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SUMMARY
AIS is a very common condition amongst adoles-

cents in Bulgaria, and it has no effective prophylaxis, be-
cause of its unknown etiology. Few factors possibly play
a role in the etiopathogenesis, one of which is the life-
style, and more specifically the levels of some nutrients,
and the anthropometrics. These aspects can be described
as parts of the nutritional status of the patients with AIS.
Numerous studies find a high incidence of vit. D defi-
ciency amongst AIS patients(75-97%). Significantly
higher compared to control groups. Few studies also find
a negative correlation between the progression of the dis-
ease and bone density, and calcium levels respectively.
Majority of the studies show that, when compared with a
control population, scoliotic patients had a significantly
lower mean body weight, lower BMI, lower fat and lean
mass. The low lean body mass is suggested by some stud-
ies as the main contributor. One recent cohort study shows
that the low anthropometrical indicators appear first, sug-
gesting their possible role in the etiopathogenesis.
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BACKGROUND
Adolescent idiopathic scoliosis (AIS) is one of the

most common conditions amongst adolescents in Bul-
garia, alongside obesity, myopia and asthma, and affects
4-5% of all adolescents. Milder cases, with Cobb’s angle
below 10 degrees are even more common, and some stud-
ies show that they might be less benign than previously
thought. [1] Teenagers with small curves may not present
to secondary care but are nonetheless reporting increased
pain, more days off school, and avoidance of activities.
The condition is more prevalent in females, especially the
severe cases. Etiology is multifactorial, and the exact

cause remains unknown. Six groups of factors are pro-
posed to have a role – genetics, hormonal, abnormalities
in the nervous system, abnormal skeletal  growth,
biomechanical and lifestyle factors. Lifestyle factors in-
clude nutrition, diet, calcium and vitamin D intake, and
physical activity. The effect of those lifestyle factors can
be evaluated using aspects of the nutritional status of
these children.

This literature review will discuss some aspects of
the nutritional status of children with AIS, affected by life-
style factors with a possible role in the condition, like bio-
chemical levels of some nutrients and anthropometrical
indicators.

REVIEW RESULTS
Biochemical levels of some nutrients
Numerous studies show low levels of vit.  D

amongst patients with AIS. Balioglu et al. [2] performed
the retrospective study in Istanbul, Turkey and compared
229 AIS patients with 389 age-matched controls and
found out that the patients with AIS had significantly
lower vit D levels. Vit. D levels correlated positively with
Ca levels and negatively with Cobb’s angle, indicative
of a possible role of vit.D in the etiopathogenesis of AIS.
The study suggested that patients with AIS should be
monitored for vit.D deficiency/insufficiency.

Batista et al.[3] found that 91% of tested AIS pa-
tients showed low vit.D levels, compared to 63% of the
control group, while also the average levels were lower
in the AIS group - 18.8 ng/mL, compared to 27 ng/mL in
control group.

Mayes et al. [4] and Ricardo et al. [5] also found
that AIS patients are deficient in vit.D. Mayes et al. stud-
ied 217 scoliotic patients (mostly AIS) with a mean age
of 13.6 ± 3.6 years in Cincinnati, USA. They had vitamin
D levels drawn a mean of 38.7 ± 20.6. Nearly 75% of the
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study population (n = 162) demonstrated D25 values be-
low normal. In the study of Ricardo et al. almost all of
the AIS patients (97%) had lower 25-OHD levels than ex-
pected. However, no relationship was observed between
vitamin D levels and the Cobb angle. The study was per-
formed in Sao Paolo, Brazil.

Studies show that low calcium intake aggravates
the consequences of vitamin D deficiency [6]. Sun et al.
[7] identified osteopenia as a risk factor for curve progres-
sion in patients with AIS.They studied sixty-eight AIS pa-
tients. There were 17 girls (25%) in group A and 51 girls
(75%) in group B, respectively. The girls in group A had
a significantly larger initial Cobb angle (32.3±6.6 vs
29.1±5.3 degrees) and significantly lower bone mass den-
sity of lumbar spine from L2 to L4 value (0.80±0.11 vs
0.88±0.12 g/cm).

Other researchers have linked inadequate calcium
intake with osteopenia in AIS patients in an Asian popu-
lation. Lee et al. [8, 9] found that the bone mass of AIS
patients was on average 6.5% lower than controls across
the ages.Multivariate analysis showed that AIS in girls was
associated with lower bone mass and that both calcium
intake and physical activity were independent predictors
of bone mass in AIS.

