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Abstract

Osteoporosis is a chronic bone disease characterized by the loss in bone
density and modification in bone structure. These changes will increase bone
fragility and the risk of fracture particularly among postmenopausal women.
The purpose of this study is to explore the possible association between
nutrient intake and the risk of suffering from osteoporosis in postmenopausal
women who have recently been diagnosed with osteoporosis. A case-control
study was designed to determine nutrients intake, as well as dietary and
lifestyle patterns. One hundred patients who were newly diagnosed with
osteoporosis, and 100 osteoporosis-free controls Jordanian postmenopausal
women were enrolled in this study. The ratio of case to controls is 1:1. Several
macro and micronutrients were identified as having a protective effect on the
risk of osteoporosis. The intake of carbohydrates, vitamin B6 and phosphorus
was associated with lower risk of osteoporosis in all quartiles. Moreover,
Fiber, iron, magnesium, potassium, and zinc are protective in the third and
fourth quartiles. A significant protective effect of fats, monounsaturated fats,
and vitamins C consumption was detected in the fourth quartile. The present
results suggest that a poor diet and a lack of a healthy lifestyle do have
significant effects on the development of osteoporosis in postmenopausal
women.
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Introduction

Osteoporosis is a health condition that weakens
bones, making them fragile and more likely
to break.' Fractures caused by osteoporosis
can lead to complications such as long-term
disability, a reduced quality of life-related to health,
and increased mortality. The majority of osteoporosis-
related fractures occur in postmenopausal women.?
Several studies have been conducted in Middle East
countries including Jordan where the prevalence
of osteoporosis was13% among women over 40
years according to the WHO criteria.® Increased age,
being female, postmenopausal status, reduced
exposure to sunlight, hypogonadism or early ovarian
failure, low body mass, racial history, rheumatoid
arthritis, low bone mineral density (BMD), inadequate
vitamin D consumption, low calcium, hypercyphosis,
current smoking, substance misuse, immobilization
and long-term use of certain drugs are all triggers
of osteoporosis.’

A poor diet may play a role in the development
of osteoporosis; thus, a nutrition focus is placed
on macro and micronutrient intake.* Previous
studies on macronutrient intake revealed that there
is a negative effect of high protein intake on bone
density and greater risk on hip fracture and femoral
neck,® however more recent studies suggest the
opposite. Current studies report that bone wellbeing
also requires protein absorption and that around
50% of bone volume is composed of proteins
and about a third of bone mass. Therefore, as
mineralization occurs, proteins are incorporated
into the organic bone matrix in the collagen
structure, which suggest that protein is a key
nutrient for bone formation.® In addition, calcium and
vitamin D are important micronutrients in preventing
osteoporosis as they are part of the bone mineral
matrix and are essential for bone strength.®
Vitamin D deficiency can exacerbate osteoporosis
in elderly or postmenopausal women so in order
to optimize the effectiveness of antiosteoporotic
medications, sufficient concentrations
of 25-hydroxyvitamin D (25(OH)D) are required.”
Therefore, adequate intake of calcium and vitamin D
is necessary for the growth of bone and preservation
of bone density, which effectively reduces the risk
of hip fracture in osteoporotic patients and diminishes
the risk of falls in older adults. Phosphorus (P) is
another critical element for human health and has
several biochemical purposes, such as structural

functions. Phosphorus is one of the most important
components of cell membranes, nucleic acid
sugar-phosphate, and hydroxyapatite in bones and
teeth.® Other micronutrients such as potassium
and magnesium, also play a significant role in
the protection of bones.® Magnesium stimulates
a proliferation of osteoblast; thus, a lack
of magnesium is also associated with a decreased
formation of bone.'® Magnesium is also required
in order to activate vitamin D, as most vitamin D
enzymes require magnesium." Previous studies
show that low intakes of magnesium in older subjects
contribute to an over release of calcium from the
body, further exacerbating bone fragility and raising
the risk of bone fractures and falls.’? Apart from its
proven function in blood coagulation, multiple studies
have also shown that vitamin K plays a vital role in
bone health. Vitamin K is necessary for osteocalcin
carboxylation, which controls the accretion
of bone minerals. Vitamin K also appears to facilitate
osteocalcin transformations into osteocytes and
restricts osteoclastogenesis.™

In addition to nutrient intake, lifestyle factors can
also contribute to the development of osteoporosis
in postmenopausal women. This includes increased
physical activity (PA) levels that have shown
a positive correlation with improved health and
quality of life.'* Although the exact mechanism of
osteogenesis through PA and exercise has yet to
be thoroughly clarified because of the difficulties
in testing in vivo cellular bone reactions, the
process is likely to trigger anabolic or homeostatic
effects in bone via mechanical translation.'®
Another modifiable lifestyle factor is smoking.
Smoking is one of the most significant wellbeing risk
factors and previous studies show that smoking is
an independent risk factor for low BMD. "¢ In addition,
previous research has shown that increased BMI
protects the bone density, and people with mild
overweight have increased BMD levels, suggesting
that BMI and gain in weight can be correlated with
BMD."” More specifically, increased body weight
was found to interact with the effect of endocrine
modifications that can directly or indirectly affect the
bone metabolism."® Particularly, low body weight or
BMI are vulnerable to accelerated bone loss and
low bone mass in postmenopausal female females,
which are shown to play a key role in pathogenesis
of osteoporosis.'®
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Osteoporosis is a significant public health issue
for the elderly population. Around the globe, 8.9
million fractures occur annually, culminating in
an osteoporotic fracture every three seconds.
Postmenopausal osteoporosis is a growing disorder
for elderly women as the world’s demographic
faces a pronounced aging of the population.?®
Up to the authors' knowledge, few studies have been
conducted about osteoporosis in postmenopausal
women in Jordan. However, no single study has
investigated the association of nutrient intake with
osteoporosis among postmenopausal women.
Therefore, the present study investigated the
association between macro and micronutrient intake
and therisk of developing osteoporosis among newly
diagnosed Jordanian postmenopausal women.

