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Sebagian besar waktu yang dihabiskan oleh pekerja industri lebih banyak dihabiskan pada lingkungan kerja, sehingga seluruh aktivitas 
fisik dan gaya hidup seperti kebiasaan merokok, sangat mempengaruhi kualitas kesehatan pekerja. Massa tulang merupakan salah satu 
faktor yang mempengaruhi kualitas kesehatan seseorang. Penelitian ini ditujukan untuk menilai pengaruh aktivitas fisik dan kebiasaan 
merokok terhadap massa tulang, terutama pada pada pekerja industri laki-laki. Selain itu, penelitian ini ditujukan sebagai studi awal 
untuk mengidentifikasi variabel-variabel yang mempengaruhi massa tulang dan dasar untuk menentukan batas berat yang direkomen-
dasikan oleh NIOSH Lifting Equation. Jumlah sampel yang diteliti sebanyak 93 orang pekerja laki-laki pada bidang industri manufaktur 
di Padang, Sumatera Barat. Penelitian dilakukan dengan menggunakan kuesioner untuk menentukan aktivitas fisik yang dilakukan pada 
tempat kerja, serta kebiasaan merokok, sedangkan pengukuran massa tulang dihitung menggunakan alat pengukur massa tulang. Hasil 
penelitian menunjukkan bahwa aktivitas fisik dan kebiasaaan merokok secara signifikan berpengaruh terhadap massa tulang (p<0,05), 
tertama untuk orang dewasa pada kategori umur yang lebih muda, khususnya pada pekerja industri laki-laki di Padang, Sumatera Barat.

Kata kunci: Aktivitas fisik, Kebiasaan merokok, Massa tulang

THE RELATIONSHIP OF PHYSICAL ACTIVITIES AND SMOKING HABIT ON BONE MASS AMONG MALE 
INDUSTRIAL WORKERS IN PADANG, WEST SUMATRA

Labors, especially in industry, spend most of their time in the workplace. Several factors including physical activity and lifestyle of workers 
such as smoking habit in the workplace that will affect labors health. Besides that, bone mass is one of the factors that influence the health 
quality of workers, especially for hand-operated labor. This research aims to define the relationship between physical activity and smoking 
habit on bone mass in male industrial labors. The study is a preliminary study to recognize variables that influence bone mass and the 
base for defining the weight limit for lifting activities. This investigation was purposed determining physical activity and smoking habit of 
labors in the workplace, as well as calculating the bone mass of workers. The respondents required were 93 male labors in Padang, West 
Sumatra. Bone mass measuring tools were used to calculate labor’s bone mass, while questionnaires were used to define the smoking 
habit of labors and physical activity. Physical activity, as well as smoking habit, were significantly affected the bone mass (p<0.05) of the 
workers. This study result explains that physical activity and smoking habit are factors that are associated with bone mass status for young 
male workers in Padang, West Sumatra.

Keywords : Physical activity, Smoking habit, Bone mass
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Introduction
The manufacturing industry in Indonesia is 

one of the essential industries that contribute to 
the country’s economy. In the past years, the pro-
portion of workers in the manufacturing sector 
has increased from 12.5 percent (2006) to 13.1 per-
cent (2016). During this period around 3.7 million 
workers entered the manufacturing industry.(1) 
In small and medium industries, the manual la-
bors often used in carrying out work activities; 
this is due to the inappropriate workstation de-
sign and the lack of use of manual material han-
dling (MMH) aids for work. Furthermore, most of 
the time spent by industrial workers are in their 
workstations. Therefore, physical activity and 
smoking habit of industrial workers significantly 
affect their health quality including bone mass. It 
gives a negative and positive impact on the work-
ers which is currently debated by researchers. The 
adverse effect is that if more work is done manu-
ally in an inappropriate way, it can cause injury 
to industrial workers.(2,3) That’s why it is needed 
a suitable design of workstations and MMH tools 
to avoid the risk of musculoskeletal disorders. 
However, there is still a positive impact resulting 
from work activities conducted by workers. It can 
keep the bones healthy and prevent the decline in 
bone mass.

