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Influence of lumbar kyphosis and back muscle strength
on the symptoms of gastroesophageal reflux disease
in middle-aged and elderly people
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Abstract

Objective The objectives of this study was to clarify the

relationship between kyphosis and Gastroesophageal reflux

disease (GERD) by evaluation of spinal alignment, obesity,

osteoporosis, back muscle strength, intake of oral drugs,

and smoking and alcohol history in screening of a com-

munity population to determine the factors related to

GERD symptoms.

Summary of background data GERD increases with age

and is estimated to occur in about 30% of people. Risk

factors for GERD include aging, male gender, obesity, oral

medicines, smoking, and alcohol intake. It has also been

suggested that kyphosis may influence the frequency of

GERD, but the relationship between kyphosis and GERD is

unclear.

Subjects and methods We examined 245 subjects (100

males and 145 females; average age 66.7 years old) in a

health checkup that included evaluation of sagittal balance

and spinal mobility with SpinalMouse�, GERD symptoms

using the Frequency Scale for Symptoms of GERD (FSSG)

questionnaire, body mass index, osteoporosis, back muscle

strength, number of oral drugs taken per day, intake of

nonsteroidal anti-inflammatory drugs (NSAIDs), intake of

bisphosphonates, and smoking and alcohol intake.

Results Multivariate logistic regression analysis includ-

ing all the variables showed that lumbar lordosis angle,

sagittal balance, number of oral drugs taken per day, and

back muscle strength had significant effects on the pres-

ence of GERD (OR, 1.10, 1.11, 1.09 and 1.03; 95%CI,

1.03–1.17, 1.02–1.20, 1.01–1.18 and 1.01–1.04; p = 0.003,

0.015, 0.031 and 0.038, respectively). The other factors

showed no association with GERD.

Conclusion This study is the first to show that lumbar

kyphosis, poor sagittal balance; increased number of oral

drugs taken per day, and decreased back muscle strength are

important risk factors for the development of GERD symp-

toms. Thus, orthopedic surgeons and physicians should pay

attention to GERD in elderly patients with spinal deformity.

Keywords Gastroesophageal reflux disease �
Lumbar kyphosis � Sagittal balance � Number of drugs �
Back muscle strength

Introduction

Gastroesophageal reflux disease (GERD) is a clinical entity

that encompasses all the manifestations of exposure of the

esophagus to gastric acid, and is characterized by typical

and specific symptoms of heartburn and acid regurgitation.

GERD increases with age and is estimated to occur in

about 30% of people [1–4]. Recently, a large survey

showed an increased prevalence of GERD of 37.6% in the

Japanese population [5]. GERD has a significant negative

impact on quality of life (QOL) [6], and this is important

since independence and improvement of QOL of the

elderly is needed with the recent aging of society.
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Risk factors for GERD include aging, male gender,

obesity, oral medicines, smoking, and alcohol intake

[7–12]. It has also been suggested that kyphosis may

influence the frequency of GERD [13–15], but the rela-

tionship between kyphosis and GERD is unclear. GERD is

of concern in elderly patients because many of these

patients have kyphosis and take oral medication. Thus,

GERD in elderly patients with spinal deformity may be a

particular concern in spine surgery. Therefore, the objec-

tive of this study was to clarify these issues by evaluation

of spinal alignment, obesity, osteoporosis, back muscle

strength, intake of oral drugs, and smoking and alcohol

history in screening of a community population to deter-

mine the factors related to GERD symptoms.

Subjects and methods

The subjects were healthy volunteers who attended a basic

health checkup supported by a local government in 2009.

The current study was performed in 245 subjects (100 males

and 145 females) who received examinations with lumbar

lateral standing radiographs, SpinalMouse� (Idiag, Volker-

swill, Switzerland) for sagittal balance and spinal mobility,

and the Frequency Scale for Symptoms of GERD (FSSG)

questionnaire for the prevalence of GERD symptoms [16].

The average age of the subjects was 66.7 years old (range:

45–91 years old). Patients under the treatment for esopha-

geal, gastric and duodenal intestinal disease or with a sur-

gical history involving these diseases were excluded from

the study. Patients with fresh vertebral compression fracture

and those with a history of spine surgery were also excluded.

SpinalMouse� data, GERD symptoms, body mass index

(BMI), osteoporosis, back muscle strength, number of oral

drugs taken per day, intake of nonsteroidal anti-inflamma-

tory drugs (NSAIDs), intake of bisphosphonates, and

smoking and alcohol intake were examined as described

below. Correlations of the lumbar lordosis angle and sacral

inclination angle with lumbar radiograph findings were

examined to confirm the reproducibility of SpinalMouse�

measurements. Diagnosis of osteoporosis was based on the

criteria proposed by the Japanese Society for Bone and

Mineral Research [17], and was defined as a percentage of

the young adult mean (%YAM)\70% in the calcaneus. The

study was approved by the Committee on Ethics in Human

Research of Nagoya University.