Materials and Methods

Study Design a Sample Recruitment

A case-control study was designed to determine
nutrient intake as risk factors for osteoporosis in a
sample of Jordanian postmenopausal women. In this
study, a sample of 200 Jordanian postmenopausal
women was enrolled. Of those 200 participants,
100 were recently diagnosed (up to 3 months) with
osteoporosis and 100 controls with no previous
history of osteoporosis. Cases and controls were
visitors from the Jordan University Hospital and the
Jordanian Osteoporosis Prevention Society (JOPS).
The case to control ratio was one to one (1:1) and
were matched based on age. The inclusion criteria
for cases were females who were newly diagnosed
with osteoporosis, postmenopausal women who
were 50 years or older, and Jordanian nationals. For
controls, non-osteoporotic Jordanian women who
were 50 years or older were included in this study.
The exclusion criteria for both cases and controls
include a previous history of osteoporosis treatment
(e.g. osteoporosis medication and hormone
replacement therapy), menopause hormone use,
and metabolism disorders or autoimmune disease
(e.g. diabetes mellitus, thyroid disease, chronic
or severe liver disease, chronic renal failure, and
malignancy).

Setting

Data collection for all participants was conducted in
a hospital setting. The University of Jordan Hospital
was chosen as the location for this study as it is well-
equipped for services for osteoporosis patients in this
study (IRB approval No. 2019/287). In addition, the

Jordanian Osteoporosis Prevention Society (JOPS)
served as another location to enroll osteoporosis
cases. Eligible cases who were selected from JOPS
were then invited to participate in the study. Once
enrolled, participants were assigned to a specific
laboratory to give their blood sample, completed
questionnaires, and had their bone mineral density
measured. A private room in good physical condition
was used to conduct interviews. Additionally, a
consent form was obtained to inform participants
of potential study risks and outcomes. During each
interview conducted with participants, a study team
member explained the purpose of the study and
allowed participants to read the formal consent form
before participation. Further, potential risks and
benefits were explained in detail of the minimal risk
study participation.

Instruments and Tools

Personal Information Sheet

This sheet is composed of demographic and
anthropometric questions. This includes questions
related to age, sex, marital status, education,
employment, anthropometric measurements
(weight, height, waist circumference), family income/
month, smoking status, duration of breastfeeding
previous, and current health problems.

Dietary Assessment

Arabic Food Frequency Questionnaire (FFQ),
which has been developed and tested previously for
reproducibility and validity,?? was used to determine
the nutrients associated with the risk of osteoporosis.
The FFQ questions track the information on
the dietary history of study participants before
osteoporosis diagnosis and assess the dietary
habits of control participants. Data was collected
during a face-to-face interview. Usual food intake
was measured by“how frequently” and“onaverage”,
participants consumed one standard serving
of specific food items in nine categories
(<1/month, 2-3/month, 1-2/week, 3—4/week, 5-6/
week, 1/day, 2-3/day, 4-5/day, or 6/day). Food lists
in the modified FFQ questions were classified based
on types of foods: 21 items of fruits and juices; 21
items of vegetables,eight items of cereals,nine items
of milk and dairy products, four items of beans,16
items of meat such as red meat (lamb and beef),
chicken, fish, cold meat, and others; four items
of soups and sauces, five items of drinks, nine
items of snacks and sweets, and 14 items of herbs
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and spices?? For better portion size estimates,
food models and standard measuring tools were
used. Dietary intakes were analyzed using dietary
analysis software (ESHA Food Processor SQL
version 10.1.1; ESHA, Salem, OR, USA) with
additional data on foods consumed in Jordan.

Bone Mineral Density Scan

A portable hand-held ultrasound bone densitometer
(FURUNO CM-200 light) was used to measure BMD.
This instrument was also usedin previous studies
by Basheer et al. to investigate the relationship
between vitamin D and BMD among coeliac patients.
This instrument works by the transfer of precise
ultrasound waves by the foot to assess BMD.%
The machine then prints out a report with a T-score
and is known for its high accuracy, easy to use
nature, and a short turnover time.

Physical Activity Level

The 7-day Physical Activity Recall (PAR), developed
by Sallis et al. was used to measure physical activity
level.? The 7-Day PAR is a structured interview
dependent on a participant's recall of the amount
of time spent on physical activity over the course of
seven days.? Participants are asked to respond to
PAR questions according to the way they used to
behave before their osteoporosis diagnosis.

Anthropometric Measurements

body weight and height were measured according to
the methods by Lee & Nieman.?* Body mass index
(BMI) was calculated by take the ratio of weight in
kilograms to the square of height in meters?

Biochemical Analysis

Non-fasting blood samples were drawn from all
participants in a lab to determine 25-hydroxy vitamin
D (25-OH vitamin D) levels.This was done by
collecting at least three milliliters (ml) of blood from
each participant by a lab technician. Technicians
used a three ml syringe and a plain tube with gel and
then ran the sample through a centrifugation system.
Blood samples were then transported to another lab
to determine the serum vitamin D concentrations.
Serum vitamin D concentrations were determined
using chemiluminescent immunoassay (LIAISON
XL, Italy) which has been shown to be an accurate
and sensitive measure of vitamin D concentration.
Serum vitamin D concentrations were classified
using the following cut-points: deficient (<20 ng/ml),

insufficient (20-29 ng/ml) and sufficient or normal
(=30 ng/ml). All lab tests for this study were financed
by the University of Jordan.

Statistical Analysis

Descriptive analyses were conducted to examine
the frequency of different variables. A chi-square
test was conducted to detect differences among
the categorical variables. Further, t-test’s were
used to find the difference between continuous
variables of cases and controls and are presented
as MeantSD. A logistic regression was used to
calculate odds ratios (OR), confidence intervals
(Cl), and determine p-values for covariates.
In our linear regression model, we controlled for
the following variables: age, BMI, physical activity
level, total energy intake, number of pregnancies
and lactation, health problems, smoking, education
level, marital status, and history of osteoporosis.?
The significance level was set at p<0.05.
All statistical analyses were conducted using SPSS
version 20.0 (IBM SPSS Statistics for Windows, IBM
Corporation) (SPSS, 1., 2011).