Skeletal muscles that performed human 
body action interpreted as physical activity.(4) It 
also means that raised physical fitness and energy 
expenditure, resulting from physiological char-
acteristics based on behavior and affects human 
action.(5) According to the previous researcher, 
there was a clear observable indication that phys-
ical activity had a significant influence on bone 
strength. A relationship between physical activi-
ties with bone density disturbances had been car-
ried out by Dimyati (6) where these results affirm 
that regular physical activity can influence bone 
mass. Bone requires pressure from exercise so that 
the process of bone formation is comparable to 
bone erosion. A simple movement such as walk-
ing does increase strong muscles and help build 
normal bone status. (7) Lower back pain tends to 
occur in people who rarely do a physical activity 
by 80.04 times more significant than respondents 

who are active in applying. (8)

Today, smoking as one of the crucial prob-
lems in occupational (9) and identified as an essen-
tial risk factor for health status in industrialized 
workers. (10) It has been explained that tobacco 
smoke can increase the risk of low back pain. 
(6,7,8) Research conducted by Patrianingrum, et al. 
(9) investigated that the smokers had a chance of 
1,348 times for lower back pain compared with 
nonsmokers. The nicotine content in cigarettes 
causes thickening of the blood vessel walls which 
aggravates blood supply and nutrients to the tis-
sues. Malnutrition cells due to nutritional supply 
will be disrupted and potentially damage due to 
reduced bone mineral density. (8) Dimyati (6) inves-
tigated the relationship between smoking habit 
and bone density disorders caused by the content 
of nicotine in cigarettes will inhibit estrogen secre-
tion, stimulate estrogen damage in the organ, and 
accelerate the menopause. Besides that, the smok-
ing habit will disrupt this protective effect of cal-
cium on the bones because the content of heavy 
metal cigarettes will prevent the consumption of 
calcium and inhibit the work of osteoblasts and 
eliminate them from the blood circulation. (7)

Based on the previous studies it can be ex-
plained that physical activity and smoking habit 
affect bone mass and bone density. (6,7,8) Physical 
activity can increase bone mass while smoking 
habit has the opposite effect on bone mass. Do-
nelly (11) investigated that structure, and attributes 
of tissue component provided to bone architec-
tural integrity. An amount is the density of bone, 
while quality is bone size, mineral content and 
bone microarchitecture. Several factors including 
age and sex can affect bone mass factors. (12) In-
creasing with age shows the high proportions ver-
tebrae degeneration. (13) Genetic factors, calcium 
consumption, exercise, hormonal, and a healthy 
lifestyle will influence bone mass. (14) Besides that, 
bone mass is also affected by age where the more 
a person ages, the higher the risk of bone degen-
eration. Mardiyah and Sartika (7) and Alghadir 
et al. (8) investigated that in early 30 years; the 
bone mass began to decline with a small amount 
of bone reduction in the spine which can cause 
musculoskeletal disorders. Besides, at the age of 
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50 years, there is 2.6 times chance to experience 
bone density disorders compared to respondents 
aged less than 50 years. Bones that have decreased 
mass can increase the likelihood of fractures. 
(15,16) Today, osteoporosis prevalence advances to 
expand throughout the world. Osteoporosis ap-
pears advanced in both gender and age, especially 
at the age of 50 years. (17,18)

Based on the elaboration, a hypothesis can 
be formulated to analyze the influence of smok-
ing habit and physical activity in bone mass.  It 
aims to determine the impact of the smoking hab-
it and regular physical activity in bone mass sta-
tus, especially for male industrial workers. The re-
search can be used as a preliminary investigation 
to recognize variables that influence bone mass 
and the base for defining the weight limit during 
lifting activities. Also, as a consideration for the 
industrial world regarding the limitations of phys-
ical activity, especially manual material handling 
activities, which are carried out by workers to min-
imize the risk of injury as well as to prevent the 
occurrence of bone mass reduction.

Methods
The study was conducted out from June 

to August 2018 on male labors in Padang, West 
Sumatra, who most often carried out physical ac-
tivities at the workplace. The chosen labors are 
ones who have high physical activity at work and 
have a smoking habit. The age of the labors was 
in the range of 18 to 50 years, which divided into 
two groups:(1)18–29 years, n=50, (2) 30-49 years, 
n=43.

