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Abstract

Introduction and objective. Since the role of vitamin D is essential in numerous biological processes its deficiency was
suggested to be a risk factor for e.g. osteoporosis, musculoskeletal pain and spine pain. The purpose of the study was to
analyse whether serum vitamin D concentration is related to pain involving the motor system in Polish postmenopausal
women working in agriculture.
Material and methods. The study group consisted of 1,751 post-menopausal women, aged 45–65, at least 12 months
from the last menstrual period, living in rural areas and working in agriculture. The research method was self-assessment
of pain involving the motor system using VAS, laboratory test of serum vitamin D concentration and a medical interview.
Statistical methods included generalized linear models, analysis of variance, t test for two means in two independents, χ2
test of stochastic independence.
Results. Postmenopausal women working in agriculture and suffering from pain in at least one part of the motor system
were younger and lower educated, they also had higher abdominal obesity and lower serum vitamin D, compared to
those without pain in any part of the motor system. Decreased serum vitamin D concentration in postmenopausal women
working in agriculture is important from the aspect of a higher prevalence of pain in the thoracic spine and more severe
pain in the neck spine, but not for severity of pain in the lumbar spine; higher occurrence of pain in both hands or wrists;
higher prevalence and more severe pain in at least one knee; and no prevalence or severity of pain in the shoulders and
elbows.
Conclusion. Serum vitamin D concentration is important for the prevalence and severity of pain in the neck and thoracic
spine, knees and hands or wrists, but not for the lumbar spine, shoulders and elbows.
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INTRODUCTION
The role of vitamin D is essential not only in bone
metabolism but also in numerous biological processes.
Vitamin D deficiency was suggested to be a risk factor for
the development of many diseases, including osteoporosis,
musculoskeletal and spine pain. Vitamin D, produced both
in the skin and derived from the diet is hydroxylated in
the liver by one of several cytochrome P450 enzymes to
25-hydroxy Vitamin D (calcidiol, or 25-OHD) [1]. The
1α-hydroxylase enzyme is the main enzyme catalysing the
conversion of circulating 25-hydroxyvitamin D3 (25-OHD)
to 1,25-OHD, and is expressed predominantly in the kidneys
as well as in other tissues. The 1,25-OHD is involved in
the regulation of numerous genes responsible for cellular
proliferation, differentiation, apoptosis and angiogenesis
[2]. Serum 25-hydroxyvitamin D declines with age [3] and
vitamin D deficiency is thought to contribute to bone loss in
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women, especially after menopause. Deficiency of vitamin
D is typically found in the countries with insufficient sun
exposure during the winter months. In the study of Siddque
et al. [4], low levels of vitamin D were found in 81% of low
back pain patients. Similar results were demonstrated in a
study from Saudi Arabia; however, after treatment, 95% of
patients with low back pain showed significant improvement
in the serum concentrations of vitamin D [5].
In order to avoid spine pain, strengthening of the back
and musculoskeletal system by means of a special diet and
supplementation with vitamin D is fundamental. In patients
with chronic back pain from India, the supplementation of
vitamin D was increased from 12.8 ng/ml – 36.07 ng/ml and
may have led to a reduction in pain intensity [6].
Pain involving the motor system (neck, thoracic and
lumbar spine, shoulders, elbows, hands, wrists and knees)
is a serious medical problem. This is noteworthy especially
in postmenopausal women, since they are more exposed to
osteoporosis due to age and low oestrogen levels. Women
working in agriculture are additionally exposed to hard
physical work, resulting in spine overload and, in turn, pain.
In a large group of postmenopausal women, Grigorie et al. [7]
observed that in 83.49% the levels of vitamin D were lower
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than 30 ng/ml and in 60.97% lower than 20 ng/ml. Previously,
vitamin D deficiency was reported as the main determinant
of chronic lower back pain in Moroccan postmenopausal
women with the OR value equal to 2.5 [8].
The purpose of the study was to analyse whether serum
vitamin D concentration is related to pain involving the
motor system in Polish postmenopausal women working
in agriculture.
MATERIAL AND METHODS
Study group. The study was conducted in 2016 in Poland and
included 1,751 randomly-selected post-menopausal women,
living in rural areas and working in agriculture. The inclusion
criteria were: age 45–65 and at least 12 months from the last
menstrual period. The exclusion criteria were addiction to
drugs or/and alcohol, and a diagnosed disease entity with
the symptoms of dementia. The women were asked about
age, date of the last menstrual period, level of education,
body weight and height, waist and hips circumference, parity
and number of births. The total group of examined women
was divided into two subgroups, with and without pain,
according to the presence of pain involving at least one part
of their motor system.
Self-assessment of pain in the motor system. The women
assessed the presence and severity of pain in seven parts of
their motor system: three sections of spine: neck, thoracic
and lumbar, as well as in the shoulders, elbows, hands or
wrists and knees, and separate left and right sides of the
body. The severity of pain was assessed in the VAS (Visual
Analogue Scale) which ranged from 0 (no pain) to 10 (the
worst pain – unbearable). If both shoulders, elbows, hands
or wrists and knees were painful, the maximum severity of
the pain was used for analyses.
Laboratory test of serum vitamin D concentration.
Peripheral blood was collected from all the women for tests
in accredited laboratories of the concentrations of vitamin
D in the blood serum. Standard ranges of vitamin D were
as follows: deficit (<10 ng/ml), deficiency (10–20 ng/ml),
hypovitaminosis (20–30 ng/ml) and desirable (30–80 ng/ml).
The first three vitamin D ranges were combined into one
-‘below desirable’ for the selected analyzes.
Statistical analysis. The results were statistically analysed
by SAS System software. Mean values (M) with standard
deviations (SD) for continuous variables, and absolute (n) and
relative numbers (%) of occurrence of items for categorical
variables were estimated.
For characteristics, the t test for two means in two
independent samples was used to compare continuous
variables, and the χ2 test to compare categorical variables
between women with pain in at least one part of their motor
system and without pain in any part.
The χ2 test was used to compare the prevalence of pain
in particular parts of the motor system between the women
with vitamin D below the desirable level and with vitamin D
at the desirable level. F test analysis of variance was used to
compare the severity of pain in particular parts of the motor
system among the women with vitamin D in four groups:
deficit, insufficiency, hypovitaminosis and desirable.