Results

This study includes 200 Jordanian postmenopausal
women ranging from 50-85 years old. Of these
200 women, 100 were recently diagnosed with
osteoporosis (cases) and 100 were non-osteoporotic
(controls). Table 1 displays the general characteristics
of the study participants. In our sample, a little over
80% of cases report being married at the time
of enrollment while around 75% of controls are
married.Reported education level was similar in both
groups with 31% of cases and 26% of controls witha
primary level of marriage and 40% of cases and 35%
of controls completed at least a high school
education. Ninety-one percent of cases and 88%
of controls are non-smokers, however 2% of
cases and 7% of controls report smokinghookah.
The BMI status of the women in our sampleare
mostly between overweight (34%, 45%) and obese
(47%, 34%). The stated physical activity intensity
was mainlycaptured as“minimally active”, due to the
high age of the study population. Therefore, roughly
17% of cases and 24% of controls reported regular
a level of health-enhancing physical activity.

In addition, we found significant differences between
cases and controls in height (158.8+6.2 for cases,
161.045.6 for controls, P = 0.012) and bone density
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T-score (-2.6+0.40 for cases, -0.9+0.60 for controls,  age, BMI, weight, serum vitamin D levels, physical
P = 0.001) (Table 1.). However, no significant  activity, smoking and duration of breastfeeding.
differences were found in other parameters such as

Table 1: Socio-demographic, lifestyle, anthropometric and biochemical
characteristics of the study participants

Variables Cases n=100 Controls n=100 P- Value
n (%)

Age (years)

(50-60) yr. 70(70) 77(77)

(60-70) yr. 26(26) 16(16) 0.550
>70 yr. 4(4) 7(7)

Marital Status

Married 81(81) 77(77)

Single 6(6) 1(1) 0.206
Divorced 3(3) 6(6)

Widow 10(10) 16(16)

Educational Level

llliterate 12(12) 5(5)

Primary 31(31) 26(26)

High school 40(40) 35(35)

Diploma 13(13) 18(18) 0.002
Bachelor 4(4) 16(16)

Master 0(0) 0(0)

Work Status

Employee 15(15) 7(7)

Unemployed 85(85) 93(93) 0.020
Smoking

Non-smoker 91(91) 88(88)

Smoker 9(9) 12(12) 0.491
Argeala

Non-smoker 98(98) 93(93) 0.089
Smoker 2(2) 7(7)

Sleeping Hours Weekday

Short (4-6) 55(55) 43(43)

Moderate (6-8) 42(42) 53(53) 0.085
Long (8-12) 3(3) 4(4)

Sleeping Hours Weekend

Short (4-6) 6(6) 12(12)

Moderate (6-8) 89(89) 76(76) 0.453
Long (8-12) 5(5) 12(12)

BMI

Underweight 1(1) 0(0)

Normal 18(18) 21(21)

Overweight 34(34) 45(45) 0.196
Obese 47(47) 34(34)

Physical Activity
Inactive 0(0) 0(0)
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Minimally active 83(83) 76(76) 0.222
HEPA active 17(17) 24(24)

Family History of Osteoporosis

Yes 31(31) 14(14)

No 40(40) 55(55) 0.258
Don’t know 29(29) 31(31)

Mean*SD P-Value

Age (Yr.) 56.5+6.5 55.9+7.3 0.550
Height (Cm) 158.816.2 161.04+5.6 0.012
Weight (Kg) 75.2+14.6 74.5+11.9 0.708
BMI (kg/m?) 29.7+5.4 28.8+4.6 0.196
Bone Density (T-score) -2.61£0.40 -0.9+0.60 0.001
Physical Activity (MET/Week) 2451.9+671.2 2503.5+776.3 0.222
Number of cigarettes per day  0.94+3.5 1.7£5.2 0.190
Years of smoking 1.746.3 2.4+7.3 0.470
Argeala per day 0.04+0.24 0.15+0.73 0.089
Duration of breastfeeding 12.1+7.9 11.2+7.2 0.393

(month)

Abbreviations: HEPA, Health enhancing physical activity BMI, body mass index.

P-value was set as less than 0.05

Table 2shows the dietary characteristics of the
study population. Wefound a significant difference
between cases and controls in the skipped meals.
Regarding breakfast, 25% of cases and 21%
of controls report skipping breakfast, while 12%
of cases and 2% of controls skip lunch, and 38%
of cases and 49% of controls skip dinner (P = 0.009).

Additionally, we observe significant differences in
vitamin or mineralsupplementswith 77% of cases
and 58% of controls reported consuming vitamins
and/or minerals (P=0.004). Moreover, vitamin D
supplement intake is significantlydifferent between
cases and controls (P=0.002) as well as doses and
years consumed (P< 0.05).

Table 2: Dietary characteristics of the study participants (N=200; cases = 100, controls = 100)

Variables Cases n(%) Controls n(%) P-Value
Number of Main Meals Per Day

One meal 4(4) 1(1)

Two meals 76(76) 73(73) 0.332
Three meals 20(20) 25(25)

More than three meals 0(0) 1(1)

Skipped Meals Per Day

No meals skipped 21(21) 24(41)

Breakfast 25(25) 21(21)

Lunch 12(12) 2(2)

Dinner 38(38) 49(49) 0.009
Breakfast and lunch 0(0) 2(2)

Breakfast and dinner 4(4) 0(0)

Lunch and dinner 0(0) 2(2)

Number of Snacks Per Day

One snack 37(37) 37(37)
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Two snacks

Three Snacks

More than three snacks
Does not take snacks
Number of Meal Eaten Out of Home
Does not eat out of home
Less than one time per month
1-3 times per month

4-6 times per week

Daily Water Amount

(1-3) Cups

(3-5) Cups

More than 5 Cups

Don’t know

Breastfeeding

Yes

No

Vitamins or Minerals Supplements
Yes

No

Vitamin C Supplement
Never

Less than once per month
1-3 times per month

1-3 times per week

4-6 times per week
Everyday

Vitamin C Supplement Dose
Never

Less than 500 mg

500-999 mg

1000-1499 mg

1500-1999 mg

2000 mg or more

Don’t know

Years Consuming Vitamin C Supplement
Never

Less than one year

1-4 years

5-9 years

10 years or more

Calcium Supplement
Never

Less than once per month
1-3 times per month

1-3 times per week

4-6 times per week
Everyday

Calcium Supplement Dose
Never

Less than 500 mg

38(38)
8(8)
2(2)
15(15)