Evaluation using SpinalMouse�

Spinal range of motion (ROM) and spinal angle were

measured using SpinalMouse�, which is an electronic

computer-aided device that measures sagittal spinal ROM

and intersegmental angles noninvasively using the

so-called surface technique. Intraclass coefficients of

0.92–0.95 have been determined for curvature measure-

ment with SpinalMouse� [18]. In the current study, each

angle was measured three times in a neutral standing

position, maximum bending position, and maximum

extension position, and average data were used. The eval-

uation items included the thoracic kyphosis angle (T1–

T12), lumbar lordosis angle (T12–L5), sacral inclination

angle, thoracic spinal ROM, lumbar spinal ROM, and total

spinal ROM (Fig. 1a). The thoracic kyphosis and lumbar

lordosis angles are expressed as positive values in this

study. Evaluation of SpinalMouse� data revealed signifi-

cant correlations with lumbar radiographic data for the

lumbar lordosis angle (r = 0.791, p \ 0.0001, Spinal-

Mouse� 20.3 ± 13.9� [mean ± standard deviation (SD)],

radiograph 24.1 ± 12.7�) and sacral inclination angle

(r = 0.645, p \ 0.0001, SpinalMouse� 9.1 ± 9.4�, radio-

graph 15.3 ± 7.9�). There was a tendency for the Spinal-

Mouse� angles to be smaller, but these significant

correlations confirm the reliability of the SpinalMouse�

measurements of these angles. Therefore, the Spinal-

Mouse� data were used in further analysis. The value

obtained by dividing the thoracic kyphosis angle (neutral

position) by the lumbar lordosis angle (neutral position), a

marker of posture with the head bent forward, was defined

as the thoracic/lumbar angle ratio (T/L ratio) and used as

an index of sagittal balance [19–22]. Elderly persons with a

large T/L ratio are likely to lean forward because thoracic

Fig. 1 Representative SpinalMouse findings (neutral standing posi-

tion). a The thoracic kyphosis angle (T1–T12), lumbar lordosis angle

(T12–L5), and sacral inclination angle were measured by Spinal-

Mouse. Spinal ROM was also calculated in the maximum bending

position and maximum extension position. b GERD(?) subjects

tended to have decreased lumbar lordosis followed by poor sagittal

balance (that is, a larger T/L ratio) in a neutral standing position. *TS
thoracic kyphosis angle, LS lumbar lordosis angle, S sacrum incli-

nation angle, T/L thoracic/lumbar angle ratio, GERD gastroesopha-

geal reflux disease, FSSG Frequency Scale for Symptoms of GERD
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kyphosis is not compensated by lumbar lordosis [19].

Strictly, examination of the whole spine radiograph is

required to evaluate sagittal balance, but this cannot be

achieved in a basic health checkup. Therefore, we used

SpinalMouse� for evaluating spinal balance.

Evaluation of GERD

All patients were asked to respond to the FSSG question-

naire, a simple questionnaire that has recently been

developed by Kusano et al. [16]. The FSSG questionnaire

is appropriate for management of GERD in general prac-

tice patients; endoscopy is not required, but the results

from the FSSG questionnaire correlate strongly with

endoscopic findings. The questionnaire is a self-reported

instrument that contains 12 questions and is written in

simple and easy-to-understand language. The following

definitions are used in the FSSG questionnaire to identify

symptoms: (1) Do you get heartburn? (2) Does your

stomach get bloated? (3) Does your stomach ever feel

heavy after meals? (4) Do you sometimes subconsciously

rub your chest with your hand? (5) Do you ever feel sick

after meals? (6) Do you get heartburn after meals? (7) Do

you have an unusual (e.g., burning) sensation in your

throat? (8) Do you feel full while eating meals? (9) Does

food get stuck when you swallow? 10) Do you get bitter

liquid (acid) coming up into your throat? (11) Do you burp

a lot? and (12) Do you get heartburn if you bend over?

Symptom frequency was measured on a scale of

never = 0; occasionally = 1; sometimes = 2; often = 3;

and always = 4. GERD was diagnosed based on a FSSG

score of C8 points [14, 16, 23] and subjects were divided

into GERD(?) and GERD(-) groups.

Back muscle strength

Back muscle strength was determined from the maximal

isometric strength of the trunk muscles in a standing posture

with 30� lumbar flexion using a back muscle strength meter

(T.K.K.5002, Takei Co., Japan) (Fig. 2) [19, 24, 25]. The

average force from two trials was recorded. The maximum

strength in each trial was measured and these values showed

high reproducibility (r = 0.990, p \ 0.0001). All subjects

were assessed by one examiner who was blinded to the

results of other evaluations.

Interview concerning selected characteristics

Physical characteristics were determined by experienced

interviewers using a questionnaire at the time of the Com-

prehensive Health Examination. Information on gender,

age, BMI, FSSG questionnaire, number of oral drugs taken

per day, intake of NSAIDs, intake of bisphosphonates,

history of spine surgery, history of alcohol intake, and

smoking history were obtained. The responses for alcohol

intake were used to divide the subjects into those with a

history of alcohol intake and those who had never drank

alcohol. Information for smoking history was treated in the

same manner. Support was provided so that the subjects

could answer all questions by themselves.

Statistical analysis

All data are shown as means ± SD. Correlations between

variables were analyzed using Pearson correlation coeffi-

cient analysis and simple regression analysis. An unpaired

t test and Chi-square test was used to evaluate differences

between the GERD(?) and GERD(-) groups. Univariate

and multivariate logistic regression analyses were per-

formed to evaluate the odds ratio (OR) with 95% confi-

dence interval (95%CI) for potential risk factors for GERD.

Probability values of less than 0.05 were considered to be

statistically significant.

