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Abstract: Osteoporosis is common in hemodialysis patients and closely related to fracture. This study was
carried out in the dialysis center of Al-Bir society, Jeddah, King Saudi Arabian, to determine the frequency and
severity of osteoporosis risk factors in dialysis patients. In a cross-sectional analytical study, a group of 56
patients were assessed using demographic, medical history and anthropometric measurements including
(height, weight and body mass index (BMI)). A biochemical measurement including [parathyroid hormones
(PTH), calcium (Ca), phosphorus (P) and vitamin D (Vit. D)] levels were examined. As well as hemodialysis
status and estimation of dietary pattern plus food intake using a 4 days dietary record were estimated. It has
been found that (57.1% and 55.4%) of the total patients have high PTH and P levels, respectively. Around 5%
of the patients showed low serum Ca level and 75% showed low Vit. D level. Parathyroid problems were found
in 67.9% after starting of H.D treatment. Seventy percent of the patients indicated that they suffered from bone
problems while 5.4% have been diagnosed with osteoporosis. The 4-days dietary record showed that most of
the patients (44.6%) did not attained the recommended intake of Ca and Vit. D. However, about 21.4% of the
patients showed a high P intake. Serum Vit. D level was significantly related with gender (p< 0.001) and it was
higher in males than females. In addition, a significant positive correlation was found between serum P and
dietary P intake (r= 0.379, P=0.004). Negative significant relationship was showed between serum P and Ca
intake (r=-0.267, P=0.046). The study suggested that some risk factors for osteoporosis found in H.D. patients,
such as, low BMI and dialysis status may relate to bone problems and abnormal nutrients intake (Ca, Vit. D, P

and K).
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INTRODUCTION

People with two healthy kidneys have 100% organ
functions, including remove extra-fluid and waste from the
blood through the urine, help keep chemicals (such as
sodium, potassium and calcium) balanced in the body,
make hormones that help control blood pressure,
stimulate bone marrow to make red blood cells, control
calcium metabolism and produce an active form of Vit. D
[1, 2]. Mild declines in kidney functions by as much as 30
to 40 % are rarely noticeable and even people who are
born with only one kidney or donate one of theirs can still
lead normal healthy lives. Kidney functions are now
estimated by glomerular filtration rate (¢GFR) [1, 3]. Most
kidney problems develop slowly. Gradual loss of kidney

function is called chronic kidney disease (CKD) or chronic
renal insufficiency. People with CKD may go on to
develop permanent kidney failure and also experience a
high risk of death from a stroke or heart attack [4]. Serious
kidney problems occur when there is less than 25 % of
kidney functions; total or nearly total permanent kidney
failure is also called end-stage renal disease (ESRD)
occurs when it drops below 10 to 15 %, people with it
must undergo some form of renal replacement therapy
either by blood-cleansing treatment hemodialysis (H.D.),
or a kidney transplant to sustain life [3].

In Saudi Arabia there were 14171 renal failure patients
in 2012, out of them; 12844 patients were being treated via
HD and 1327 patients via peritoneal dialysis. The western
region of Saudi Arabia recorded the largest density of
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patients treated via the HD method, the distribution
indicating that 47% of them aged 26-55 years [5].
Osteoporosis "porous bone," is a disease in which the
bones gradually become weak and brittle, leading to
fractures, especially of the hip, wrist and spine even from
simple activities like lifting a chair or bending over.
Osteoporosis is a silent disease, as bone loss occurs
without symptoms. There are no warning signs until a
fragility fracture occurs. Osteoporosis-related fractures
may occur in any bone, but are most likely to occur at
sites of low bone mass, namely the vertebrae, distal
radius, proximal femur and ribs. Osteoporosis is common
among the elderly, but the disease can strike any age [6].
Bone histology is abnormal in the majority of patients
with kidney failure [7]. The abnormalities that lead to bone
disease begin to occur at earlier stages of chronic kidney
disease. In the patients on HD, the risk factors for bone
fractures were older age, female gender, low body mass
index (BMI), peripheral vascular disease, increasing
dialysis vintage, elevated parathyroid hormone (PTH)
levels (exceeding 300 pg/ml) and phosphorus, abnormal
Vit. D, reduced levels of calcium and urinary phosphate
excretion have been described among patients with
GFR<70 ml/min or lower and usage of drugs such as
selective serotonin uptake inhibitors, antidepressants,

benzodiazepines, narcotics and (-2 microglobulin
amyloidosis [8-11].
Many studies have shown the presence of

osteoporosis in patients on renal HD therefore, special
attention should be given to the identification of nutrients
conducive to better health in their condition. Thus, the
main objective of this study was to identify the nutritional
and other risk factors associated with osteoporosis of
hemodialysis patients in Jeddah, Saudi Arabia.