54(54)
31(31)
14(14)
1(1)

17(17)
44(44)
26(26)
13(13)

81(81)
19(19)

77(77)
23(23)

68(68)
7(7)
47)
4(4)
1(1)
16(16)

68(68)
12(12)

38(38)
13(13)
3(3)
9(9)

40(40)
47(47)
13(13)
0(0)

13(13)
30(30)
42(42)
15(15)

80(80)
20(20)

58(58)
42(42)

85(85)
10(10)
3(3)

0(0)
0(0)
2(2)

74(74)
8(8)
6(6)
1(1)
0(0)
1(11)

74(74)
6(6)

0.563

0.094

0.069

0.858

0.004

0.110

0.289

0.398

0.487

119
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500-599 mg 3(3)
600-999 mg 2(2)
1000 mg or more 2(2)
Don’t know 13(13)
Years Consuming Calcium Supplement

Never 68(68)
Less than one year 22(22)
1-4 years 6(6)
5-9 years 4(4)
10 years or more 0(0)
Vitamin D Supplement

Never 91(91)
Less than once per month 0(0)
1-3 times per month 2(2)
1-3 times per week 1(1)
4-6 times per week 0(0)
Everyday 6(6)
Vitamin D Supplement Dose

Never 91(91)
1000 IU 4(4)
5000 U 3(3)
50000 IU 2(2)
Years Consuming Vitamin D Supplement

Never 91(91)
Less than one year 4(4)
1-4 years 5(5)
5-9 years 0(0)
10 years or more 0(0)
Vitamin B6 Supplement

Yes 6(6)
No 94(94)
Vitamin B Complex Supplement

Yes 2(2)
No 98(98)
Fish Qil

Yes 9(9)
No 91(91)
Iron

Yes 11(11)
No 89(89)

120

0) 0.189

0.045

75(75)
0(0)
16(16)
4(4)
0(0)
5(5)

0.002

75(75)
2(2)
5(5)
18(18)

0.001

75(75)
8(8)
15(15)
0(0)
2(2)

0.020

2(2)
98(98)

0.149

8(8) 0.052

92(92)

9(9)
91(91)

1.000

14(14)
86(86)

0.521

Data are presented as the number of participants with the percentages given in parentheses. Chi-square

was used to
statistically significant at P<0.05.

Further, Table 3 summarizes daily intakes of macro
and micronutrients of the study population. The
control group shows a significantly higher intake
of energy from fats (P = 0.037), carbohydrates
(P =0.001), fibers (P = 0.001), sugars (P = 0.001),
monounsaturated fat (P = 0.022), and water

find the statistical differences between the two groups, and the difference was considered

(P =0.009) compared to cases. However, the case
group shows a significantly higher intake of caffeine
(P =0.029). Additionally, this group has a significantly
higher intake of vitaminA (P = 0.001), 3-carotene
(P =0.014), B6 (P = 0.009), vitamin C (P = 0.024),
and vitamin E (P = 0.019). For mineral intake, cases
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had a significantly higher intake ofcopper (P =0.049), (P = 0.001), phosphorus (P = 0.001), potassium
iodine (P = 0.006), iron (P = 0.001), magnesium (P =0.001), and zinc (P = 0.036).

Table 3: Adjusted macro and micronutrient intake of study participants (N=200;
cases =100, controls = 100)

Energy and Adjusted Macronutrients Cases Controls p-value
MeantSD Mean+SD
Energy(Kcal) 1379.24759.0 1533.74755.3 0.457
Fat calories 473.12+.12 507.4+.10 0.037
Saturated fat calories 109.3+.14 112.1+.18 0.914
Protein(g) 48.3+.12 52.6+.13 0.080
Carbohydrates(g) 181.02+.09 208.8+.07 0.001
Fiber(g) 11.8+.16 14.3+£.13 0.001
Soluble fiber(g) 1.3+.22 1.3+.17 0.651
Sugar(g) 54.7+.21 67.2+.21 0.001
Other carbohydrate(g) 74.4+.15 77.0+.20 0.804
Fat(g) 52.8+.12 56.7+.10 0.036
Saturated Fat(g) 12.1+£.14 12.4+.18 0.928
Monounsaturated Fat(g) 11.8+.14 13.3+.17 0.022
Polyunsaturated Fat(g) 6.9+.15 7.9+.26 0.566
Trans-Fat(g) 1.1+.39 1.0+.49 0.296
Cholesterol (mg) 123.5+.25 133.4+.25 0.315
Water(ml) 800.8+.27 929.2+.18 0.009
Omega-3(g) .33+.26 .35+.24 0.212
Omega-6(g) 3.2+.16 3.5+.21 0.633
Caffeine (mg) 60.7+.44 46.9+.39 0.029
Adjusted Micronutrients
Vitamin A (RAE) 334.3+.23 929.2+.17 0.001
Retinol (RE) 199.7+.26 256.9+.34 0.569
3-carotene (ug) 969.3+.30 1338.4+.33 0.014
Vitamin B1(mg) 1.0+.14 1.1+.28 0.747
Vitamin B2 (mg) 1.1+.20 1.2+.25 0.166
Vitamin B3(mg) 10.7+.16 11.5+.14 0.154
Vitamin B6(mg) .62+.26 .80+.29 0.009
Vitamin B12 (ug) 1.3+.24 1.6+.30 0.488
Vitamin C (mg) 73.6+.27 93.4+.27 0.024
Vitamin D (ug) .39+.42 .54+.51 0.691
Vitamin E-a-Tocopherol (mg) 3.2+.29 3.8+.18 0.019
Folate (ug) 226.1+.13 250.2+.17 0.203
Folic acid (ug) 273.6+.16 306.1+.19 0.127
Vitamin K (ug) 101.5+.40 108.0+.50 0.451
Calcium (mg) 505.3+.15 546.1+.15 0.346
Copper (mg) .52+.22 .63+.26 0.049
Fluorine (mg) .53+.65 .38+.59 0.405
lodine (ug) 29.2+.25 36.9+.23 0.006
Iron (mg) 8.8+.12 10.4+.12 0.001
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Magnesium (mg)
Phosphors (mg)
Potassium (mg)
Selenium (mcg)
Sodium (mg)
Zinc (mg)