Results

The mean values of measured variables in the subjects are

listed in Table 1 and correlations between FSSG scores and

other variables are shown in Table 2. The FSSG score was

Fig. 2 Back muscle strength was determined in a standing posture

with 30� lumbar flexion using a back muscle strength meter
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negatively correlated with the lumbar lordosis angle and

back muscle strength; and positively correlated with the

T/L ratio and the number of oral drugs taken per day

(Table 2). The 245 patients were classified into two groups

based on GERD symptoms, with 60 (24.5%) in the

GERD(?) group (Table 3). The lumbar lordosis angle,

back muscle strength and sacral inclination angle were

significantly smaller and the T/L ratio and the number of

oral drugs taken per day were significantly larger in the

GERD(?) group compared to the respective values in the

GERD(-) group. Gender, age, BMI, osteoporosis, thoracic

kyphosis angle, spinal ROM, intake of oral NSAIDs, oral

bisphosphonates, and smoking and alcohol history did not

differ significantly between the GERD(?) and GERD(-)

groups (Table 3). Univariate and multivariate logistic

regression analyses were performed to evaluate the OR for

risk factors for GERD. In univariate analysis, the number

of oral drugs taken per day, lumbar lordosis angle, back

muscle strength, T/L ratio, and sacral inclination angle

were significantly associated with the presence of GERD

(Table 4). In multivariate logistic regression analysis

including all the variables, lumbar lordosis angle, T/L ratio,

number of oral drugs taken per day, and back muscle

strength had a significant association with the presence of

GERD (OR, 1.10, 1.11, 1.09 and 1.03; 95%CI, 1.03–1.17,

1.02–1.20, 1.01–1.18 and 1.01–1.04; p = 0.003, 0.015,

0.031 and 0.038, respectively) (Table 5). These results

show that a decrease in the lumbar lordosis angle, poor

sagittal balance, an increased number of oral drugs per day,

and decreased back muscle strength are important risk

factors for GERD.

Discussion

Regurgitation of gastric contents into the esophagus is

prevented by the lower esophageal sphincter (LES). GERD

is induced by decreased LES pressure, and this may be

caused by esophageal hiatal hernia, which affects the

function of the anti-reflux barrier at the gastroesophageal

junction [26, 27]. The prevalence of hiatal hernia increases

in elderly female patients [7] and the presence of hiatal

hernia has been correlated with the incidence of GERD

[28, 29]. This partly accounts for the increased prevalence

of GERD with the aging of society.

Osteoporosis and kyphosis have also been suggested to

contribute to the increased prevalence of GERD and hiatal

hernia [12, 13]. Yamaguchi et al. found that the presence

Table 1 Clinical background of the subjects

Item Value

Number 245

Male/female 100/145

Age (years) 66.7 (8.4)

BMI (kg/cm2) 23.6 (3.2)

BMD; YAM (%) 81.9 (14.7)

Osteoporosis (\YAM 70%) 52 (21.2%)

SpinalMouse

Thoracic kyphosis angle (�) 38.2 (12.2)

Lumbar lordosis angle (�) 20.3 (13.9)

Sacral inclination angle (�) 9.1 (9.4)

T/L ratio 2.4 (4.7)

Thoracic spinal ROM (�) 24.0 (16.7)

Lumbar spinal ROM (�) 42.7 (17.8)

Total spinal ROM (�) 66.7 (21.0)

GERD

FSSG score 4.9 (5.4)

GERD(?) (FSSG score C8) 60 (24.5%)

Back muscle strength (kg) 77.9 (30.7)

Number of oral drugs taken per day 3.7 (4.9)

Intake of NSAIDs 22 (9.1%)

Intake of bisphosphonates 19 (7.8%)

Smoker 27 (11.0%)

Alcohol drinker 108 (44.1%)

Values are shown as the number of patients (percentage in paren-

theses) or as the mean (SD)

BMI body mass index, BMD bone mineral density, YAM young adult

mean, T/L ratio thoracic/lumbar angle ratio, ROM range of motion,

GERD gastroesophageal reflux disease, FSSG Frequency Scale for

Symptoms of GERD, NSAIDs nonsteroidal anti-inflammatory drugs

Table 2 Correlation between total FSSG score and other variables

Variables Coefficient

(r)

Significance

(p)

T/L ratio 0.152 0.023*

Back muscle strength (kg) 20.148 0.027*

Lumbar lordosis angle (�) 20.141 0.036*

Total intake of oral drugs per day 0.140 0.036*

Age (years) -0.034 0.611

BMI (kg/cm2) 0.003 0.960

BMD; YAM (%) -0.001 0.983

Thoracic kyphosis angle (�) 0.126 0.061

Sacral inclination angle (�) -0.079 0.240

Thoracic spinal ROM (�) -0.017 0.797

Lumbar spinal ROM (�) 0.065 0.336

Total spinal ROM (�) 0.041 0.544

Bold values are statistically significant

T/L ratio thoracic/lumbar angle ratio, BMI body mass index, BMD
bone mineral density, YAM young adult mean, ROM range of motion,

FSSG frequency scale for symptoms of GERD, GERD gastroesoph-

ageal reflux disease

* Significant correlation (p \ 0.05). The parameters are arranged in

order of significance
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and number of vertebral fractures were significantly asso-

ciated with hiatal hernia in 87 postmenopausal women

[12], and Kusano et al. showed that the size of hiatal hernia

had a positive correlation with the severity of kyphosis

assessed using a digital camera in 100 elderly women [13].

