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Effects of Flaxseed Oil on Serum Bone Turnover Markers in 
Hemodialysis Patients
A Randomized Controlled Trial

Maryam Mirfatahi,1 Hossein Imani,2 Hadi Tabibi,3 Alireza Nasrollahi,4 
Mehdi Hedayati5

Introduction. Chronic kidney disease-mineral and bone disorder 
is a common complication in hemodialysis patients. The present 
study was designed to investigate the effects of flaxseed oil, a rich 
source of plant omega-3 fatty acid alpha-linolenic acid, on serum 
markers of bone formation and resorption in hemodialysis patients.
Materials and Methods. In this randomized controlled trial, 34 
hemodialysis patients were randomly assigned to either the flaxseed 
oil or the control group. The patients in the flaxseed oil group 
received 6 g/d of flaxseed oil for 8 weeks, whereas the control 
group received 6 g/d of medium chain triglycerides oil. At baseline 
and the end of the 8th week, 7 mL of blood was obtained from 
each patient after a 12- to 14-hour fast and serum concentrations of 
osteocalcin, osteoprotegerin, N-telopeptide, and receptor activator 
of nuclear factor kappa B ligand were measured.
Results. Serum N-telopeptide concentration decreased significantly 
up to 17% in the flaxseed oil group at the end of week 8, as 
compared to baseline (P < .01), and the reduction was significant 
in comparison with the control group. There were no significant 
differences between the two groups in the mean changes of serum 
osteocalcin, osteoprotegerin, or receptor activator of nuclear factor 
kappa B ligand.
Conclusions. This study indicates that daily consumption of 6 g/d 
of flaxseed oil may reduce bone resorption in hemodialysis patients.
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INTRODUCTION
Chronic kidney disease-mineral and bone 

disorder is a common complication in hemodialysis 
(HD) patients and is associated with high fracture 
r isk,  vascular calcif ication,  cardiovascular 
events, increased morbidity, and mortality, as 
well as a lower quality of life.1-3 In addition, 
inflammation is  prevalent in hemodialysis 
patients and has a negative impact on bone  
turnover.4,5 It has been shown that omega-3 fatty 

acids can decrease inflammation in hemodialysis 
patients.6,7 Furthermore, some animal and human 
studies indicated that marine omega-3 fatty acids 
could reduce bone resorption.8-11 However, to our 
knowledge, only one study has shown that a diet 
high in plant omega-3 fatty acid alpha-linolenic 
acid has a protective effect on bone resorption.12 
Therefore, the present study was designed to 
investigate the effects of flaxseed oil, a rich source 
of alpha-linolenic acid,13 on serum markers of 
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bone formation and resorption in hemodialysis  
patients.

MATERIALS AND METHODS
Trial Design and Ethics Aspects

This study was a parallel, randomized, double-
blinded, clinical trial performed between December 
2014 and March 2015. The study protocol was 
approved by the Ethics Committee of the National 
Nutrition and Food Technology Research Institute of 
Iran. The study was in adherence to the Declaration 
of Helsinki. Written informed consent was obtained 
from all patients before initiating the study. This 
study was part of the project on the effects of 
flaxseed oil in hemodialysis patients. This clinical 
trial was registered with the Iranian Registry of 
Clinical Trials (IRCT201412192716N3).

Sample Size Calculation
The minimum sample size estimated for each 

group was 16 at a power of 80% and an alpha of 
0.05 for a 2-arm parallel study with 2-tailed testing 
to detect a difference of 8.5 ng/mL in serum 
osteocalcin concentration with a pooled standard 
deviation of 8.7 ng/mL, obtained from the study 
by Salari Sharif and coworkers.8

Participants
Thirty-eight hemodialysis patients were selected 

from the hemodialysis units at Taleghani and 
Modares Hospitals in Tehran, Iran. The inclusion 
criteria were: an age of18 years and greater and being 
on hemodialysis for at least 6 months. The exclusion 
criteria were having inflammatory and infectious 
diseases, receiving steroidal or nonsteroidal anti-
inflammatory drugs, receiving omega-3 fatty acids 
supplements, receiving warfarin, and using flaxseed 
or flaxseed oil regularly.