Generalized linear models of vitamin D concentration
vs. prevalence and severity of pain in particular parts of
the motor system were also estimated in which a normal
distribution of vitamin D concentration and identity link
function was assumed. We estimated slope terms (b), i.e.
mean differences in vitamin D concentration between women
with and without pain in particular parts of the motor
system (in the first model), and mean change of vitamin D
concentration connected with one point change of severity
of pain in particular parts of the motor system (in the second
model), on average, ceteris paribus.
The value of p<0.05 is considered as a significant difference.
Informed consent for participation in the study was
obtained from the women. The study was approved by the
Ethics Committee at the Institute of Rural Medicine in
Lublin, Poland.
RESULTS
Characteristics of the study group. 1,751 post-menopausal
women working in agriculture were examined, of whom
1,327 (75.8%) suffered from pain involving at least one part
of the motor system, and 424 (24.2%) did not feel pain in
any part of the system.
The women suffering from pain involving at least one part
of the motor system were younger and lower-educated, they
also had higher abdominal obesity and lower serum vitamin
D concentration, compared to those without pain in any part
of the motor system. The BMI, age at the last menstruation,
parity and number of births were not significantly different
between the women with and without pain involving their
motor system (Tab.1).
Prevalence and severity of pain involving the motor system
vs. vitamin D groups. 2/3 of the examined women suffered
from pain involving at least one section of the spine, most
commonly in the lumbar part, less commonly in the cervical
part, and the least common in the thoracic part. Every third
of the examined women felt pain in at least one knee, every
fifth in at least one shoulder, and almost the same number
in at least one hand or wrist, and every tenth in at least one
elbow. If the examined women felt pain in the shoulders, it
was more commonly on one side of the body than two. If
they felt pain in the elbows, similarly, it was more usual on
one side of the body than two. If pain was experienced in the
hands or wrists and knees, it was more commonly on both
sides of the body than one.
The women with vitamin D level below the desirable
concentration more commonly suffered from pain in the
thoracic spine and both hands or wrists than those with
desirable vitamin D concentration (Tab. 2).
The examined women felt the most severe pain in the
lumbar spine, and the least in the elbows. Pain in the cervical
spine was significantly the most severe in the examined
women with a deficit of vitamin D, and the least severe in
those with the desirable serum concentration of vitamin D.
Pain in at least one knee was significantly more severe in the
examined women with a deficit of vitamin D than in the rest
of the woman (Tab. 3).
Vitamin D (ng/ml) vs. prevalence and severity of pain in
the motor system. The women who suffered from pain in at
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Table 1. Characteristics of the examined women
Total (N=1751)

