of the 
pathogenesis of idiopathic scoliosis.

Candidate gene studies and genome-wide associations 
have identified several susceptibility loci in idiopathic 
scoliosis. The most replicated candidate genes include 
among others LBX1, GPR126/ADGRG6, PAX1 and BNC2 (14, 
15, 16, 17, 18, 19). Several other loci have been identified, 
but most could not be replicated in other populations. 
The mechanisms through which the candidate loci may 
be driving idiopathic scoliosis susceptibility are yet to be 
understood. Furthermore, these variants only account for 
a very small percentage of all the risk variants, and most of 
the risk factors contributing to idiopathic scoliosis are yet 
to be identified (12).

Figure 4
Forest plot for narrow sense heritability data (95% CI). The I2 
statistic was 90%, indicating a high degree of heterogeneity for 
the three studies.
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The study’s strengths include the robust study design 
following PRISMA guidelines and with prespecified 
protocol registered in PROSPERO. A literature search was 
performed in three major databases by senior librarians 
with previous experience with systematic reviews. Our 
research group also has previous experience in scoliosis 
and heritability research possibly improving the ability to 
select eligible studies. We also did not limit the inclusion 
criteria to only studies reporting heritability estimates but 
also included reports where heritability estimates could be 
calculated.

This study is not without its limitations. As discussed 
above, two twin studies included self-reported diagnosis 
for idiopathic scoliosis with potential for sampling bias. 
For the other twin studies, sample sizes were fairly small 
with the potential risk of selection bias. Furthermore, only 
English reports were included with the potential risk of 
missing data. However, we consider this risk low. Non-
English reports were few, had small sample sizes and were 
mostly published more than half a century ago. Kesling 
et al. performed a meta-analysis in MZ and DZ twins in 
idiopathic scoliosis including non-English reports. The 
majority of the reports included contained less than 8 
pairs of twins apart from one German study by Berquet 
et al. that included 29 twin pairs and further 16 twin pairs 
were ‘cited in German literature’ (34). The meta-analysis 
reported a MZ concordance of 0.73 and DZ concordance 
of 0.36 (31).

We included only classical study designs for 
heritability estimates, twin and family studies. These 
classical designs have the limitation of assuming shared 
environmental influences among twins and family 
members and additive genetic variances which may not 
be true, hence overestimating the heritability (21, 27). 
Novel study designs using genome-wide association 
studies for heritability estimate can be helpful in 
understanding the missing heritability in the future. 
However, current limitations to this method include 
sample size requirements and small effect sizes for each 
variant (21, 27).

In conclusion, this systematic review confirms that twin 
and family studies indicate a hereditary component in 
idiopathic scoliosis, but study heterogeneity is large, and 
the degree of the hereditary component is variable.
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