In all cases, hemodialysis was performed with 
polysulfone capillary dialysis filters and bicarbonate 
dialysis solution, 3 times a week, 4 hours per session. 
During the study, the hemodialysis procedure and 
type of dialysis filters were not altered for any of 
the patients.

Intervention, Randomization, and Blinding
The patients were randomly allocated to either a 

flaxseed oil or control group by block randomization 
after stratification based on diabetes mellitus. For 
this block randomization, we chose a block size 

of 4 and possible balanced combinations with 
2 C (control) and 2 F (flaxseed) subjects were 
calculated as 6 blocks (FFCC, FCFC, FCCF, CFFC, 
CFCF, CCFF). Then, blocks were randomly chosen, 
based on a simple random sampling method, to 
determine the assignment of all patients into the 
groups. The block randomization was performed 
by a trained dietician. Patients in the flaxseed oil 
group received 7 mL/d (6 g/d) of flaxseed oil, as 
one Iranian tablespoon of flaxseed oil, for a period 
of 8 weeks, whereas the control group received 7 
mL/d (or 6 g/d) of medium chain triglycerides 
(MCT) oil. The participants consumed oils with salad 
at lunch or dinner. The flaxseed oil was provided 
by Barij Essence, Tehran, Iran, and MCT oil was 
provided by SHS International Ltd, Liverpool, 
UK. The flaxseed oil had 57.5% alpha-linolenic 
acid, 17.2% oleic acid, 15.2% linoleic acid, 5.1% 
palmitic acid, 4% stearic acid, and 1% other fatty 
acids, whereas MCT oil contained 59.4% caprylic 
acid, 39.6% capric acid, 0.7% caproic acid, 0.2% 
lauric acid, and 0.1% myristic acid.

The oils were provided in similar dark bottles 
without any indication of whether the bottle 
contained flaxseed oil or MCT oil. The taste of 
flaxseed oil was different from MCT oil, but none 
of hemodialysis patients had used flaxseed oil or 
MCT oil before the start of this study, and therefore, 
they did not have any experience of the taste of 
flaxseed oil or MCT oil.

Blinding was performed by a trained dietician, 
and the patients and researchers were kept blinded 
to the allocation. The participants were advised not 
to change their dietary habits, physical activities, 
and drug regimens. In addition, the study protocol 
did not change after the trial was commenced. 
At baseline and the end of the 8th week, 7 mL of 
blood was obtained from each patient after a 12- 
to 14-hour fast. Blood samples were kept at room 
temperature (20°C  to 25°C) for 20 minutes. After 
clotting, the samples were centrifuged at 2000 
rpm for 10 minutes. The samples of serum were 
separated into small aliquots and were frozen at 
-70°C, until they were used.

Measurements
P r i m a r y  o u t c o m e s  w e r e  o s t e o c a l c i n , 

osteoprotegerin, N-telopeptide, and receptor 
act ivator of  nuclear factor kappa B l igand 
(RANKL). Serum concentrations of osteocalcin, a 
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bone formation marker,14 osteoprotegerin, a bone 
resorption inhibitor,15 and N-telopeptide and 
RANKL as 2 bone resorption markers,15,16 were 
determined by enzyme-linked immunosorbent 
assay kits (ZellBio GmbH, Ulm, Germany). Intra-
assay coefficients of variation for serum osteocalcin, 
osteoprotegerin, N-telopeptide, and RANKL were 
4.2%, 6.2%, 5.5%, and 4.1%, respectively. Serum 
intact parathyroid hormone (PTH) concentration was 
assessed by an enzyme-linked immunosorbent assay 
kit (Euroimmun Medizinische Labordiagnostika AG, 
Lübeck, Germany), with an intra-assay coefficients 
of variation of 2.4%. Serum concentrations of 
phosphorus and calcium were assessed using 
commercial kits (Pars-Azmoon, Tehran, Iran) 
with the aid of a Selectra 2 Autoanalyzer (Vital 
Scientific, Spankeren, The Netherlands). Intra-
assay coefficients of variation for these biochemical 
parameters were less than 3%.

Patients were weighed after hemodialysis, to 
determine dry body weight (or postdialysis weight), 
at baseline and at the end of weeks 4 and 8. In 
addition, the dietary intakes of the participants 
were assessed using a 2-day dietary recall (1 dialysis 
day and 1 nondialysis day) in weeks 1, 4, and 8. 
Patients’ diets were analyzed by the Nutritionist 
IV software (N Squared Computing, San Bruno, 
CA, USA).