The data collection started by distributing 
the physical activity and smoking habit question-
naires to the subjects. Questionnaires used were 
Smoking Habit and Baecke’s questionnaire. A 
total score was the amount of Baecke’s question-
naire scores from the past 12 months as the index 
of physical activity. Smoking Habits Question-
naires were answered with yes/no questions; data 
were obtained to analyze the specific, kind, and 
frequencies of smoking. Then, the body compo-
sition data (bone mass) were obtained using the 
Tanita Innerscan Model BC-541 scale. Based on 
the elaboration, it can be formulated to analyze 

the influence of smoking habit and physical activ-
ity on bone mass of young male industrial workers 
in Padang. All components of the respondents are 
presented in Table 1

                      
   

Where:
n= Samples
N= Population
E= Error tolerance 
Population was 1.416 male labors in Padang. 

The study took a sampling error of 10%, and the 
sample size was:

n = 1416/1+1416 (0.10*0.10) 
n = 1416/ 1+1416*0.01 
n = 1416/1+14.16
n = 1416/15.16
n = 93
Then, the sample size was 93 samples.
The questionnaire assessed two components 

of lifestyle behaviors: physical activities (Baecke’s 
questionnaire) and smoking habit. There are 16 
questions in Baecke’s questionnaire including 
three categories: (1) occupational (8 queries), (2) 
leisure score (4 queries), (3) leisure and locomo-
tion (4 queries) from the past 12 months. Form 
the research, the respondents were male labors, 
this total score is the sum of three categories scores 
from the past 12 months as the index of physi-
cal activity. The category of physical activity was 
assessed from this total score into, (1) physically 
inactive (<7.5 physical activity score), (2) physical-
ly active (<7.5 physical activity score). (20) Smoking 
Habits Questionnaires were answered with yes/
no questions; data were obtained to analyze the 
specific, kind, and frequencies of smoking.

Statistical analyses used SPSS Software ver-
sion 16.0. Variables were assessed in determining 
means and standard deviations. Nonparametric 
parameters determining the Mann Whitney test, 
Student’s t-test, and ANOVA. Verifying corre-
spondences of physical activity, smoking habit, 
and bone mass were used Spearman Rank (ρ). 
Therefore, at the level of significance P-value < 
0.05, the null hypothesis was rejected.
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Results 
 Table 1 displays the distribution of respon-

dent frequency based on research variables. Nine-
ty-three subjects were participated from the total 
of 1416 workers in Padang, West Sumatera, with a 
tolerance limit of 10% using the Slovin formula. 
Tanita Innerscan Model BC-541 used for deter-
mining body weight (kg) and measuring tape used 
for determining body height (cm). Bodyweight 
(kg) divided by body height (m2) determined as 
Body mass index (BMI) (kg/m2). According in 
BMI category from Ministry of Health of Indo-
nesia, every respondent was categorized into four 
groups: (1) underweight: <18.5 kg/m2 (2) normal 
weight; 18.5 to <25 kg/m2 (3) pre-obese; 25 to 
<27 kg/m2 (4) obese; ≥ 27 kg/m2. (20) Bone mass 
was measured based on their body weight, which 
are: (1) normal bone mass (bodyweight < 45 kg, 
normal bone mass = 2.5 kg; body weight = 45 kg 
– 60 kg, normal bone mass = 2.9 kg, and body 
weight > 60 kg, normal bone mass= 3.2 kg), (2) 
low bone mass (underweight of normal bone 
mass). According to bone mass status, the male 
respondents were categorized into two groups.

The respondents were categorized into two 
groups based on age; (1)18–29 years, n=50,(2)30-
49 years, n=43. More than 82% of subjects (young-
er subjects) had a low bone mass, while 18% of the 
subjects were found to have normal bone mass. 
Associated with group 1, 79% of group 2 also had 
a low bone mass, and only 21% of the subjects 
were found to have normal bone mass.