Women with pain involving the motor system
(N=1327)

Women without pain Involving the motor system
(N=424)

p

Age (years), M±SD
45–49, n (%)
50–54
55–59
60–65

57.0±4.6
105 (6.0)
418 (23.9)
680 (38.8)
548 (31.3)

56.7±4.5
80 (6.0)
347 (26.2)
521 (39.3)
379 (28.6)

57.9±4.7
25 (5.9)
71 (16.8)
159 (37.5)
169 (39.9)

<0.001

Education level, n (%)
primary not completed or no education
primary
basic vocational
secondary
tertiary

34 (1.9)
337 (19.2)
657 (37.5)
673 (38.4)
50 (2.9)

20 (1.5)
233 (17.6)
489 (36.9)
540 (40.7)
45 (3.4)

14 (3.3)
104 (24.5)
168 (39.6)
133 (31.4)
5 (1.2)

BMI (kg/m2), M±SD
underweight, n (%)
normal
overweight
obese

29.7±5.4
8 (0.5)
329 (18.8)
666 (38.0)
748 (42.7)

29.6±5.4
4 (0.3)
258 (19.4)
498 (37.5)
567 (42.7)

29.7±5.2
4 (0.9)
71 (16.8)
168 (39.6)
181 (42.7)

WHR (%), M±SD
< 0.85, n (%)
≥ 0.85

87.2±6.9
669 (38.2)
1082 (61.8)

87.4±6.9
495 (37.3)
832 (62.7)

86.6±7.0
174 (41.0)
250 (59.0)

Characteristics

Age at last menstruation (years), M±SD

<0.001

0.850
0.448*

0.042

49.1±3.8

49.1±3.8

49.1±3.5

Menopause, n (%)
early (up to 45 years)
normal (46–55 years)
late (56+ years)

263 (18.1)
1179 (81.3)
9 (0.6)

210 (18.5)
920 (80.8)
8 (0.7)

53 (16.9)
259 (82.8)
1 (0.3)

Parity, n (%)
yes
no

1686 (97.1)
50 (2.9)

1280 (97.0)
39 (3.0)

406 (974)
11 (2.6)

0.734
0.218

Number of births, M±SD
Vitamin D concentration (ng/ml), M±SD
deficit (<10 ng/ml), n (%)
insufficiency (10–20 ng/ml)
hypovitaminosis (20–30 ng/ml)
desirable (30–80 ng/ml)

2.9±1.3

2.9±1.3

2.8±1.2

25.1±9.3
46 (2.6)
517 (29.5)
721 (41.2)
467 (26.7)

24.9±9.2
40 (3.0)
396 (29.8)
544 (41.0)
347 (26.2)

26.0±9.8
6 (1.4)
121 (28.5)
177 (41.8)
120 (28.3)

0.982

0.518*

0.033

p – Student t test for continuous variables or χ2 test for categorical variables.
* – tested without BMI underweight and late menopause due to small sample size.

Table 2. Prevalence of pain involving the motor system vs. vitamin D levels in the examined women
Part of the motor system

Spine

Shoulder/s

Elbow/s

Hand(s) /wrist(s)

Knee(s)

p – test χ2

Total (N=1751)

Vitamin D below desirable (N=1284)

Vitamin D desirable (N=467)

n (%)

n (%)

n (%)

at least one section

1161 (66.3)

850 (66.2)

311 (66.6)

Cervical

669 (38.2)

492 (38.3)

177 (37.9)

0.874

Thoracic

289 (16.5)

199 (15.5)

90 (19.3)

0.050
0.748

Section/number

Lumbar

941 (53.7)

693 (54.0)

248 (53.1)

at least one

358 (20.4)

262 (20.4)

96 (20.6)

only one

200 (11.4)

146 (11.4)

54 (11.6)

both

158 (9.0)

116 (9.0)

42 (9.0)

at least one

175 (10.0)

127 (9.9)