However, these reports lacked detailed information on

kyphosis, such as the location of the kyphosis (thoracic or

lumbar), kyphosis angle, and sagittal balance. Recently,

Miyakoshi et al. examined the impact of spinal kyphosis on

GERD using plain radiographs in 112 patients (3 males

and 119 females) with osteoporotic vertebral fractures, and

found that an increase in lumbar kyphosis angle and

number of lumbar vertebral fractures are important risk

factors for GERD in osteoporotic patients [14]. However,

most of these patients were osteoporotic women, and factors

such as BMI, back muscle strength, smoking and alcohol

intake were not examined. Therefore, most previous reports

have not examined all the potential factors associated with

GERD. Thus, the current report is the first to evaluate the

association of GERD with age, gender, obesity, osteoporo-

sis, kyphosis angle, spinal ROM, spinal alignment, muscle

strength, drug intake, smoking and alcohol intake.

This study revealed that a decrease of the lumbar

lordosis angle, poor sagittal balance, an increased number

of oral drugs, and decreased back muscle strength are

important risk factors for GERD (Fig. 1b). Reduced lumbar

lordosis was revealed as the most significant risk factor for

development of GERD symptoms, which is consistent with

the results of Miyakoshi et al. [14]. In our multivariate

analysis, every additional 1� of lumbar kyphosis increased

the chance of having GERD by approximately 1.1, indi-

cating a 2.59 times higher risk of GERD development with

a decrease of lumbar lordosis of 10�. In contrast, the angle

Table 3 Difference in variables between subjects with and without

GERD

Variables GERD(?)

n = 60

GERD(-)

n = 185

Significance

(p)

Total intake of oral
drugs per day

5.5 (6.6) 3.2 (4.2) 0.0015***

Lumbar lordosis
angle (�)

13.8 (19.1) 22.4 (11.2) 0.0029***

T/L ratio 3.6 (5.1) 2.0 (3.2) 0.009**

Back muscle
strength (kg)

69.4 (32.5) 80.4 (29.8) 0.016*

Sacral inclination
angle (�)

7.2 (11.2) 10.0 (8.5) 0.046*

Female (%) 60.0 (n = 36) 57.3 (n = 106) [0.999

Age (years) 66.8 (9.3) 66.4 (8.2) 0.790

BMI (kg/cm2) 23.8 (3.1) 23.5 (3.2) 0.452

BMD; YAM (%) 79.7 (17.0) 82.7 (13.9) 0.183

Osteoporosis

(\YAM 70%)

30.0 (n = 18) 18.4 (n = 34) 0.141

Thoracic kyphosis

angle (�)

35.7 (15.3) 38.4 (10.5) 0.119

Thoracic spinal

ROM (�)

23.4 (19.6) 24.3 (15.7) 0.725

Lumbar spinal

ROM (�)

43.4 (19.4) 42.7 (17.3) 0.805

Total spinal ROM

(�)

66.8 (23.9) 67.0 (20.3) 0.944

Intake of NSAIDs

(%)

11.7 (n = 7) 8.1 (n = 15) 0.447

Intake of

bisphosphonates

(%)

10.0 (n = 6) 7.0 (n = 13) 0.582

Smoker (%) 8.3 (n = 5) 10.8 (n = 20) 0.634

Alcohol drinker (%) 41.7 (n = 25) 44.3 (n = 82) 0.652

Bold values are statistically significant

Values are shown as the mean (SD or the number of patients)

GERD gastroesophageal reflux disease, T/L ratio thoracic/lumbar

angle ratio, BMI body mass index, BMD bone mineral density, YAM
young adult mean, ROM range of motion, NSAIDs nonsteroidal anti-

inflammatory drugs

* Significant difference. The parameters are arranged in order of

significance

Table 4 Results of univariate logistic regression analysis: odds ratio

(OR) with 95% confidence interval (95% CI) for the risk of GERD

Parameter OR 95% CI Significance

(p)

Total intake of oral drugs per day 1.09 1.03–1.15 0.003*

Lumbar lordosis angle (2�)a 1.03 1.01–1.05 0.004*

Back muscle strength (2 kg)a 1.01 1.00–1.02 0.018*

T/L ratio 1.06 1.01–1.11 0.019*

Sacral inclination angle (�) 0.97 0.94–0.99 0.048*

Female 1.02 0.56–1.85 0.951

Age (years) 1.01 0.97–1.04 0.789

BMI (kg/cm2) 1.04 0.94–1.14 0.451

BMD; YAM (%) 0.99 0.97–1.01 0.183

Thoracic kyphosis angle (�) 0.98 0.96–1.01 0.122

Thoracic spinal ROM (�) 1.00 0.98–1.02 0.724

Lumbar spinal ROM (�) 1.00 0.99–1.02 0.804

Total spinal ROM (�) 1.01 0.99–1.02 0.165

Intake of NSAIDs 1.44 0.56–3.70 0.456

Intake of bisphosphonates 1.41 0.51–3.89 0.507

Smoker 1.36 0.49–3.80 0.559

Alcohol drinker 1.15 0.63–2.09 0.644

Bold values are statistically significant

GERD gastroesophageal reflux disease, T/L ratio thoracic/lumbar

angle ratio, BMI body mass index, BMD bone mineral density, YAM
young adult mean, ROM range of motion, NSAIDs: nonsteroidal anti-

inflammatory drugs

* Significant difference. The parameters are arranged in order of

significance
a For easy comprehension, the ORs for the lumbar lordosis angle and

back muscle strength are shown using negative units
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of thoracic kyphosis was not an important factor. These

data clearly show that GERD is significantly associated

with kyphosis of the lumbar spine, but not of the thoracic

spine. We suggest that the mechanism may involve an

increase in intra-abdominal pressure caused by lumbar

kyphosis [15], with subsequent compression of the esoph-

agus and stomach cranially. These changes may then

induce decreased LES pressure and hiatus hernia, leading

to regurgitation of gastric contents, including gastric acid,

and finally causing GERD (Fig. 3).