In this study, almost all subjects had low 
bone mass. It caused by the classification of bone 
mass based on the participant’s body mass and 
BMI. Based on body mass and BMI, almost all of 
the subjects had a low bone mass category. Based 
on Table 1, the mean of body weight in young-
er subjects was 56.12 ±11.06 kg, compared with 
older subjects with body weight was 60.87± 12.9 
kg. From this study, there are significant effects of 
BMI status in abnormal BMI for both of group

The study also found that the ratios of young-
er subjects with a normal BMI (63%) were lower 
than those of older subjects (65%) respectively. 
Though, abnormal BMI profiles were related in 
group 2 (obesity=16%; pre-obesity=7%) compared 

with younger men (obesity=6%; pre-obesity=4%). 
Based on Table 2, it was shown that there was cor-
related positively by bone mass and osteoporosis. 
However, a younger group showed the highest 
proportions of low bone mass, body weight, and 
BMI. This could be the reason why there were 
the highest proportions of low bone mass of the 
young man from this research.

Table 2 displays the relationship matrix be-
tween the independent and dependent variables. 
According to BMI, age, body weight, physical activ-
ity level, and smoking habit, it shows that the bone 
mass of the respondents performed to increase. 
All these factors explain a significant association 
(p<0.01) in the overall sample also low bone mass 
sample. Furthermore, among the factors affected 
to bone mass in normal level, both BMI and body 
weight was correlated with bone mass (p<0.01), 
and the other variables such as smoking habit, 
physical activity, and age were correlated positive-
ly by normal bone mass sample (p<0.05). It can 
cause any sample of normal bone mass is about 18 
samples from the total respondents, so if we add 
some data may affect the result. However, it shows 
that all variables correlated positively with bone 
mass variation (p<0.05) of the studied subjects 
and explained from 0.47 to 0.55 with a moderate 
positive correlation. Table 3 shows a significant 
increase in bone mass and physical activity for 
young male respondents (group 1) compared with 
old male respondents (group 2) (p<0.01). Further-
more, it shows that smoking habit correlated pos-
itively with age (p<0.05). 

 Table 4 shows that there is a relationship 
between smoking habit and physical activity with 
the bone mass (p<0.05). These results were suit-
ed with the previous study that reported the as-
sociation between bone mass with persons with 
physically active. (6,7,8) Regular physical activity 
performed more critical as a determinant of bone 
mass. Bone mass of a physically active subject is 
significantly higher than the bone mass of a phys-
ically inactive subject (p<0.05). Furthermore, the 
data shows that smoking habit correlated positive-
ly with bone mass (p<0.01).
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Table 1 Distribution of Respondent Frequency Based on Research Variables

Respondent Frequency Distribution 
Based on Research Variables

Group 1 Group 2 

(18–29 years) n=50 (30-49 years) n = 43

Number Mean ± Std. 
Deviation Number Mean ± Std. 

Deviation

Age (years) 50 23.16 ± 3.51 43 39.83 ± 7.96

Body Weight (kg) 50 56.12 ±11.06 43 60.87± 12.9

Body Height (cm) 50 163.9 ± 6.88 43 162.79 ± 6.2

Body Mass Index (kg/m2) 50 20.79 ±3.32 43 22.94± 4.58

Underweight (< 18.5 kg/m2) 14 (27%) 16.9 ± 0.86 5 (12%) 16.85 ± 1.67

Normal weight (18.5 to < 25 kg/m2) 31 (63%) 21.3 ± 1.6 28 (65%) 21.67 ± 1.67

Pre-obese (25 to < 27 kg/m2) 2 (4%) 25.5 ± 0.78 3 (7%) 25.6 ± 0.6

Obese (≥ 27 kg/m2) 3 (6%) 28.9 ± 1.12 7 (16%) 31.2 ±3.18

Bone Mass (kg) Normal 9 (18%) 3.05 ± 0.25 9 (21%) 2.98 ± 0.257

Low Bone Mass 41 (82%) 2.37 ± 0.21 34 (79%) 2.58 ± 0.231

Physical Activ-
ities

Inactive 2 (3%) 9.13 ± 0.00 6 (14%) 8.58 ± 0.398

Active 48 (97%) 8.60 ± 0.385 37 (86%) 8.86 ± 0.347

Smoking Habit No 19 (39%) 2.00 ± 0.00 27 (63%) 2.00 ± 0.00

Table 2 Correlation Matrix between Age, Body Weight, BMI, Physical Activity, Smoking Habit, Based on Bone Mass 
Status of the 93 Subjects.