48 (10.3)

only one

87 (5.0)

57 (4.4)

30 (6.4)

both

88 (5.0)

70 (5.5)

18 (3.9)

at least one

318 (18.2)

243 (18.9)

77 (16.1)

only one

129 (7.4)

89 (6.9)

40 (8.6)

both

189 (10.8)

154 (12.0)

37 (7.5)
138 (29.6)

at least one

559 (31.9)

421 (33.8)

only one

258 (14.7)

195 (15.2)

63 (13.5)

both

301 (17.2)

226 (17.6)

75 (16.1)

p
0.877

0.993

0.108

0.018

0.434
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Table 3. Severity of pain in the motor system vs. vitamin D levels in the
examined women
Vitamin D
Total

Part of the
motor system

deficit

deficiency

hypo
desirable
vitaminosis

p

Severity of pain (M±SD)
Cervical spine

5.5±2.0 5.9±2.1

5.4±1.9

5.8±2.1

5.3±1.9

0.050

Thoracic spine

5.5±2.1 4.0±2.4

5.7±2.0

5.6±2.1

5.2±2.0

0.223

Lumbar spine

6.0±2.1 6.2±2.2

5.9±2.1

6.0±2.1

5.9±2.0

0.725

Shoulder(s)i*

5.8±2.2 6.0±2.2

5.8±2.1

6.0±2.1

5.6±2.4

0.675

Elbow/(s)*

5.3±2.1 4.3±0.6

5.2±1.8

5.6±2.2

5.5±2.2

0.500

Hand (s)/
wrist(s)*

5.7±2.1 5.3±1.1

5.6±2.3

5.7±2.1

5.8±2.1

0.930

Knee (s)*

5.7±2.1 6.9±2.0

5.8±2.1

5.5±2.1

5.6±2.2

0.050

* – If the pain occurred on both sides, max. severity was applied; p – test F analysis of variance.

least one knee had lower serum vitamin D concentration than
those without pain in any knee. The women who suffered
from pain in the cervical spine had higher serum vitamin D
concentration than those without pain in that region (Tab. 4).
Table 4. Vitamin D (ng/ml) vs. prevalence and severity of pain in the
motor system of the examined women
Part of the motor
system

Vitamin D (ng/ml)
vs. prevalence of pain (yes vs. no)

Vitamin D (ng/ml)
vs. severity of pain

b

p

b

p

0.08

0.956

-0.07

0.701

Thoracic spine

1.60

0.008

-0.22

0.429

Lumbar spine

-0.61

0.172

-0.16

0.272

Shoulder (s) *

-0.18

0.750

-0.03

0.881

Elbow(s) *

-0.39

0.602

0.02

0.950

Hand (s) wrist (s) *

-0.85

0.144

0.06

0.791

Knee(s) *

-0.98

0.041

-0.27

0.139

Cervical spine

* at least one; b – slope term

The women who suffered from pain in both hands or wrists
had significantly lower serum vitamin D concentration than
those with one painful hand or wrist. and those without any
painful hand or wrist (Fig. 1).

Figure 1. Vitamin D (ng/ml) vs. number of painful parts of the motor system of
the examined women
p – test F analysis of variance

DISCUSSION
The decreased bone mass, sarcopenia or spine fractures are the
most common causes of lower back pain in postmenopausal
women. Previously, vitamin D deficiency was suggested to
be related with all these disorders. Vitamin D also shows
anti-inflammatory properties, which can be lost when its