Chlebna-Sokol et al. [10] found in a study of 74
children in Poland with skeletal abnormalities including
scoliosis, all subjects had significantly low vit.D intake,
and the majority also had a calcium deficiency. In the
same group, 14/74 subjects had either osteopenia or os-
teoporosis.

From this information, we can deduce that vit. D
and calcium deficiency are extremely common amongst
patients with AIS and calcium can further aggravate the
consequences by leading to osteopenia, which is likely
one of the factors contributing to the progression of AIS.
Most of the studies state that considering the small number
of studies suggesting a correlation between 25-OHD and
AIS, further studies are needed to support this hypothesis
and to find the reasons behind this variation.

Anthropometrical indicators
When describing different anthropometrical indica-

tors and body composition parameters of adolescents with
AIS, the majority of the studies show that, when compared
with a control population, scoliotic patients had a signifi-
cantly lower mean body weight, lower Body Mass
Index(BMI), lower fat and lean mass [13, 14, 15, 16, 18].

Grivas et al. [11] studied 5953 adolescents and
found out that relatively lower BMIs are statistically as-
sociated with a greater number of severe truncal
asymmetries(TAs) in the thoracolumbar and lumbar re-

gions, than with relatively higher BMIs in both girls and
boys. The relative frequency of severe TAs is significantly
higher in girls than boys.

Zheng et al. [12]included 1,202 patients with AIS
and an age- and gender-matched cohort. The underweight
cases had the highest prevalence of AIS and significantly
higher Cobb angle compared with the other three BMI
subgroups. The patients with AIS had lower body weight,
body fat mass, the percentage of body fat, and fat-free mass
compared with healthy controls.

Durmala et al. [13] studied 303 children, aged 14
and found that almost one-third of children with IS are
underweight, while obesity is rather a sporadic feature.

Serbescu et al. [14] studied 252 children in Roma-
nia, observing a high incidence of scoliosis amongst them
(16,6%). Girls presenting scoliosis had a specific somatic
morphologic type when compared to a normal population
- lower BMI, body fat and body mass.

Barrios et al. [15] found out that girls with AIS
showed a progressive decrease of the BMI as the age in-
creased. The study included 52 AIS girls (mean age: 13.9
years) with an average scoliotic curve of 27° Cobb (range:
20-58). The control group consisted of 92 girls without
spine deformity, matched in age (mean: 13.8 years). Com-
pared with the control population, scoliotic girls had a
significantly lower mean weight (51.4 ± 10.2 kg vs. 54.7
± 8.1 kg; P < 0,05), and lower BMI (20.1 ± 3.4 vs. 21.4 ±
2.4; P < 0.001).

Ramirez et al. [16] also concluded that there is a
real alteration of body composition in AIS. The BMI,
FFMI and FMI are lower than in the general population
in the series under study.

However, Matusik et al. [15] observed, in very se-
vere cases of AIS, lower lean but higher fat mass. They
acknowledge however that the excessive gain of adipose
tissue might have occurred during the progression of the
spinal deformity.

Clark et al. [18] performed the first population-
based prospective study on the subject of 5299 children
without scoliosis at the age of 10 and at the age of 15
years 312 (5.9%) had it developed. The study observed a
negative association between BMI/body weight at age 10
years and incidence of scoliosis at age 15 years, with a
20% reduced risk of scoliosis per SD increase in BMI (Ta-
ble 1). This association with BMI/body weight reflects as-
sociations with both fat mass and lean mass. This study
confirms previous studies and also shows that it is not sco-
liosis that induces low body weight, for example through
concerns about body image, but that the altered
anthropometrical indicators appear first, and maybe body
composition has a role in the etiopathogenesis of AIS.
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Table 1. Prospective analyses of the association between measures of length, weight, and body composition at
age 10 years with the presence of scoliosis over 6 degrees at age 15 years, by Clark et al. [18]

Measures at age of 10 Without With scoliosis at
scoliosis at age age 15 years mean p for difference
15 years mean SD (n = 266)

SD (n = 4371)

Length (cm)

Standing height 139.6 140.1 p=0.295

Sitting height 73.1±4.2 73.3±3.4 p=0.590

Calculated leg length 66.3±4.7 66.8±4.0 p=0.106

Humeral length 25±1.5 25.1±1.6 p=0.336

Weight

BMI (kg/m2) 17.6±2.8 17.2±2.9 p=0.006

Body weight (kg) 34.6±7.3 33.8±7.2 p=0.093

Total body fat mass (kg) 8.4±5.0 8.3±4.9 p=0.622

Total body lean mass (kg) 24.5±3.2 23.9±3.3 p=0.002
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