Nutr Food Sci Jour., Vol. 10(1) 113-128 (2022) 122
119.1+£.13 138.5+.12 0.001
527.7+.09 605.7+.12 0.001
1403.9+.16 1752.5+.12 0.001
41.8+.18 44.6+.18 0.246
1680.4+.15 2030.0+.22 0.058

3.3+.12 3.7+.14 0.032

Data are given as the mean + SD

Independent t-test was used to detect the statistically differences between the two groups and are considered

statistically significant at P < 0.05.

We calculated ORs and their corresponding
Cl for nutrient intake of our study sample. In
Table 4, we summarize that the odds of carbohydrates
[Q2: OR 0.226, 95% CIl (0.082-0.621)];
[@Q3: OR 0.040, 95% CI (0.013-0.123)];
[Q4: OR 0.052, 95% CI (0.017-0.158)], vitamin
B6 [Q2: OR 0.136, 95% CI (0.044-0.422)];
[Q3: OR 0.082, 95% CIl (0.024-0.279)];
[Q4: OR 0.126, 95% CI (0.034-0.459)], and
phosphorus [Q2: OR 0.232, 95%CI (0.089-
0.602)]; [Q3: OR 0.147, 95%CI (0.055-0.394)];
[Q4: OR 0.176, (0.068-0.454)], show a protective
effect at all quartiles. Moreover, fiber, iron,
magnesium, phosphorus, potassium, and zinc are
protective in the third and fourth quartiles. In addition,
we see a significant protective effect amongfats,
monounsaturated fats, and vitamin C in the fourth
quartile while vitamin E shows a protective effect in
the second quartile. On the other hand, we see a
significant risk effect in the caffeine at the second and
third quartiles [Q2: OR 3.011, 95% CI (1.229-7.376)];
[Q3: OR 2.975, 95% CI (1.192-7.426)]

Discussion

The aim of this study was to identify the association
of nutrient intake and risk of osteoporosis among
Jordanian postmenopausal women who are 50
years or older. Data in this case-control study
suggests that there was a significant association
between the risk of osteoporosis and nutrient intake
as well as some modifiable lifestyle factors. We
used data on macro and micronutrient intake, daily
physical activity, and some biochemical measures to
determine the probability of developing osteoporosis
in postmenopausal women.

In our study, we found that there are significant
differences in educational status. Four percent of
osteoporotic women and 16% of non-osteoporotic
completed up to thebachelor’s level. Previous studies

revealedthat a high education level is associated with
better BMD and a lower prevalence of osteoporosis
in Chinese postmenopausal women.?® Furthermore,
another study reported a connection between
educational levels and the risk of hip fracture in
non-Hispanic ambulatory white males.?”

The main findings from our anthropometric measures
shows a significant difference in height between
osteoporotic and control groups. Similarly, another
study reports that an adult’s height is associated
with several risk diseases including hip fractures.?®
Compston et al. (2017) illustrated that a higher height
is a risk factor for osteoporosis asthey found that
a higher height can increase the risk of fractures,
including a greater fall impact, and increased cortical
porosity.?°

Furthermore, our analysis found that serum vitamin
D and osteoporosis have no major effect. This can
be explained due to the majority of our participants
report avitamin D deficiency; thusa number of our
participants regularly take vitamin D supplements.
These results agree with those found by Hyassat
et al. (2017) who also did not find any significant
effect of vitamin D levels due to a vast majority
of participants taking vitamin D supplements.3°
According to Simeonova et al.(2020), 39% of their
osteoporotic group reportednormal vitamin D levels,
34 % with insufficient vitamin D levels, and 27%
with avitamin D deficiency.®' However, according to
Tian et al., low vitamin D levels are not associated
with an elevated risk of low bone mineral density.*

Regarding the dietary habits among the study
participants, our results show a significant difference
between osteoporotic postmenopausal women and
vitamins and minerals supplementation especially
vitamin D supplements. Seventy seven percent
of the osteoporotic group and 58% of non-osteoporotic
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group reporting taking vitamins and/or minerals
supplements. However, the non-osteoporotic group
shows a significantly higher intake of vitamin D
supplements than the osteoporotic group. In a study
conducted by Mortonet al.(2001), the authors found
that vitamin C supplement users of postmenopausal
women have a significantly higher BMD level at
the femoral neck after controlling covariates.3?
They also observed a significantly high bone mass
in the midshaft radius and total hip after adjusting
for age and BMI and use of calcium supplements.
Additionally, Knapen et al. (2013) reported that
menaquinone-7 intake can significantly improve
vitamin K status and reduce the decline in BMD at the
lumber spine and femoral neck but not in total hip.3*
In contrast, Hamidi & Cheung (2011) documented
that lower levels of dietary vitamin K were
associated with an increased risk of fractures, but
not an improvement in bone health in older adults.3®
In arandomized controlled study, zinc supplementation
(25 mg/d of zinc for 18 months) shows a significant
increase in BMD and BMC.* Additionally, studies
regarding magnesium supplementation and bone
mineral density are positivelycorrelated.37%8-3°
Moreover, fracture prevention clinical trials confirm
a positive effect of calcium in tandem with vitamin D
supplementation.*® However, no clinically advantage
was observed in a meta-analysison the effects
of vitamin D supplementation on bone density.*!
However, two recent studies have shown that
individuals with baseline levels of 25-hydroxyvitamin
D (<30 nmol/L) have continued bone loss and
that vitamin D supplementation can be a valuable
solution. 4243

