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Abstract

Purpose: Adolescent idiopathic scoliosis is a condition characterized by a
three-dimensional curvature of the spine. However, in addition to the spinal
curvature, it has also been reported that patients with idiopathic scoliosis can
display other abnormal physiologic parameters, such as hormone imbalances,
genetic variants, and micronutrient deficiencies. The present study evaluated
the salivary progesterone levels, as well as the results of brain-derived neuro-
trophic factor (BDNF) genomic testing, from a historical cohort of patients
seeking treatment at a single integrative medicine clinic. Method: A group of
female patients with a history of adolescent idiopathic scoliosis was compared
to a group of non-scoliosis female patients. Results: Salivary progesterone le-
vels were 41% higher in non-scoliosis patients compared to the scoliosis group
(P < 0.05), and while 71% of the scoliosis group was positive for the BDNF
functional genomic group compared to 19% of the non-scoliosis group (P <
0.05). These results were unchanged regardless of menstrual status. Conclu-
sion: These results suggest a potential relationship between salivary proge-
sterone, BDNF, and adolescent idiopathic scoliosis among female patients.
Prospective studies are needed for data extrapolation. The current data war-
rants further investigation.
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1. Introduction

Adolescent idiopathic scoliosis is a condition characterized by a spinal curvature
measuring 10° or more on radiographic study by Cobb’s angle [1]. It is estimated
that 0.47% - 5.2% of the US population ages 0 - 17 have this condition, increas-
ing to 8% of the adult population [2]. Conservative treatments for adolescent
idiopathic scoliosis are based upon initial presenting curve magnitude. Accord-
ing to the 2016 SOSORT treatment guidelines [3], curves between 10 - 15 are
treated with exercises, while curves between 15 and 50 degrees should be treated
with exercises and/or bracing, depending upon the patient’s growth stage. Curves
exceeding 50° are typically referred for surgical interventions such as vertebral
body tethering or spinal fusion surgery [4].

While these treatment recommendations focus solely on the spinal curvature
itself, they do not address some of the non-spinal comorbidities commonly as-
sociated with the spinal curvature. These may include vitamin D deficiency
[5], neurotransmitter deficiencies and/or signaling abnormalities [6], low bone
mineral density [7], and various hormone imbalances [8] [9] [10] [11]. These
discoveries over time have lead to more robust hypothetical modeling of scoli-
osis etiopathogenesis [12].

Investigations into the genetic origins of scoliosis have also lead to the identi-
fication of several genes associated with scoliosis, such as CELSR2 [13], SLC39A8
[14], MAPKY7 [15], and LBXI1 [16]. More recently, groups of functional genomic
variants have been observed more commonly in idiopathic scoliosis patients [17].
It has become a generally accepted theory that idiopathic scoliosis has a genetic
[18] component and/or epigenetic [19] [20] component related to both its onset
and risk of progression.

Given these previous observations in idiopathic scoliosis, the present study
investigated the occurrence of specific hormone and genomic differences in sco-
liosis patients. Progesterone is widely known for its impact on reproductive health.
However, progesterone maintains an important influence in the motor memory
centers of the brain, such as the hippocampus and the thalamus via synaptic
plasticity [21]. Progesterone also has an important regulatory relationship in
these brain centers with brain-derived neurotrophic factor (BDNF), which is al-
so responsible for the maintenance of the central nervous system’s body schema,
via the vast network of thalamocortical networks and cerebellum [22] [23]. The
current study reports on the test results of patients with and without idiopathic
scoliosis and the differences observed in their salivary progesterone levels and
BDNF variants. Any potential connections between progesterone, BDNF SNPs,
and idiopathic scoliosis have not been previously described in the literature.

2. Methods and Materials

The data in this study were collected and reported according to the STROBE

format (http://www.strobe-statement.org) for cross-sectional studies. A consec-

utive sampling of all patient records from a single multidisciplinary medical

clinic in Grand Blanc, Michigan, USA, was conducted on patients who sought
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treatment there for any reason, from January 2018 through November 2020. Pa-
tient charts were included in the present study if they met the following inclu-
sion criteria: 1) patient had a history of idiopathic scoliosis, 2) patient was fe-
male, 3) patient completed a salivary hormone test, and 4) the patient completed
a genomic analysis through a commercial lab (Functional Genomic Analysis™).
Using these inclusion criteria, a total of 51 patient files were selected. All patient
records meeting the inclusion criteria were included in the sample group. To ve-
rify that these patients had a history of adolescent idiopathic scoliosis, the chart
needed to show documentation of a scoliosis radiograph taken at the presenting
clinic, or that the patient had a scoliosis radiograph performed elsewhere, with a
radiology report documenting the existence of idiopathic scoliosis.