Methodology

Study Population: A cross sectional analytical study was
done in two charity hemodialysis centers. There are 120
End Stage Renal Disease patients (ESRF) in both centers.
Almost 50% of the patients were chosen via random
sampling technique, therefore our study sample was
(n=56).

Data Collection Tools and Techniques: Many data
collection tools and techniques were used; a
questionnaire asking about demographic data, health
information related to osteoporosis risk factors; medical
and family history, bone health and hemodialysis status.
The information was collected via both patient
interviewing and using information in the medical record.
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Anthropometric Assessments: Its directly obtained
from the patients after HD procedure; measuring weight
and height to calculated body mass index (BMI), which
classified to thirds ranges (tertiles); small (<23.2 kg/m2),
medium (23.2 to 27.8 kg/m?®) and large (>27.8 kg/m?) [8].

Biochemical Assessments: Its taken from the medical
records of each patient, including alkaline phosphatase
(ALP), calcium (Ca), Phosphors (P), Vitamin D (Vit. D) and
parathyroid hormone levels (PTH).

Dietary Assessment: The forms used for this study
including both a 24-hour record for 4 days; two days
during week, one weekend and one day when were having
HD procedure. Other dietary habits questions (Medical
Condition and Adequate Food Intake) were asked too.
The respondent recorded foods and beverages plus the
amount consumed by them. The amount consumed was
asked to be measured using house-hold measures (e.g.,
cups or tablespoons).

Statistical Analysis: Statistical analyses of data were
carried out using SPSS version 21. Variables were
represented by percentile, frequency and mean values.
Chi- square, person Test for measuring the difference
between discrete variables and the association between
continuing variables, confidence degree was 95% [12].

RESULTS AND DISCUSSION

The response rate was 100%. Half of the respondents
were females. The mean age was 49.3+14.9 year with a
range from 21 to 84 years. Almost one half (48.2%) in the
age group of 41-60 year and (17.9%) of them in the age
group more than 60 years old. Nearly about 41.1% of the
patients have had a small BMI (< 23.2 kg/m*) and 17.9%
their BMI more than 27.8 kg/m*(Table 1). Weight and fat
mass loss may be an important point in bone loss [13], a
higher BMI may independently influence the
characteristics of bone by increasing the mass of adipose
tissues, in of patients with ESRD lower BMI and female
gender were independent associated with an increase rate
of hip fracture [14]. The biochemical indicators reveled
that almost 57.1% of the patients showed abnormal PTH
(>300 pg/ml). Formerly, all of the sample have had
abnormal blood urea nitrogen (BUN) (>20 mmol/L) while,
about 53.6% of them have had abnormal albumin (<4.0
mg/dl) and 35.7 % of them got abnormal ALP (>115U/1).
Only 5.4 % of the sample have had serum calcium of
< 8.4 mg/dl and 31 of them have had serum phosphorus of
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Table 1: Demographic characteristics and BMI of the patients.

Table 3: Health status and parathyroid problems for the patients

Parameters N=56 %
Gender

Male 28 50.0

Female 28 50.0
Age Groups

21-40 18 32.1

41-60 27 48.2

61-80 10 17.9

>80 1 1.8
BMI (kg/m?)*

Small (<23.2) 23 41.1

Medium (23.2 to 27.8) 23 41.1

Large (>27.8) 10 17.9

*[8]

Table 2: Serum biochemical indicators for osteoporosis.

Parameters Abnormal renal range N=56 %
PTH >300 (pg/ml)['s 32 57.1
BUN >20 mmol/L!"% 56 100
Calcium <8.4 mg/dL!"] 3 5.4
Phosphorus >5.5 mg/dL!! 31 55.4
Vitamin D <16 ng/mL!" 42 75.0
Potassium >5mg/dL!"7 28 50.0
Albumin <4.0 g/dL!"" 30 53.6
Alkaline Phosphate ~ >115U/11'® 20 35.7

>5.5 mg/dl. Additionally, 42 of the patients have had Vit.
D (<16 ng/dl) and 28 of them showed serum potassium of
(>5 mg/dl) (Table 2).