In this study, diet shows an important role on the
risk of osteoporosis. Significant differences were
detected in certain macro and micronutrients.
Intakes of caffeine shows a significant risk of
osteoporosis. This result agrees with similar
results found in studies by Bijelic et al. (2017) and
Hyassat et al. (2017) who reported a significant
association between high intakes of caffeine and
the risk of osteoporosis.®* 4 In addition, we found
that carbohydrate intakes have a protective effect
of osteoporosis. However, no specific studies have
shown a similar effect. Nakayama & Katayama(2005)
found no evidence that suggests direct effects
of carbohydrate intake and BMD.* However, there
is evidence that suggests that certain indigestible
carbohydrates, such as inulin and oligofructose,

can improve the absorption of minerals from food,
which can therefore be beneficial to bone mass.*
Furthermore, in this study fiber intake shows
protective effects of osteoporosis.This result is
similar to one found by the Framingham Off spring
Study, which summaries that a high dietary fiber
(B = 0,06, p = 0,003) and fruit fiber (8 = 0,10, p =
0,008) intake protects from a femoral neck bone
deficiency in men, but not women in Q2-Q4.4
Another study suggests that for women, there are
no observed correlations with fiber intake on the
loss of hipbone, however, vegetable fiber seems to
protect women, but not men from spine bone loss.*¢

We also found protective effects with intakes of
magnesium, iron and zinc against osteoporosis risk.
These results agreed with Okyay et al. (2013) who
revealed that a lower serum magnesium, iron, and
zinc are significantly associated with osteoporosis.*
On the other hand, Okyay et al.(2013) did not find
any associations with phosphorus and potassium,
in which our study did.*” Similarly, Lee & Cho (2015)
stated that a high phosphorus intake was associated
with improved BMD.*® In contrast, Vorland et al.
(2017) reported that phosphate additives have
negative effects on bone metabolism.® Furthermore,
we found that vitamin B6 shows a protective effect
on the risk of osteoporosis, which matches with
results from Wanget al. that osteoporosis risk was
found in low serum vitamin B6 group (< 19.2 ug/L)
than those of higher concentrations (> 26.9 pg/L).*°
In addition, we also found that there is a protective
effect with MUFA intake. This outcome is consistent
with Martinez-Raminez et al. (2007) who reported a
protective effect of MUFA.° The inverse correlation
between MUFA and the risk of fracture that we
described here can be due to the high level of MUFA-
rich olive oil that is a staple food item for many in the
Mediterranean. Monounsaturated 18-carbon oleic
acid is the main fat contained in olive oil. Similarly,
Trichopoulou et al. (1997) documented that MUFA
intake was associated with a higher bone mineral
density in his cross-sectional study conducted in
Greece.®

We have also identified several strengths and
drawbacks in our study. The FFQs for collecting
dietary data from our population serves as a
major strength of our research due to its reliable
and accurate credibility. Despite the collection of
dietary data during one time point, the FFQ has
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been previously identified as a sufficient method
to quantify intakes of macro and micronutrients.
However, a drawback of FFQs tend to be prone
to bias as data collection depends on the capacity
and recollection of participants to provide reliable
information about their food intake and physical
exercise. Despite our efforts to monitor several
potential confounding variables, we did not take
into consideration the impact of cooking on the
bioavailability of nutrients. Furthermore, since it is
culturally prohibited, we did not measure alcohol
consumption.

Our case-control study suggested that a poor diet
and a lack of a healthy lifestyle do have significant
effects on the development of osteoporosis
in postmenopausal women. A poor diet quality that
lacks an adequate amount of carbohydrates, fats,
proteins, and water is more likely to have reduced
bone mineral density, which can result in more
fractures. However, a diet that is rich in vitamins and
minerals such as R-carotene, vitamin B6, vitamin C,
vitamin E, iron, magnesium, phosphorus, potassium
and zinc have a preventative effect towards
osteoporosis in postmenopausal women.

Ethics Policies
This review did not request ethical approval.

Acknowledgment

The authors would like to thank the Deanship of
Academic Research of The University of Jordan.
In addition, a great appreciation devoted for
Dr. Munther Almomani for his support inside the
Jordan university hospital regarding this study.
The authors would like to express their appreciation
to the Jordanian Osteoporosis Prevention Society
for their cooperation in facilitating the enrollment
of participants in this research and to the Arab
Engineers Medical Equipments & Supplies Trading
Co. for lending the instrument that was used in this
research. The authors' thanks extend to all the staff
and managers of Al-Tayseer laboratory for their
kind help, patience and cooperation throughout the
research period.

Funding
This research was funded by Deanship of Academic
Research of The University of Jordan.

Conflict of Interest
The authors declare that they have no competing or
conflict of interest.

References
1. Akkawi, I., and Zmerly, H. (2018). 5. Sellmeyer, D. E., Stone, K. L., Sebastian,
Osteoporosis: current concepts. Joints, A., and Cummings, S. R. (2001). A high
6(2), 122. ratio of dietary animal to vegetable protein

2. Black, D. M., and Rosen, C. J. (2016).
Postmenopausal Osteoporosis. New England
journal of medicine, 374(3), 254—-262.

3. El Heis, M. A., Al Kamil, E. A., Kheirallah,
K. A., Al Shatnawi, T. N., Gharaibia, M., and
Al Mnayyis, A. (2013). Factors associated
with osteoporosis among a sample of
jordanian women referred for investigation
for osteoporosis. East mediterr health J, 19,
pp. 459-464.

4. Hardcastle AC, Aucott L, Fraser WD, et al.
(2011). Dietary patterns, bone resorption and
bone mineral density in early postmenopausal
Scottish women. Eur J Clin Nutr, 65(3):
378e85.

increases the rate of bone loss and the risk
of fracture in postmenopausal women. Study
of Osteoporotic Fractures Research Group.
The American Journal of Clinical Nutrition,
73(1), 118-122.

6. Chiodini, 1., Bolland, M.J. (2018). Calcium
supplementation in osteoporosis: Useful or
harmful? Eur. J. Endocrinol., 178, D13-D25.