We also found that the T/L ratio was an independent risk

factor for development of GERD symptoms in multivariate

analysis. This and the fact that thoracic kyphosis was not a

risk factor for GERD indicates that global sagittal balance

has an important relationship with development of GERD

symptoms, as well as local spinal alignment. As we found in

a previous study, most elderly people cannot maintain

sagittal balance due to inflexibility of the spine, which

results in decompensated sagittal balance with an increased

T/L ratio [19]. Global sagittal balance should be somewhat

influenced by lumbar lordosis, but this result suggests that

compression of the abdomen due to global sagittal imbal-

ance may be a cause of GERD, even if a decrease of lumbar

lordosis angle is not accompanied by global sagittal

imbalance. Shimizu et al. [30] conducted spinal fusion from

the thoracic spine to the sacrum in a 72-year-old female

with poor spinal alignment and showed that GERD

improved immediately after surgery, and we have also

experienced a similar surgical case in a 69-year-old female

in our university hospital (she is not one of the patients in

this study). Such cases support the proposal of a relationship

between global spinal alignment and GERD, and suggest

that spinal surgery may be used to treat both kyphosis and

GERD in patients with severe back pain and reduce dietary

intake. Patients with ankylosing spondylitis, rheumatoid

arthritis, Parkinson disease, myopathies and other diseases

with neuromuscular deficiency were excluded in this study,

but these diseases also influence global spinal alignment

and thus are likely to contribute to gastroesophageal

motility problems. Therefore, it is important clinically to

consider the increased risk of GERD in such patients.

The FSSG score had a significant correlation with the

number of oral drugs taken per day, but showed no rela-

tionship with oral administration of NSAIDs or bisphos-

phonates. Miyakoshi et al. also found that the total number

of drugs, but not oral NSAIDs or bisphosphonates, was

significantly associated with the incidence of GERD [14].

Thus, drug-induced upper gastrointestinal pathology

[31, 32] and an association with GERD appear to be

Table 5 Results of multivariate logistic regression analysis: odds

ratios (OR) with 95% confidence interval (95% CI) for the risk of GERD

Parameter OR 95% CI Significance

(p)

Lumbar lordosis angle (2�)a 1.10 1.03–1.17 0.003*

T/L ratio 1.11 1.02–1.20 0.015*

Total intake of oral drugs per day 1.09 1.01–1.18 0.031*

Back muscle strength (2 kg)a 1.03 1.01–1.04 0.038*

Female 1.02 0.56–1.85 0.951

Age (years) 0.96 0.91–1.01 0.104

BMI (kg/cm2) 1.05 0.95–1.18 0.346

BMD; YAM (%) 0.98 0.96–1.01 0.216

Thoracic kyphosis angle (�) 1.01 0.98–1.05 0.482

Sacral inclination angle (�) 1.07 0.99–1.17 0.099

Thoracic spinal ROM (�) 1.00 0.98–1.02 0.955

Lumbar spinal ROM (�) 1.02 0.99–1.05 0.076

Total spinal ROM (�) 1.01 0.99–1.03 0.148

Intake of NSAIDs 2.45 0.63–9.54 0.197

Intake of bisphosphonates 1.19 0.32–4.50 0.794

Smoker 1.07 0.32–3.62 0.915

Alcohol drinker 0.91 0.40–2.05 0.810

Bold values are statistically significant

GERD gastroesophageal reflux disease, T/L ratio thoracic/lumbar

angle ratio, BMI body mass index, BMD bone mineral density, YAM
young adult mean, ROM range of motion, NSAIDs nonsteroidal anti-

inflammatory drugs

* Significant difference. The parameters are arranged in order of

significance
a For easy comprehension, the ORs for the lumbar lordosis angle and

back muscle strength are shown using negative units

Fig. 3 Proposed mechanism of occurrence of GERD due to spinal

disorder. Lumbar kyphosis, sagittal imbalance, and decrease in back

muscle strength may independently or synergistically increase intra-

abdominal pressure, with a subsequent decrease of LES pressure and

hiatus hernia leading to regurgitation of gastric acid and finally

causing GERD
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common in elderly patients who take many oral medica-

tions. The dose and duration of administration of NSAIDs

may also be important in development of GERD, and the

absence of this association in the current study may be due

to the irregular daily intake of NSAIDs. For bisphospho-

nates, alendronate therapy was found not to contribute to

upper gastrointestinal pathology in a large epidemiological

study [33], consistent with our current findings. We also

note that our subjects were relatively healthy and few were

taking these drugs, so care is required in extrapolation of

these findings. However, we believe that there is a rela-

tionship between total drug intake and GERD.

The current study is the first to show a relationship

between reduced back muscle strength and the incidence of

GERD. Our previous cohort study showed that improved

back muscle strength was an important factor for main-

taining the lumbar lordosis angle and spinal sagittal balance

[19]. Therefore, it is likely that decreased back muscle

strength will lead to lumbar kyphosis, a bent-forward pos-

ture and an increase in intra-abdominal pressure, resulting

in GERD. Multivariate logistic regression analysis indi-

cated that weakness of muscle strength may have a direct

influence on GERD, independent from an interrelationship

with lumbar kyphosis. However, the relationship between

GERD and muscle strength has not been reported previ-

ously and we did not examine the relationship between

abdominal muscle strength and back muscle strength in this

study. If the relationship between muscle strength and

GERD can be confirmed in further studies, appropriate

muscle training may be useful for prevention of GERD.