Category
 Bone Mass 

Overall Sample Low Normal

Age (year) 0.256a 0.449a 0.33b

Body Weight (kg) 0.524a 0.60a 0.748a

Body Mass Index (kg/
m2) 0.418a 0.457a  0.722a

Smoking Habit 0.715a 0.709a 0.467b

Physical activity 0.450a 0.554a 0.082b

Overall 0.47 0.55 0.47

a p<0.01
b p<0.05

 

Table 3 Statistical Test Results of Bone Mass, Smoking Habit, and Physical Activity with Age

Test Statistics(a) Bone Mass Smoking Habit Physical Activity

Mann-Whitney U 679.00 808.50 739.50

Wilcoxon W 1954.00 2083.50 2014.50

Z -3.07 -2.37 -2.61

Asymp. Sig. (2-tailed) 0.00 0.02 0.01
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Discussion
The study has found a relationship between 

physical activity and smoking habit on bone mass, 
especially for young male industrial workers in 
Padang, West Sumatra. The results show a differ-
ence in the overall sample based on age. Regular 
activity, smoking habit, and bone mass have a sig-
nificant association with age. A significantly great-
er bone mass status was advised for young male 
labors who physically active (p<0.05) and did not 
smoke (p<0.01). 

From the research, almost all subjects had 
low bone mass. It can be caused by classification of 
bone mass based on the participant’s body weight 
and BMI. However, the younger groups showed 
the highest proportions of low bone mass, body 
weight, and BMI. It could be the reason why it 
was found the highest portions of low bone mass 
in this study. Some current researches have iden-
tified bone loss in young age. (21,18) Compiling data 
from the investigations indicates that immediate 
the loss of bone mass (21) influenced by different 
factors, such as lifestyle and hormonal. (21,18)

The study found a significantly normal 
bone mass for young male labors, who physically 
active (p<0.01). The influence of physical activity 
was different depending on age. In older subjects, 
the influence of physical activity on bone mass 
was smaller and less consistent. (29,31) This study 
supports the other research that found there is 
an increase in bone status with various frequen-
cies of physical activity in pre and peripubescent 
children. Most studies confirmed that activity at 
more young ages shows to have an important pur-
pose in blocking bone loss in the old ages. (8) The 
results of the study that in early periods of age, 
exercise has a significant impact on bone improve-
ment and maintain bone health status or prevent 

bone loss disorder in adulthood. (32)

The results of the subjects showed a correla-
tion between regular physical activity and bone 
mass. There was a significant correlated and pos-
itively affected bone mass (p<0.01). In this study, 
almost all subjects had a high score for physical ac-
tivity index. It was caused by the chosen subjects 
were ones who had high physical activity at work. 
They lifted and lowered the 19 kg load repetitive-
ly more than 8 hours of work a day. Muslimah 
(33)  investigated that load constant for Indonesian 
people is 18.7 kg for lifting activities. The most 
commonly complained pain by workers is muscu-
loskeletal disorders or low back pain (34) if there 
is not an improvement of the work system, such 
as the work shift, work rotation, manual materi-
al handling aids and equipment design to main-
tenance operator workloads. (35)  Therefore, this 
could be the reason why the study resulted in a 
high score for physical activity index. 

According to Mardiyah and Sartika, (7), we 
know that a substantial correlation between bone 
density and physical activity. Besides, Dimyati (6) 

studied the relationship between physical activi-
ties with bone density. It confirmed that exercise 
could prevent bone erosion. Other studies sug-
gested that most adolescents and adults increase 
physical activity associated with bone density (36) 
The study also found that reductions the chance 
of falling among older adults. (37) Simple exercise 
such as walking can help build and maintain bone 
mass. (7) Lower back pain tends to occur in people 
who rarely do a physical activity by 80.04 times 
more significant than respondents who are active 
in applying it. (9)

The study shows the correlation between 
normal bone mass status among young male la-
bor who did not smoke (p<0.01). However, bone 

Table 4 Statistical Test Results of Smoking Habit and Physical Activity with Bone Mass