At baseline and the end of week 8, dialysis 
adequacy based on the dialysis adequacy Kt/V 
index was determined for each patient by a Kt/V 
calculator software using information recorded 
in patient files, including predialysis blood urea 
nitrogen concentration, postdialysis blood urea 
nitrogen, the dialysis session length, postdialysis 
weight, and ultrafiltration volume.17

Compliance
For the ascertainment of patients’ compliance, 

we provided each patient with a fixed volume of 
oils and instructions to return the unused oils at 
the end of the study. The degree of compliance 
for each patient was determined according to the 
volume of returned oils.

Statistical Analysis
Statistical analysis of data was performed using 

the SPSS software (Statistical Package for the 
Social Sciences, version 21.0, SPSS Inc, Chicago, 
IL, USA). A chi-square test was used to compare 

qualitative variables between the two groups. 
Since all quantitative parameters according 
to the Kolmogorov-Smirnov test had normal 
distributions, we used a t test and paired t test to 
compare parameters between and within groups, 
respectively. In addition, because dietary and 
anthropometric parameters were measured 3 times 
during the study, analysis of variance for repeated 
measurements was used to compare data among 
these time points. The results are expressed as the 
mean ± standard deviation, and differences were 
considered significant at a P value less than .05.

RESULTS
Of the 38 hemodialysis patients eligible for 

this trial, 2 in the flaxseed oil group and 2 in the 
MCT oil group were withdrawn because of lack 
of cooperation or medical treatments (Figure). The 
adherence rate of all of the patients was more than 
90%, and no adverse events were reported.

The baseline characteristics of the patients did 
not differ significantly between the two groups. 
There was no significant difference in dialysis 
adequacy between the two groups at baseline and 
the end of week 8 (Table 1).

There were no significant differences in the mean 
dietary intake of calcium, phosphorus, protein, 
total fat, monounsaturated fatty acids, and omega 
6-polyunsaturated fatty acids between the two 
groups on weeks 1, 4, and 8. In addition, these 
factors did not significantly change within each 
group during the study (Table 2). The mean dietary 
intake of saturated fatty acids was significantly 
higher in the MCT oil group compared with the 
flaxseed oil group on weeks 1 and 4 (P < .05; 
Table 2); whereas the mean dietary intake of omega 
3-polyunsaturated fatty acids was significantly 
higher in the flaxseed oil group compared with 
the MCT oil group on weeks 1, 4, and 8 (P < .01; 
Table 2). There was no significant difference in the 
mean body weight and body mass index between 
the two groups on weeks 1, 4, and 8 (Table 2).

Serum N-telopeptide concentration reduced 
significantly in the flaxseed oil group at the end 
of week 8 compared to baseline (P < .01), whereas 
no significant change was observed in the MCT 
oil group. The reduction of serum N-telopeptide 
concentration in the flaxseed oil group was 
significant in comparison with the MCT oil 
group (P < .05; Table 3). No significant changes 
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were observed in serum RANKL, osteocalcin, 
osteoprotegerin, PTH, calcium, and phosphorus 
within each group during the study (Table 3).

DISCUSSION
Chronic kidney disease-mineral and bone 

disorder is a serious complication in hemodialysis 
patients,1,2 leading to a substantial increase in the 

fracture risk, vascular calcification, cardiovascular 
events, morbidity, and mortality, and to decreased 
quality of life.2,3 Bone is formed by osteoblasts 
while osteoclasts induce bone resorption.18 
N- telopeptide, or N-terminal telopeptide, is 
mobilized from bone by osteoclasts.19 In our study, 
daily consumption of 6 g of flaxseed oil, a rich 
source of plant omega-3 fatty acid alpha-linolenic 
acid, significantly reduced serum N-telopeptide 
concentration up to 17% during 8 weeks. In addition, 
there were no significant differences between the 
two groups in mean changes of serum calcium, 
phosphorus, and PTH. Therefore, the reduction 
of serum N-telopeptide in hemodialysis patients 
receiving flaxseed oil was not due to the changes 
in serum calcium, phosphorus, and PTH during 
the study period. To our knowledge, no studies to 
date have investigated the effects of flaxseed oil 
consumption on serum N-telopeptide concentration, 
in hemodialysis patients, to compare with the 
results of our study. However, in agreement with 
our study, Griel and colleagues showed that the 
consumption of a diet high in alpha-linolenic acid 
(including 38% total fat, 8% saturated fatty acids, 
12% monounsaturated fatty acids, 10.5% linoleic 
acid, and 6.5% alpha-linolenic acid), for 6 weeks, 

Summary of participants’ flow diagram.