We used data obtained from SpinalMouse� and the

FSSG in the current study. SpinalMouse� provides a simple

and noninvasive test that has been shown to be reliable in

many reports [18, 19, 25, 34–36]. In this study, Spinal-

Mouse� data showed a significant correlation with findings

from lumbar radiographs, although there was a tendency for

the SpinalMouse� measurements to give angles that were

smaller than those on plain radiographs. However, the

reliability of the test decreases in persons with thick soft

tissues and for lower lumbar vertebra data. SpinalMouse�

measurements are also difficult in patients with surgical

resection of the spinous process. Therefore, we should not

think that we can use the SpinalMouse� angle instead of

radiographic findings completely. However, SpinalMouse�

is suitable for ROM evaluation based on differences in

measurement and comparison of alignments, and can be

used for evaluation of total spinal mobility over a short

period of time with no side effects. In this health checkup,

the cost was supported by a small local government and it

would be expensive to add more radiographic examinations

and facilities for plain radiographs. Furthermore, the health

checkup includes internal medicine, urology, ophthalmol-

ogy and otolaryngology tests, which limits the time and

patience of subjects available for more radiographic

assessments. For these reasons of expense and time, it is

difficult to evaluate a functional radiograph or a whole spine

radiograph in this kind of health checkup. Thus, Spinal-

Mouse� is a useful tool for measurement of spinal mobility

and alignment. The FSSG is a simple questionnaire based

on symptoms that has been shown to correlate strongly with

endoscopic findings [16]. Strictly, diagnosis of GERD

requires endoscopy, but performance of endoscopy is also

difficult in a health checkup, and many patients with GERD

show no evidence of the disease on endoscopy [37–39]. In

contrast, use of the FSSG questionnaire may fail to identify

asymptomatic cases of GERD. However, we believe that all

patients with symptomatic GERD can be identified using

this questionnaire, and that the FSSG is a useful noninva-

sive tool for evaluation of GERD in community screening

and orthopedic clinics.

There are several other limitations of this study. First,

this study was performed in one ethnic group, and inclusion

of other ethnicities is needed in a future study. Also, the

percentage of patients with osteoporosis and those treated

with oral drugs was small because the subjects were rela-

tively healthy. Thus, we need more subjects to clarify the

relationships of GERD with smoking and alcohol intake.

However, the current study is of value as the first exami-

nation of the association of GERD with multiple clinical

factors in healthy subjects. Our results showed that lumbar

kyphosis, poor spinal balance, increased number of oral

drugs taken per day, and decreased back muscle strength

are important risk factors for development of GERD

symptoms. These findings suggest that GERD may be

prevented by maintaining spinal balance and back muscle

strength in elderly patients. This indicates that orthopedic

surgeons should pay careful attention to GERD in elderly

patients with spinal deformity.

Acknowledgments We are grateful to the staff of the Comprehen-

sive Health Care Program held in Yakumo, Hokkaido. We also thank

Ms. Kae Shikii and Ms. Saho Horiuchi of Nagoya University for their

assistance with data collection. This study was supported by Japanese

Ministry of Health, Labor, and Welfare Grants-in Aid for Scientific

Research (B)(2)(20390397).

Conflict of interest The authors report no conflict of interest except

for this national grant.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Holtmann G (2001) Reflux disease: the disorder of the third

millennium. Eur J Gastroenterol Hepatol 13(Suppl 1):S5–S11

Eur Spine J (2012) 21:2149–2157 2155

123



2. Heading RC (2004) Review article: diagnosis and clinical

investigation of gastro-oesophageal reflux disease: a European

view. Aliment Pharmacol Ther 20(Suppl 8):9–13. doi:APT222

110.1111/j.1365-2036.2004.02221.x

3. Kennedy T, Jones R (2000) The prevalence of gastro-oesophageal

reflux symptoms in a UK population and the consultation

behaviour of patients with these symptoms. Aliment Pharmacol

Ther 14:1589–1594. doi:apt884

4. Okamoto K, Iwakiri R, Mori M, Hara M, Oda K, Danjo A, Ootani

A, Sakata H, Fujimoto K (2003) Clinical symptoms in endoscopic

reflux esophagitis: evaluation in 8031 adult subjects. Dig Dis Sci

48:2237–2241

5. Watanabe T, Urita Y, Sugimoto M, Miki K (2007) Gastro-

esophageal reflux disease symptoms are more common in general

practice in Japan. World J Gastroenterol 13:4219–4223

6. Nandurkar S, Talley NJ (2000) Epidemiology and natural history

of reflux disease. Baillieres Best Pract Res Clin Gastroenterol

14:743–757. doi:10.1053/bega.2000.0122bega.2000.0122

7. Furukawa N, Iwakiri R, Koyama T, Okamoto K, Yoshida T,

Kashiwagi Y, Ohyama T, Noda T, Sakata H, Fujimoto K (1999)

Proportion of reflux esophagitis in 6010 Japanese adults: pro-

spective evaluation by endoscopy. J Gastroenterol 34:441–444

8. Hampel H, Abraham NS, El-Serag HB (2005) Meta-analysis:

obesity and the risk for gastroesophageal reflux disease and its

complications. Ann Intern Med 143:199–211. doi:143/3/199

9. Orlando RC (1995) Reflux esophagitis: overview. Scand J Gas-

troenterol Suppl 210:36–37

10. Sakaguchi M, Oka H, Hashimoto T, Asakuma Y, Takao M, Gon

G, Yamamoto M, Tsuji Y, Yamamoto N, Shimada M, Lee K,

Ashida K (2008) Obesity as a risk factor for GERD in Japan.