Once the first group of patient files were collected and grouped, a second data
collection was performed from the files not initially selected as part of the study
group. For this group, there were 3 inclusion criteria: 1) the patient completed
the same salivary hormone test as the first group, 2) patient was female, and 3)
the patient completed the same genomic analysis through the same commercial
lab (Functional Genomic Analysis™). Based upon these inclusion criteria, 113
patient files were identified. This collection of files served as the non-scoliosis
group. Figure 1 shows a flow chart of the file selection process. Data were only
collected from female patients since female reference progesterone levels are dif-
ferent than males. Therefore, males were excluded to improve data homogeneity.
It is important to note that both groups were patients at the same clinic, being
managed for various symptoms and conditions, not necessarily just scoliosis. For
example, a salivary progesterone level may be ordered for headaches or men-
strual symptoms regardless of a patient’s history of scoliosis. None of the pa-
tients in either group were pregnant or breastfeeding at the time of salivary col-
lection, due to their potential impacts on hormone ratios. Since oral contracep-
tion also affects salivary hormone results, none of the patients whose results
were used for this study were on oral contraceptive medication at the time of
collection.

The following non-identifying data was extracted from all the files in both
groups: age, baseline salivary progesterone level (used when patients had com-
pleted more than one salivary hormone test), and if the patient was positive or
negative for a group of brain-derived neurotrophic factor (BDNF) genomic va-
riants. The determination of a “positive” or “negative” BDNF genomic variant is
made based upon the number of specific genes that have a least 1 mutated allele.
The genomic analysis that was performed evaluates a total of 19 single nucleo-
tide polymorphisms (SNPs). Table 1 shows a complete listing of the SNPs tested
for all patients in both groups, including their reference SNP cluster ID (rs
number). If 10 or more of the 19 BDNF SNPs showed a variant, then that patient
was considered positive (>50%). In some patient results, some SNPs were not
present. In those instances, a greater than 50% positive BDNF SNP count still

resulted in that patient being classified as positive for study purposes. An advi-
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sory review was conducted by Advarra Institutional Review Board (IRB) where

they determined that the study design was exempt from IRB approval.

Patient Chart Selection Process

Patient Files Reviewed: n=482

Selection Period: January 2018-December 2020

Study Group Inclusion Criteria:

1) Female biological gender

2) History of AIS

3) Salivary hormone test on file
4) Genomic test on file

Total files included: n=51

2

Not included in Study Group: n=431

.

Comparison Group Enroliment

Inclusion Criteria:

1) Female biological gender
2) Salivary hormone test on file
3) Genomic test on file

Total files included: n=113

s

Exclusion Criteria:

1) Male biological gender
2) No salivary hormone test
3) No genomic test

Total Files Excluded: n=318

Figure 1. Attached as separate pdf document.

Table 1. BDNF genes assessed (SNP Cluster IDs).

rs6265 rs11030119 rs11785351

rs3750934 rs1491850 rs143442829

15191472263 rs142303821 rs10835210
rs2030324 rs1967554 1s962369
156820186 rs41282916 rs79187269
rs6484320 rs988748 rs78531552

rs10767664
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The salivary progesterone levels were ordered through Labrix

(http://www.doctorsdata.com). Salivary progesterone was chosen for a variety of

reasons. Salivary progesterone collection is noninvasive, and hence easier to ob-
tain from adolescent patients. It also appears to maintain a consistent correlation
with serum progesterone values [24]. In a large percentage of healthy subjects,
salivary progesterone levels will reach ovulatory levels, even in premenarchial
females [25]. This may make salivary progesterone a more sensitive marker in
premenarchial females for comparative purposes. Salivary BDNF seems to follow
the natural estradiol rhythm throughout a normal menstrual cycle, and does not
seem to correlate to the progesterone peak during the luteal phase [26].