7. Adami S., Giannini S., Bianchi G., Sinigaglia
L., Di Munno O., Fiore C.E., Minisola S.,
Rossini M. (2009).

8. Vorland, C. J., Stremke, E. R., Moorthi, R.
N., and Hill Gallant, K. M. (2017). Effects
of Excessive Dietary Phosphorus Intake on
Bone Health. Current Osteoporosis Reports,



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

KHAMMASH et al., Curr. Res. Nutr Food Sci Jour., Vol. 10(1) 113-128 (2022) 126

15(5), 473-482.

Kong. S.H., Kim. J.H., Hong. A.R., Lee.
J.H., Kim. S.W., Shin. C.S. (2017). Dietary
potassium intake is beneficial to bone
health in a low calcium intake population:
The Korean National Health and Nutrition
Examination Survey (KNHANES) (2008-
2011). Osteoporos. Int., 28, 1577-1585.

De Baaij, J.H.F., Hoenderop, J.G.J.,
Bindels, R.J.M. (2015). Magnesium in
man: Implications for health and disease.
Physiol. Rev., 95, 1-46.

Uwitonze, A.M., Razzaque, M.S. (2018).
Role of magnesium in vitamin D activation
and function. J. Am. Osteopath. Assoc.,
118, 181-189.

Veronese, N., Stubbs, B., Solmi, M., Noale,
M., Vaona, A., Demurtas, J., Maggi, S. (2017).
Dietary magnesium intake and fracture risk:
Data from a large prospective study. Br. J.
Nutr., 117, 1570-1576.

Palermo, A., Tuccinardi, D., D'Onofrio, L.,
Watanabe, M., Maggi, D., Maurizi, A. R.,
.. and Manfrini, S. (2017). Vitamin K and
osteoporosis: Myth or reality?. Metabolism,
70, 57-71.

Llamas-Velasco, S., Villarejo-Galende, A.,
Contador, |., Lora Pablos, D., Hernandez-
Gallego, J., Bermejo-Pareja, F. (2016).
Physical activity and long-term mortality risk
in older adults: A prospective population
based study (NEDICES). Prev. Med. Rep.,
4, 546-550.

Turner, C.H., Pavalko, F.M. (1998).
Mechanotransduction and functional
response of the skeleton to physical stress:
The mechanisms and mechanics of bone
adaptation. J. Orthop. Sci., 3, 346—-355.
Kanis JA et al (2005) Smoking and fracture
risk: a meta-analysis. Osteoporos Int
16:155-162.

Barrera G, Bunout D, Gattas V, et al. (2004).
A high body mass index protects against
femoral neck osteoporosis in healthy elderly
subjects. Nutrition, 20:769-71.

Zhao LJ, Jiang H, Papasian CJ, et al. (2008).
Correlation of obesity and osteoporosis:
effect of fat mass on the determination of
osteoporosis. J Bone Miner Res., 23, 17-29.
Fu X, Ma X, LuH, etal. (2011). Associations of
fat mass and fat distribution with bone mineral

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

density in pre- and postmenopausal Chinese
women. Osteoporos Int., 22:113-19.
llesanmi-Oyelere, B. L., and Kruger, M.
C. (2020). Nutrient and Dietary Patterns
in Relation to the Pathogenesis of
Postmenopausal Osteoporosis—A Literature
Review. Life, 10(10), 220.

Basheer, M. O., Khojali, F. M., Kheir, O. O.,
Mohammed, S. A., and Abdalla, H. [. A. A. H.
(2020). Investigating the relationship between
Vitamin D and Bone Mineral Density among
Coeliac patients attending Ibn Sina Hospital.
Journal of Gastroenterology and Hepatology
Research, 9(3), 3191-3195]

Sallis, J. F., Patterson, T. L., Buono, M.
J., Atkins, C. J and Nader, P. R. (1988),
Aggregation Of Physical Activity Habits In
Mexican-American And Anglo Families.
Journal of Behavioral Medicine, 11(1), 31-41.
Tayyem RF, Abu-Mweis SS, Bawadi H, Agraib
L and Bani-Hani K. (2014), Validation Of A
Food Frequency Questionnaire To Assess
Macronutrient And Micronutrient Intake
Among Jordanians. Journal of Academy Of
Nutrition and Dietetics. 114 (7):1046-1052.
Lee, R.D. and Nieman D.C. (2013). Nutritional
Assessment. 6 ed. Nutritional Assessment:
New York.

Lengelé, L., Moehlinger, P., Bruyére, O.,
Locquet, M., Reginster, J. Y., and Beaudart,
C. (2020). Association between Changes
in Nutrient Intake and Changes in Muscle
Strength and Physical Performance in the
SarcoPhAge Cohort. Nutrients, 12(11), 3485]
Ho, SC., Chen, YM., Woo, JL. (2005).
Educational level and osteoporosis risk in
postmenopausal Chinese women. Am J
Epidemiol, 161:680e90.

Colon-Emeric, C., Biggs, D., Schenck, A.,
Lyles, KW. (2003). Risk factors for hip fracture
in skilled nursing facilities: who should be
evaluated? Osteoporos Int, 14:484e9.

Lai, F. Y., Nath, M., Hamby, S. E., Thompson,
J. R., Nelson, C. P., and Samani, N. J.
(2018). Adult height and risk of 50 diseases:
a combined epidemiological and genetic
analysis. BMC medicine, 16(1), 1-18.
Compston, J., Cooper, A., Cooper, C., Gittoes,
N., Gregson, C., Harvey, N., Hope, S.,
Kanis, J.A., McCloskey, E.V., Poole, K.E.S.,
et al. (2017). UK clinical guideline for the



30.

31.

32.

33.

34.

35.

36.

37.

KHAMMASH et al., Curr. Res. Nutr Food Sci Jour., Vol. 10(1) 113-128 (2022) 127

prevention and treatment of osteoporosis.
Arch. Osteoporos., 12, 43.