J Gastroenterol 43:57–62. doi:10.1007/s00535-007-2128-7

11. Wilson LJ, Ma W, Hirschowitz BI (1999) Association of obesity

with hiatal hernia and esophagitis. Am J Gastroenterol 94:

2840–2844. doi:j.1572-0241.1999.01426.x

12. Yamaguchi T, Sugimoto T, Yamada H, Kanzawa M, Yano S,

Yamauchi M, Chihara K (2002) The presence and severity of

vertebral fractures is associated with the presence of esophageal

hiatal hernia in postmenopausal women. Osteoporos Int 13:331–

336

13. Kusano M, Hashizume K, Ehara Y, Shimoyama Y, Kawamura O,

Mori M (2008) Size of hiatus hernia correlates with severity of

kyphosis, not with obesity, in elderly Japanese women. J Clin

Gastroenterol 42:345–350. doi:10.1097/MCG.0b013e318037556c

14. Miyakoshi N, Kasukawa Y, Sasaki H, Kamo K, Shimada Y

(2009) Impact of spinal kyphosis on gastroesophageal reflux

disease symptoms in patients with osteoporosis. Osteoporos Int

20:1193–1198. doi:10.1007/s00198-008-0777-x

15. Yamaguchi T, Sugimoto T, Yamauchi M, Matsumori Y, Tsutsumi

M, Chihara K (2005) Multiple vertebral fractures are associated

with refractory reflux esophagitis in postmenopausal women.

J Bone Miner Metab 23:36–40. doi:10.1007/s00774-004-0538-7

16. Kusano M, Shimoyama Y, Sugimoto S, Kawamura O, Maeda M,

Minashi K, Kuribayashi S, Higuchi T, Zai H, Ino K, Horikoshi T,

Sugiyama T, Toki M, Ohwada T, Mori M (2004) Development and

evaluation of FSSG: frequency scale for the symptoms of GERD.

J Gastroenterol 39:888–891. doi:10.1007/s00535-004-1417-7

17. Orimo H, Hayashi Y, Fukunaga M, Sone T, Fujiwara S, Shiraki

M, Kushida K, Miyamoto S, Soen S, Nishimura J, Oh-Hashi Y,

Hosoi T, Gorai I, Tanaka H, Igai T, Kishimoto H (2001) Diag-

nostic criteria for primary osteoporosis: year 2000 revision.

J Bone Miner Metab 19:331–337

18. Post RB, Leferink VJ (2004) Spinal mobility: sagittal range of

motion measured with the SpinalMouse, a new non-invasive

device. Arch Orthop Trauma Surg 124:187–192. doi:10.1007/

s00402-004-0641-1

19. Imagama S, Matsuyama Y, Hasegawa Y, Sakai Y, Ito Z, Ishiguro

N, Hamajima N (2010) Back muscle strength and spinal mobility

are predictors of quality of life in middle-aged and elderly males.

Eur Spine J. doi:10.1007/s00586-010-1606-4

20. Jackson RP, Hales C (2000) Congruent spinopelvic alignment on

standing lateral radiographs of adult volunteers. Spine (Phila Pa

1976) 25:2808–2815

21. Jackson RP, Kanemura T, Kawakami N, Hales C (2000) Lum-

bopelvic lordosis and pelvic balance on repeated standing lateral

radiographs of adult volunteers and untreated patients with con-

stant low back pain. Spine (Phila Pa 1976) 25:575–586

22. Jackson RP, Peterson MD, McManus AC, Hales C (1998)

Compensatory spinopelvic balance over the hip axis and better

reliability in measuring lordosis to the pelvic radius on standing

lateral radiographs of adult volunteers and patients. Spine (Phila

Pa 1976) 23:1750–1767

23. Kusano M, Shimoyama Y, Kawamura O, Maeda M, Kuribayashi

S, Nagoshi A, Zai H, Moki F, Horikoshi T, Toki M, Sugimoto S,

Mori M (2007) Proton pump inhibitors improve acid-related

dyspepsia in gastroesophageal reflux disease patients. Dig Dis Sci

52:1673–1677. doi:10.1007/s10620-006-9674-3

24. Sakai Y, Matsuyama Y, Hasegawa Y, Yoshihara H, Nakamura H,

Katayama Y, Imagama S, Ito Z, Ishiguro N, Hamajima N (2007)