Salivary progesterone levels were compared among the following groups: the
scoliosis group and non-scoliosis group. These groups were subdivided according
to menstrual status: scoliosis non-menarchial group (pre or post combined), sco-
liosis menarchial group, non-scoliosis, non-menarchial group, and non-scoliosis
menarchial group. The rate of BDNF positivity was compared between the sco-
liosis group and non-scoliosis groups. The onset of menarche, as well as meno-
pause, are associated with significant changes in hormone production. There-
fore, stratification was conducted based upon menstrual status. Paired t-tests
were used to compare the average progesterone levels among the stratified sub-
groups. This was performed to minimize confounding factors, such as cycling

status.

3. Results

The average age of the scoliosis patient group was 26 years (range 11 - 62),
compared to 44 years (range 16 - 67) for the non-scoliosis group. For the scoli-
osis group, the average salivary progesterone level was 73.57 pg/mL + 61.42, and
36 out of 51 patients (71%) had 10 or more BDNF gene variants. They had an
average of 12 of 19 variant genotypes *+ 7. The salivary progesterone for the
non-scoliosis group was 103.47 pg/mL + 52.54, and 19% (22 out of 113) had 10
or more BDNF gene variants. These values are shown in Figure 2. The non-sco-
liosis patient group had an average of 7 of the 19 BDNF variant genotypes * 6. A
summary of these data are shown in Tables 2-4.

In the scoliosis patient group, 39 of the 51 patients were cycling, 12 were not.
Among the 39 cycling scoliosis patients, their average progesterone was 76.13
pg/mL + 36.34. In the non-cycling scoliosis patients, their average progesterone
was 66.33 pg/mL + 47.24.

The non-scoliosis patient group had 50 women who were cycling while 63
were not. The non-scoliosis cycling patients had an average progesterone 105.14
pg/mL £ 53.99. The 63 non-scoliosis, non-cycling patients had average proge-
sterone levels of 100.58 pg/mL + 64.68. The progesterone levels among each
group are illustrated in Figure 3.

Paired t-tests were then used to determine if any of the observed differences
were statistically significant. Table 5 shows a summary of the t-test comparisons

and the resultant P values. Intragroup comparisons in both the scoliosis and
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non-scoliosis patient groups showed that differences in menstrual cycling status
and BDNF variants were not statistically significant. These were performed to
identify these as confounding variables had the calculations shown a statistically
significant difference.

o _

Groups

Scoliosis

0 20 40 60 80 100 120
mBDNF (%)  m Progesterone (pg/mL)*

Figure 2. Progesterone levels and the percent of patients with >50% BDNF gene
variants, *P < 0.05.

B Non-Scoli Non Cyc M Non-Scoli Cyc  m Scoli Non-Cyc  m Scoli Cycling

Progesterone

(pg/mL)

o
N
o

40 60 80 100 120

Figure 3. Progesterone levels based on history of scoliosis and cycling status.

Table 2. Progesterone and BDNF variants for entire cohort.

Group # Patients ~ Progesterone # Cycling Avg # BDNF variants
Scoliosis 51 73.57 pg/mL 39 12
Non-Scoliosis 113 103.47 pg/mL 50 7

Table 3. Progesterone and BDNF variants for menstruating patients.

Cycling Patients # Patients Progesterone Avg # BDNF variants
Scoliosis 39 76.13 pg/mL 13
Non-Scoliosis 50 105.14 pg/mL 5
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Table 4. Progesterone and BDNF variants for pre-menarche and post-menopausal patients.

Non-Cycling Patients # Patients Progesterone Avg # BDNF variants
Scoliosis 12 66.33 pg/mL 10
Non-Scoliosis 63 100.58 pg/mL 8

Table 5. P values among intra-group comparisons.

IntraGroup Comparison* Scoliosis Group Non-Scoliosis Group
BDNF Yes vs. BDNF No 0.762 0.798
Cycling Yes vs. Cycling No 0.518 0.686

*Paired t-tests, 95% CI, normal distribution.