One third of the patients had only one CRD as a one
health problem (35.7%), while 33.9% of them had two
health problems and 14.3% of our patients had three
health problems. Almost 53.6% of the patients had
previous surgery. Parathyroid hormone was increased in
66.1% of the patients after HD. Parathyroid gland surgery
was done in 12.5% of the patients (Table 3). Only 8.9% of
the patients have a family history of CKD and 12.5% of
them had at least one family member on HD. One third of
the sample (35.7%) did hemodialysis for more than 8 years
and another one third (33.9%) were doing HD less than 4
years (data not shown). Almost tow third of the patients
(70%) had bone problem; about 41.1% of them feels pain
in the bone. Most of the problems associated with the
bones of one causes 42.9%, 19.7% more than one cause
and more reasoned it was after the start H.D. 30.4% of the
patients have more than 34 months are suffering from
problems in the bone, 30.4% of the patients suffering from
bone problems in one area and 39.3% in two or more
places. More places where the patient complains of them
are: Right and Left/Patella, Spine (Thoracic Vertabria) and
Right and Left/Foot (28%, 12% and 9%, respectively)
(Table 4).
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Health status N=56 %
Health problem No 2 3.6
1 Problems 20 35.7
2 Problems 19 33.9
3 Problems 8 14.3
4 Problems 6 10.7
5 Problems 1 1.8
Surgical Yes 30 53.6
No 26 46.4
Parathyroid problems. Yes - -
After HD 18 67.9
Before H.D 1 1.8
No 17 30.4
Rise in PTH Yes - -
After HD 37 66.1
Before H.D 1 1.8
No rise 18 32.1
Surgery to parathyroid gland
Yes - -
After H.D 12.5
Before H.D 3.6
No 47 83.9
Table 4: Bone health problems in patients.
Measure N=56 %
Family history of bone problem Yes 5 8.9
No 51 91.1
Problem in the bone Yes 39 70
No 17 30
Type of problem Nol7 30.4
Pain 23 41.1
Weakness 2 3.6
Fracture 2 3.6
Osteoporosis 3 5.4
Osteoarthritis knee 1 1.8
Broken foot and Pain 1 1.8
Pain and Weakness 6 10.7
Pain and Osteoporosis 1 1.8
Causes bone problems No 17 30.4
Unknown 4 7.1
1 Reason 24 429
2 Reasons 9 16.1
3 Reasons 2 3.6
Length of bone problems No 17 30.4
(Month) 1-11 11 19.6
12-22 6 10.7
23-33 5 8.9
>34 17 30.4
Number of problem places No 17 30.4
1 location 17 30.4
2 locations 13 23.2
3 locations 12.5
4 locations 3.6
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Table 5: Dietary habits among H.D. patients

Measure N=56 %
Appetite Change 30 53.6
Not Change 26 46.4
Satiety Change 18 32.1
Not Change 38 67.9
Discomfort after eating Change 21 37.5
Not Change 35 62.5
Chewing Change 3 5.4
Not Change 53 94.6
Swallowing ability Change 5 8.9
Not Change 51 91.1
Taste Change 9 16.1
Not Change 47 83.9
Diarrhea Change 4 7.1
Not Change 52 92.9
Constipation Change 9 16.1
Not Change 47 83.9
Other Complication Change 30 53.6
Not Change 26 46.4

Table 6: Mean of Nutrient Intake/Day (Food + Supplement)

Nutrients Mean + SD Normal range
Calcium mg/day 1915.48+ 1029.486 2500
Vitamin D mcg/day 1.93+2.244 20
Phosphorus mg/day 832.95+227.911 1000
Potassium mg/day 1182.59+936.015 3000

The main risk factors for persistent PTH are
dialysis treatment [19]. Hyperparathyroidism and
hyperphosphatemia were significantly associated with
disorders of mineral metabolism [20], emerged as an
important predictor of bone and muscle concerns [21] and

significant impact on bone remodeling by bone turnover
increases about 50%, leading to increase dresorption at
the endosteal envelope, increased cortical porosity and
thinning of cortical bone and anabolic effects on
trabecular bone [22]. Numerous changes in the dietary
habits of the patients’ occurred; decreased appetite
(53.6%), satiety (32.1%), discomfort after eating (37.5%),
chewing change (5.4), swallowing problem (8.9%), taste
change (16.1%), diarrhea (7.1%) and constipation (16.1%)
(Table 5). Analysis of 4 days dietary and supplement
intake showed that, about 78.6% of the patients were
taking less than 2500 mg/day of calcium and the mean
calcium intake was 1915.48+1029.49 mg/day. All of the
patients took less than 20 mcg/day of Vit. D (mean of Vit.
D intake was 1.93+2.244). Majority of the patients (91.1%)
their potassium intake was less than 3000 mg/d
(1182.59+936.015). Only 1.8% of the patients were with a
normal dietary potassium intake of more than 3000 mg/d.
One fifth of the patients (21.4%) their dietary phosphorus
intake of more than 1000 mg/day (the mean intake was
832.95+£227.911) as shown in Tables 6 and 7.