Association of gene polymorphisms with intervertebral disc

degeneration and vertebral osteophyte formation. Spine (Phila Pa

1976) 32:1279–1286. doi:10.1097/BRS.0b013e318059af8a00007

632-200705200-00005

25. Imagama S, Hasegawa Y, Matsuyama Y, Sakai Y, Ito Z,

Hamajima N, Ishiguro N (2011) Influence of sagittal balance and

physical ability associated with exercise on quality of life in

middle-aged and elderly people. Arch Osteoporos 6(1–2):13–20

26. Kasapidis P, Vassilakis JS, Tzovaras G, Chrysos E, Xynos E (1995)

Effect of hiatal hernia on esophageal manometry and pH-metry in

gastroesophageal reflux disease. Dig Dis Sci 40:2724–2730

27. Katz PO (1991) Pathogenesis and management of gastroesopha-

geal reflux disease. J Clin Gastroenterol 13(Suppl 2):S6–S15

28. Amano K, Adachi K, Katsube T, Watanabe M, Kinoshita Y

(2001) Role of hiatus hernia and gastric mucosal atrophy in the

development of reflux esophagitis in the elderly. J Gastroenterol

Hepatol 16:132–136. doi:jgh2396

29. Inamori M, Togawa J, Nagase H, Abe Y, Umezawa T, Nakajima A,

Saito T, Ueno N, Tanaka K, Sekihara H, Kaifu H, Tsuboi H, Kayama

H, Tominaga S, Nagura H (2003) Clinical characteristics of Japa-

nese reflux esophagitis patients as determined by Los Angeles

classification. J Gastroenterol Hepatol 18:172–176. doi:2932
30. Shimizu T, Manabe N, Ino M et al (2009) Correction surgeries

using a long instrumentation for osteoporotic elderly patients with

sagittal malalignment. Spine & Spinal Cord 22-5:625–632 in

Japanese

31. Abraham SC, Cruz-Correa M, Lee LA, Yardley JH, Wu TT

(1999) Alendronate-associated esophageal injury: pathologic and

endoscopic features. Mod Pathol 12:1152–1157

32. Owen DA (2003) Gastritis and carditis. Mod Pathol 16:325–341.

doi:10.1097/01.MP.0000062995.72390.14

33. Donahue JG, Chan KA, Andrade SE, Beck A, Boles M, Buist DS,

Carey VJ, Chandler JM, Chase GA, Ettinger B, Fishman P,

Goodman M, Guess HA, Gurwitz JH, LaCroix AZ, Levin TR,

Platt R (2002) Gastric and duodenal safety of daily alendronate.

Arch Intern Med 162:936–942. doi:ioi01033

34. Keller S, Mannion A, Grob D (2000) Reliability of a new mea-

suring device (‘‘SpinalMouse’’) in recording the sagittal profile of

the back. Eur Spine J 9:303

35. Post RB, Leferink VJ (2004) Sagittal range of motion after a

spinal fracture: does ROM correlate with functional outcome?

Eur Spine J 13:489–494. doi:10.1007/s00586-003-0669-x

2156 Eur Spine J (2012) 21:2149–2157

123

http://dx.doi.org/APT222110.1111/j.1365-2036.2004.02221.x
http://dx.doi.org/APT222110.1111/j.1365-2036.2004.02221.x
http://dx.doi.org/apt884
http://dx.doi.org/10.1053/bega.2000.0122bega.2000.0122
http://dx.doi.org/143/3/199
http://dx.doi.org/10.1007/s00535-007-2128-7
http://dx.doi.org/j.1572-0241.1999.01426.x
http://dx.doi.org/10.1097/MCG.0b013e318037556c
http://dx.doi.org/10.1007/s00198-008-0777-x
http://dx.doi.org/10.1007/s00774-004-0538-7
http://dx.doi.org/10.1007/s00535-004-1417-7
http://dx.doi.org/10.1007/s00402-004-0641-1
http://dx.doi.org/10.1007/s00402-004-0641-1
http://dx.doi.org/10.1007/s00586-010-1606-4
http://dx.doi.org/10.1007/s10620-006-9674-3
http://dx.doi.org/10.1097/BRS.0b013e318059af8a00007632-200705200-00005
http://dx.doi.org/10.1097/BRS.0b013e318059af8a00007632-200705200-00005
http://dx.doi.org/jgh2396
http://dx.doi.org/2932
http://dx.doi.org/10.1097/01.MP.0000062995.72390.14
http://dx.doi.org/ioi01033
http://dx.doi.org/10.1007/s00586-003-0669-x


36. Liebig EM, Kothe R, Mannion AF (2000) The clinical signifi-

cance of the lumbar lordosis: relationship between lumbar spinal

curvature and low back pain. Eur Spine J 9:286

37. Kusano M (2004) Review article: diagnosis and investigation of

gastro-oesophageal reflux disease in Japanese patients. Aliment

Pharmacol Ther 20(Suppl 8):14–18. doi:APT222210.1111/j.1365-

2036.2004.02222.x

38. Lind T, Havelund T, Carlsson R, Anker-Hansen O, Glise H,

Hernqvist H, Junghard O, Lauritsen K, Lundell L, Pedersen SA,

Stubberod A (1997) Heartburn without oesophagitis: efficacy of

omeprazole therapy and features determining therapeutic

response. Scand J Gastroenterol 32:974–979. doi:10.3109/0036

5529709011212

39. Pace F, Santalucia F, Bianchi Porro G (1991) Natural history of

gastro-oesophageal reflux disease without oesophagitis. Gut

32:845–848

Eur Spine J (2012) 21:2149–2157 2157

123

http://dx.doi.org/APT222210.1111/j.1365-2036.2004.02222.x
http://dx.doi.org/APT222210.1111/j.1365-2036.2004.02222.x
http://dx.doi.org/10.3109/00365529709011212
http://dx.doi.org/10.3109/00365529709011212

	Influence of lumbar kyphosis and back muscle strength on the symptoms of gastroesophageal reflux disease in middle-aged and elderly people
	Abstract
	Objective
	Summary of background data
	Subjects and methods
	Results
	Conclusion

	Introduction
	Subjects and methods
	Evaluation using SpinalMousereg
	Evaluation of GERD
	Back muscle strength
	Interview concerning selected characteristics
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