level decreases and, in turn, musculoskeletal pain may occur
[9, 10, 11].
In the presented study, postmenopausal women from rural
areas in Poland suffering from pain involving at least one
part of the motor system were significantly younger and
lower-educated, compared to the women without pain. The
mean WHR ratio was higher in the analysed women with
pain than in the women without pain (87.4 vs. 86.6). In
addition, it was demonstrated that there was a lower level of
vitamin D level in the women with pain, compared to those
without any pain (24.9ng/ml vs. 26.0ng/ml). This finding
is in accordance with the earlier results of Lodh et al. [12]
in which the patients (women were the vast majority) with
back pain had a significantly lower concentration of vitamin
D, compared to healthy volunteers. In a study of Brazilian
postmenopausal women, the majority of women with vitamin
D deficiency did not experience any back pain (69.5 vs. 66.9%),
greater limitation of daily activities, nor any fractures when
compared to the women without D hypovitaminosis D [10].
In the population of Malaysia, the median concentration
of vitamin D in the rural women was significantly higher
compared to the urban women (69.5nmol/L vs. 31.9nmol/L)
[13]. This difference may be due to the fact that rural women
are exposed to the sunlight to a greater degree than urban
women. In the study by Nurbazlin et al. [13], the time of
exposure to sunlight was mote than 2-fold longer for rural
women than for women living in the city. Significantly higher
levels of vitamin D in rural adults from India were observed
when compared to urban adults, in both male and female
groups [14]. The intensity of sunlight, depending on the
latitude, influences the synthesis of vitamin D in the body.
In a study of farming families in Denmark, farmers and their
male children had the highest exposure to sun light during
the summer [15], whereas the levels of vitamin D did not differ
between family members. However, at the end of the summer,
16% of the participants had an insufficient vitamin D level,
and during the winter – 61% [15]. Another study confirming
the lower vitamin D level in rural women than in urban
women was performed on Spanish postmenopausal women
[16]. The authors also observed lower values of bone mineral
density (BMD) in the lumbar spine, and a higher occurrence
of spine fractures in rural women than in those from the
city. On the other hand, in the study by Afsar et al. [17]
analysing levels of vitamin D in patients with low back pain,
menopausal women had higher vitamin D concentrations
than those at reproductive age. To the contrary, Thörneby
et al. [18] found no correlation in vitamin D levels between
patients with chronic low back pain and controls. These
results should be treated with caution, however, because of
the small groups analysed.
In the presented study, on analysing the impact of vitamin
D on the prevalence of pain, its important effect on the
thoracic spine as well as knees, was demonstrated. The
women with pain in at least one knee had a lower serum
vitamin D level than those without knee pain. Earlier studies
showed a relationship between the serum vitamin D levels
in postmenopausal women with osteoporosis, as well as
knee extension strength and its functional capacity [19],
since vitamin D may influence neuromuscular transmission.
Surprisingly, in the analysed group of women in the current
study, no relationship was found between BMI and pain in
the musculoskeletal system. The women with pain had a
comparable BMI to those without pain.
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Taking into consideration the results of this study, reports
from other studies as well as the fact that in Poland, between
November and March there is insufficient amount of sunshine
for vitamin D synthesis, its supplementation seems to be
justified in all the age groups, especially in postmenopausal
women. According to Holick et al. [20], several minutes of
exposure to sunlight three times per week, a better dietary
regime and vitamin D supplementation, may guarantee
a sufficient level. Older women with osteoporosis taking
vitamin D supplements have increased muscle strength [21].
Analysis of a large cohort of agrarian postmenopausal women
from Nebraska, USA, showed that women using vitamin D
supplements, had one-sixth chance of the vitamin D value
below the reference limit than those not using supplements
[22]. However, interestingly, the previous data concerning
the impact of calcium and vitamin D supplementation on
BMD showed that supplementation with calcium had more
success in reducing the rate of BMD loss from the total hip
in women than supplementation with 25-OHD3. The effect
of calcium, however, was greater when the serum vitamin
D levels were lower [23]. Cooper et al. [24] reported that the
change in BMD in early postmenopausal women did not
differ significantly between women taking calcium alone and
those taking calcium and vitamin D2 supplements together.
In conclusion, vitamin D is important for the presence and
severity of pain involving the neck and thoracic spine, knees,
hands or wrists, but not for the lumbar spine, shoulders and
elbows.
CONCLUSIONS
1) Postmenopausal women working in agriculture and
suffering from pain involving at least one part of the motor
system are younger and lower educated, they also have
higher abdominal obesity and lower serum vitamin D
concentration, compared to those without pain in any
part of the motor system.
2) Decreased serum vitamin D concentration in postmeno
pausal women working in agriculture is significant for:
a) higher prevalence of pain in the thoracic spine and more
severe pain in the cervical spine, but neither prevalence
nor severity of pain in the lumbar spine;
b) higher prevalence of pain in both hands or wrists;
c) higher prevalence and more severe pain in at least one
knee;
d) neither prevalence nor severity of pain in the shoulders
and elbows.
3) Knowledge of proper vitamin D supplementation should
be promoted among postmenopausal women.
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