A post-hoc power analysis was conducted for the progesterone levels using an

online calculator (http://www.clincalc.com). For progesterone, the current sam-

ple size for both groups resulted in 86.2% power to show a 29 pg/mL difference
at a 0.05 confidence interval. Post-hoc power analysis for the BDNF variants,
with a dichotomous endpoint, showed that with the given sample patient popu-
lations, the difference in the number of BDNF genotypes between the scoliosis

and non-scoliosis groups resulted in 99.3% power at 0.05 confidence interval.

4. Discussion

The evaluation of 2 groups of consecutively selected patient charts showed sta-
tistically significant differences in the salivary progesterone levels among female
patients with a past medical history of adolescent idiopathic scoliosis, when
compared to a group of patients without a known history of adolescent idi-
opathic scoliosis. The scoliosis patient group was also more likely to display a
higher number of genomic variants involving brain-derived neurotrophic factor
(BDNF). These values were independent of menstrual cycling status. The present
study is the first to identify an inverse relationship between salivary progeste-
rone levels and the number of BDNF variants in scoliosis patients versus non-
scoliosis patients. Further studies should consider the role of BDNF in idiopathic
scoliosis.

It has been known for several decades that scoliosis can continue to progress
throughout adulthood after skeletal maturity [27]. Marty-Poumarat et al [28]
showed that adult scoliosis progression is linear and is estimated to occur in 68%
of curves measuring >30° at the time of skeletal maturity, regardless of curve
pattern [4] [29]. Although it is unknown how progesterone might impact scoli-
osis onset or progression, progesterone maintains an important influence in the
motor memory centers of the brain, such as the hippocampus and the thalamus
via synaptic plasticity [21]. Central pattern generator differences have been ob-
served in scoliosis patients [12]. Progesterone’s involvement in central pattern

generation would be via the central nervous system upregulation of brain-derived
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neurotrophic factor (BDNF) receptors [22] [23]. It is possible that the observed
differences may play some role in the continued progression of idiopathic scoli-
osis across the lifespan.

There are some limitations involved in this study, based on the study design,
that warrant discussion. As with any retrospective design, selection bias is a po-
tential factor. However, as described in the paper, all patient charts within a his-
torical time frame were selected, and both groups of charts comprised all of the
charts, as long as the inclusion criteria were fulfilled. However, male patients
were excluded from the study. Therefore, the results of the study may not be ap-
plicable to male patients with a history of idiopathic scoliosis. Information bias
was also addressed in the study in multiple ways. First, by evaluating the impact
of confounding factors upon the progesterone levels and BDNF genomic va-
riants. Menstrual cycling status was statistically insignificant between the patient
groups, it was unlikely to have an impact on progesterone levels. Table 5 shows
the intra-group P values for the groups, based upon their cycling status. Their
menstrual cycling status could be used as an independent variable in efforts to
reduce selection bias. Second, we assessed the statistical difference of 1 out of 19
BDNF SNPs using the online calculator to assess a dichotomous endpoint, given
that this was the minimum difference between classifying a patient as BDNF
positive or negative. Since the outcome measures were obtained from indepen-
dent laboratory testing not performed by the author, and not collected from
self-rated surveys or questionnaires, self-selection bias and outcome-based in-
formation bias could also be minimized.

One additional limitation is that a certain unknown portion of the non-scoliosis
patient group may, in fact, have a previously undiagnosed idiopathic scoliosis.
Using the 5% - 8% estimate of teen and adult prevalence of idiopathic scoliosis
[2], it is possible that 5 - 9 patients in the non-scoliosis group would be correctly
added to the scoliosis group. However, if their progesterone levels were consis-
tent with the scoliosis group, meaning they would be closer to the scoliosis group
average versus the non-scoliosis group average, it may have further decreased
the resultant P value, thus increasing its statistical significance had they been

placed into the corrected group (the scoliosis patient group).

5. Conclusion

The results of the present study suggest that progesterone is significantly lower
in female patients with a history of adolescent idiopathic scoliosis (AIS) when
compared to female patients with a negative history of AIS. Scoliosis patients
were also more likely to have a higher number of genomic variants involving
brain-derived neurotrophic factor (BDNF). Menstrual cycle status did not im-
pact the differences between groups. The study design prevents any extrapola-
tion on causality, nor are these results necessarily applicable to male scoliosis pa-
tients. Future investigations are warranted in male patients, as well as comparing

salivary and serum progesterone levels in similar groups.
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