Hyassat, D., Alyan, T., Jaddou, H., and
Ajlouni, K. M. (2017). Prevalence and risk
factors of osteoporosis among Jordanian
postmenopausal women attending the
national center for diabetes, endocrinology
and genetics in Jordan. BioResearch open
access, 6(1), 85-93]

Simeonova, T., Stefanova, K., Himcheva,
l., Yordanova-Laleva, P., Ruseva, B., and
Dimitrova, A. (2020). Assessment of vitamin
D status and calcium-phosphorus metabolism
in postmenopausal women with osteoporosis.
Journal of IMAB-Annual Proceeding Scientific
Papers, 26(1), 3011-3014

Tian, L., Yang, R., Wei, L., Liu, J,, Yang, Y.,
Shao, F,, ... and Guo, T. (2017). Prevalence
of osteoporosis and related lifestyle and
metabolic factors of postmenopausal women
and elderly men: A cross-sectional study in
Gansu province, Northwestern of China.
Medicine, 96(43).

Morton, D. J., Barrett-Connor, E. L.,
and Schneider, D. L. (2001). Vitamin C
supplement use and bone mineral density
in postmenopausal women. Journal of Bone
and Mineral Research, 16(1), 135-140.
Knapen, M. H. J., Drummen, N. E., Smit, E.,
Vermeer, C., and Theuwissen, E. (2013).
Three-year low-dose menaquinone-7
supplementation helps decrease bone
loss in healthy postmenopausal women.
Osteoporosis International, 24(9), 2499-2507 .
Hamidi, M., Tarasuk, V., Corey, P., and
Cheung, A. M. (2011). Association between
the Healthy Eating Index and Bone Turnover
Markers in US Postmenopausal Women
Aged=45Y. The American Journal of Clinical
Nutrition, 94(1), 199-208.

Fung, E. B., Kwiatkowski, J. L., Huang, J. N.,
Gildengorin, G., King, J. C., and Vichinsky,
E. P. (2013). Zinc supplementation improves
bone density in patients with thalassemia: a
double-blind, randomized, placebo-controlled
trial. The American journal of clinical nutrition,
98(4), 960-971.

Farsinejad-Marj, M. Saneei, P. Esmaillzadeh,
A. (2016). Dietary magnesium intake,
bone mineral density and risk of fracture:
a systematic review and meta-analysis,

38.

39.

40.

41.

42.

43.

44,

45.

46.

Osteoporos. Int. 27 (4) 1389—-1399.

Ryder, K. M., Shorr, R. I., Bush, A. J.,
Kritchevsky, S. B., Harris, T., Stone, K, ....
and Tylavsky, F. A. (2005). Magnesium intake
from food and supplements is associated with
bone mineral density in healthy older white
subjects. Journal of the American Geriatrics
Society, 53(11), 1875-1880.

Welch, A. A., Skinner, J., and Hickson, M.
(2017). Dietary magnesium may be protective
for aging of bone and skeletal muscle in
middle and younger older age men and
women: Cross-sectional findings from the UK
biobank cohort. Nutrients, 9(11), 1189.
Aloia, J. F., Dhaliwal, R., Shieh, A., Mikhail,
M., Islam, S., and Yeh, J. K. (2013).
Calcium and vitamin D supplementation
in postmenopausal women. The Journal
of Clinical Endocrinology & Metabolism,
98(11), E1702-E1709]

Bolland, M. J., Grey, A., and Avenell, A. (2018).
Effects of vitamin D supplementation on
musculoskeletal health: a systematic review,
meta-analysis, and trial sequential analysis.
The lancet Diabetes & endocrinology,
6(11), 847-858]

Reid, I. R., Horne, A. M., Mihov, B., Gamble,
G.D., Al-Abuwsi, F., Singh, M., ... and Scragg,
R. (2017). Effect of monthly high-dose vitamin
D on bone density in community-dwelling
older adults substudy of a randomized
controlled trial. Journal of internal medicine,
282(5), 452-460.

Macdonald, H. M., Reid, I. R., Gamble, G.
D., Fraser, W. D., Tang, J. C., and Wood, A.
D. (2018). 25-Hydroxyvitamin D threshold for
the effects of vitamin D supplements on bone
density: secondary analysis of a randomized
controlled trial. Journal of Bone and Mineral
Research, 33(8), 1464-1469.

Bijelic, R., Milicevic, S., and Balaban, J.
(2017). Risk factors for osteoporosis in
postmenopausal women. Medical archives,
71(1), 25.

Nakayama, K., & Katayama, S. (2005).
Osteoporosis and intake of carbohydrates.
Clinical calcium, 15(4), 680-683.

Dai, Z., Zhang, Y., Lu, N., Felson, D. T,, Kiel,
D. P, and Sahni, S. (2018). Association
between dietary fiber intake and bone loss in
the Framingham Offspring Study. Journal of



47.

48.

49.

KHAMMASH et al., Curr. Res. Nutr Food Sci Jour., Vol. 10(1) 113-128 (2022) 128

Bone and Mineral Research, 33(2), 241-249.
Okyay, D. O., Okyay, E., Dogan, E.,
Kurtulmus, S., Acet, F., and Taner, C. E.
(2013). Prolonged breast-feeding is an
independent risk factor for postmenopausal
osteoporosis. Maturitas, 74(3), 270-275.
Lee,A.W., and Cho, S. S. (2015). Association
between phosphorus intake and bone health
in the NHANES population. Nutrition journal,
14(1), 1-7]

Wang, J., Chen, L., Zhang, Y., Li, C. G,,
Zhang, H., Wang, Q., ... and Shu, B. (2019).
Association between serum vitamin B6
concentration and risk of osteoporosis
in the middle-aged and older people in

50.

51.

China: a cross-sectional study. BMJ open,
9(7), e028129.

Martinez-Ramirez, M. J., Palma, S., Martinez-
Gonzalez, M. A., Delgado-Martinez, A. D.,
De la Fuente, C., and Delgado-Rodriguez,
M. (2007). Dietary fat intake and the risk
of osteoporotic fractures in the elderly.
European journal of clinical nutrition,
61(9), 1114-1120.

Trichopoulou, A., Georgiou, E., Bassiakos, Y.,
Lipworth, L., Lagiou, P., Proukakis, C., et al.
(1997). Energy intake and monounsaturated
fat in relation to bone mineral density among
women and men in Greece. Prev Med,
26, 395-400.