Test Statistics (a) Physical Activity Smoking Habit

Mann-Whitney U 461.50 345.00

Wilcoxon W 3311.50 3195.00

Z -2.09 -3.71

Asymp. Sig. (2-tailed) 0.04 0.00

a Grouping Variable: Bone Mass category



23

Rahmi Elviana, Lusi Susanti, Hilma Raimona Zadry|Aktivitas Fisik, Kebiasaan Merokok dan Massa Tulang

mass, physical activity, and smoking habit showed 
a significant association with age. Other studies 
suggested that most adolescents and adults who 
had a smoking habit associated with bone density. 
(38,39) This study shows an adverse influence on 
the smoking habit of bone mass among older sub-
jects (p<0.01). Lately, previous research has been 
confirmed that smoking habit has the adverse re-
sult of smoking among labors, while indicated by 
a reduction in bone density. An effect of smoking 
habit on bone mass occurs mainly in trabecular 
bone and influence with hormones, where ciga-
rettes produce significant anti-estrogenic effects 
among smoker women (40) whereas an increase in 
testosterone levels occurs in male smokers. (41-44) 
Based on the previous research, the smoking hab-
it was a factor affecting bone mass.

According to the dependent variable (bone 
mass), and age, body weight, BMI, physical activ-
ity level, and smoking habit as independent vari-
ables, shows the significant correlation between 
dependent and independent variables. All these 
variables explained a correlation (p<0.01) in the 
overall sample also low bone mass sample. Fur-
thermore, among the factors affected to bone 
mass in normal level, both BMI and body weight 
was associated with bone mass (p<0.01), and the 
other variables such as age,  physical activity and 
smoking habit associated with normal bone mass 
(p<0.05). It can cause the sample of normal bone 
mass is about 18 samples from the total respon-
dents, so if we add some data may affect the re-
sult. However, it shows that all variables correlat-
ed positively with all bone mass variation (p<0.05) 
of the studied subjects. 

Bodyweight, BMI, age, smoking, and phys-
ical activity explained from 0.47 to 0.55 of the 
bone mass variation of the studied subjects. The 
components of physical activity, smoking hab-
it, and body weight showed a moderate positive 
correlation across the studied groups. Compiling 
result from previous research, it shows that the 
immediate of bone loss has been published. (21) 
It is affected by different factors, such as lifestyle 
and hormonal. (21,28) This conclusion is confirmed 
by other research that there was a relationship be-
tween physical activity (6,7,9,39) and smoking habit 

affecting bone mass on male labors. (38,44) Further-
more, bone mass is correlated with the bodyweight 
which is obesity decreased the risk of osteoporosis 
and related to the low back pain risk factor. (45-47)

Conclusion
According to age, the results of the studied 

subjects showed a variation in the overall sample. 
Most studies confirmed that physical activity at 
a younger age seems to have an important pur-
pose in preventing bone loss in the elderly. (21) The 
results of the study that in early periods of age, 
exercise has a significant impact on bone improve-
ment and maintain bone health status or pre-
vent osteoporosis in adulthood, (32) This research 
found the highest proportions of low bone mass 
in young age. Also, immediate bone loss in young 
age affected by different factors, such as lifestyle 
and hormonal. (21-28)

The study confirms that physical activity 
was associated with normal bone mass status. 
This result indicates that smoking habit and phys-
ical activity were associated with the bone mass 
(p<0.05) of the male industrial workers. Physical 
activity can build bone mass and restrict bone loss, 
while smoking habit can reduce bone mass due to 
nicotine contained in cigarettes. In summary, this 
study confirmed that body weight, BMI, age, phys-
ical activity, and smoking habit were variables that 
correlate with bone mass status in young male in-
dustrial workers in Padang, West Sumatra. The 
most commonly complained pain by workers is 
musculoskeletal disorders or low back pain (34) if 
there is not an improvement of the work system, 
such as the work shift, work rotation, manual 
material handling aids and equipment design to 
maintenance operator workloads. (35)  

Decreased bone mass that occurs can cause 
injury to workers. The most commonly com-
plained pain by workers is musculoskeletal dis-
orders or low back pain. There are several injury 
preventions such as increasing food nutrition and 
improve the work system, by organizing the work 
shift, work rotation, manual material handling 
aids and equipment design to maintenance oper-
ator workloads. (35) 
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