The biochemical tests of some bone health
parameters revealed that the mean of Vitamin D level was
higher among males than females (15.8 vs.10.9 ng/mL) and
this difference was statistically significant. The other
biochemical tests did not differ significantly between
males and females as shown in Table 8. Table 9 revealed
that the mean albumin level was lower among those with
bone problems than those without (3.8 g/dl vs. 4.0 g/dl)
and this difference was statistically significant. However;
the mean Alkaline phosphate level was higher among
those with bone problems than those without (105.1U/1

fracture in HD. patients [20]. The excessive of PTH has vs. 81.0 U/l) and this differences was statistically
Table 7: Dietary indicators for osteoporosis
Food Food and Supplement

Nutrients Categories N=56 % N=56 %

Calcium 3

mg/day <2500 56 100 44 78.6
2500 0 0 0 0
>2500 0 0 12 21.4

Vitamin D 4 mg/day <20 56 100 56 100
20-25 0 0 0 0
>25 0 0 0 0

Phosphorus ¥ mg/day <800 19 33.9 19 33.9
800-1000 25 44.6 25 44.6
>1000 12 21.4 12 21.4

Potassium 1*! mg/day <2000 51 91.1 51 91.1
2000-3000 4 7.1 4 7.1
>3000 1 1.8 1 1.8
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Table 8: Serum some biochemical tests according to sex of the patients

Table 9: Biochemical tests according to bone problems in H.D. patients

(n=56) Bone problems
Sex

Parameters Yes No P-value*
Parameters Male Female P-value*

PTH (pg/ml) 550.9 £496.64  575.5+533.15  0.869
PTH pg/ml 551.6 £441.34 565.1 £566.55  0.921

BUN mmol/L 57.3+12.81 58.8 £16.40 0.710
BUN mmol/L 56.9 +12.10 58.6 £ 15.60 0.641 Calci L 9741.00 9.5+ 1.00 0357

NN S=E1 .

Calcium mg/dL 9.7+1.00 9.6+1.00 0.539 aclumme
Phosphorus mg/dL 6.1+1.67 584194 0.566 Phosphorus mg/dL 5.9+1.86 6.1 £1.70 0.780
Vitamin D ng/mL 15.8 + 6.04 10.9 + 3.78 0.001" Vitamin D ng/mL 13.8+5.84 12.3+4.93 0.361
Potassium mg/dL 52 +0.83 5.1+0.64 0.628 Potassium mg/dL 5.1+0.76 5.3+0.70 0.560
Albumin g/dL 3.9+ 37 3.9+0.35 0.950 Albumin g/dL 3.8+0.36 4.0+0.31 0.024"
Alkaline Phosphate U/l 102.5+60.00  97.5+ 78.00 0.974 Ikline Phasphate U/ 105.1 + 85.00 81.0 = 56.00 0.022"
* Mann-Wittney test Mann-Wittney test
Table 10: Correlation between total intakes of calcium, phosphorus, Vit. D, potassium and their biochemical blood levels
Test Calcium mg/dL Phosphorus mg/dL Vitamin D ng/mL Potassium mg/dL
Nutrients intake R p-value r p-value R p-value R p-value
Calcium -0.329 0.013 -0.267 0.046 0.064" 0.640 0.150 0.271
Vitamin D 0.186 0.170 -0.014™ 0.918 -0.107 0.432 -0.093™ 0.493
Phosphorus -0.038 0.782 0.379" 0.004 0.015" 0913 0.036 0.792
Potassium -0.074 0.590 0.181" 0.182 -0.171™ 0.209 -0.011™ 0.938

* Pearson correlation test, ** Spearman correlation test.

significant. The other biochemical tests did not differ
significantly between males and females. This study
revealed that there was fair negative significant
correlation between total intake of Calcium and its blood
level. In addition, there was a weak negative significant
correlation between total intake of Calcium and blood
level of Phosphorus. Moreover, there was fair positive
significant correlation between total intake of phosphorus
and its blood level. Other correlation between total
intake of some micronutrients and their biochemical blood
level showed non-significant association as shown in
Table 10.

CONCLUSION

It can be concluded that most of the study patients
were under osteoporosis risk factors. Therefore it is
recommended that H.D. patients need intensive nutritional
and physician counseling to prevent osteoporosis.
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