Characteristics
Flaxseed 
Oil Group
(n = 17)

MCT Oil 
Group
(n = 17)

P

Sex
Male 12 (71.0) 10 (59.0)
Female 5 (29.0) 7 (41.0) > .05

Age, y 68.0 ± 3.0 59.0 ± 4.0 > .05
Intake of  drugs

Calcium carbonate 6 (35.0) 8 (47.0) > .05
Calcitriol 7 (41.0) 6 (35.0) > .05
Cinacalcent 0 0 > .05
Sevelamer 0 0 > .05

Duration of dialysis, y 4.4 ± 1.0 4.6 ± 1.0 > .05
Dialysis adequacy (Kt/V)

Baseline 1.20 ± 0.05 1.30 ± 0.05 > .05
Week 8 1.30 ± 0.10 1.20 ± 0.10 > .05

Table 1. Baseline Characteristics of Patients in the Flaxseed Oil 
and the Medium Chain Triglycerides (MCT) Oil Groups*

*Values are mean ± standard deviation or frequency (percentage).
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significantly reduced serum N-telopeptide in 
comparison with the American diet (including 
34% total fat, 13% saturated fatty acids, 13% 
monounsaturated fatty acids, 7.7% linoleic acid, 
and 0.8% alpha-linolenic acid) in human adults.12 
Also, Zwart and colleagues indicated that a higher 
intake of omega-3 fatty acids was associated with 
less N-telopeptide excretion during bed rest.9 In 
contrast, in Appleton and colleagues’ study, daily 
administration of 1.48 g of omega-3 long-chain fatty 
acids to mild-moderately depressed individuals 
for 12 weeks had no effect on serum C-telopeptide 
(C-terminal telopeptide).20 The disagreement of 
Appleton and colleagues’ finding with that of our 
study may be due to the administration of low 
dose of omega-3 fatty acids.

Inflammation is a common complication in 
hemodialysis patients that induces osteoclast 

differentiation and activation 4,18; therefore, one 
possible mechanism on the effect of omega-3 fatty 
acids on serum N-telopeptide is that these fatty 
acids can lower the osteoclastic activity by reducing 
the production of inflammatory cytokines.15 It 
has also been shown that serum N-telopeptide 
positively correlated with serum concentration of 
tumor necrosis factor, an inflammatory cytokine.12 
In agreement with the mentioned mechanism, we 
previously showed serum C-reactive protein, an 
inflammatory marker, reduced up to 24% in the 
flaxseed oil group.21 However, it is unclear whether 
alpha-linolenic acid itself exerts these effects or 
whether they are the result of its conversion to 
eicosapentaenoic acid and docosahexaenoic acid. 
Another mechanism by which omega-3 fatty acids 
can affect bone resorption is a decrease in the 
production of prostaglandin E2.15 It has been shown 

Factors Week 1 Week 4 Week 8
Calcium, mg/d

Flaxseed oil 468.0 ± 55.0 422.0 ± 40.0 582.0 ± 156.0
MCT oil 415.0 ± 45.0 516.0 ± 51.0 466.0 ± 53.0

Phosphorus, mg/d
Flaxseed oil 836.0 ± 69.0 786.0 ± 52.0 1039.0 ± 207.0
MCT oil 800.0 ± 69.0 941.0 ± 72.0 836.0 ± 92.0

Protein, g/d
Flaxseed oil 54.0 ± 5.0 56.0 ± 5.0 63.0 ± 4.0
MCT oil 55 ± 4.0 59.0 ± 5.0 58.0 ± 8.0

Fat, g/d
Flaxseed oil 48.0 ± 2.0 49.0 ± 4.0 56.0 ± 8.0
MCT oil 49.0 ± 4.0 50.0 ± 5.0 49.5 ± 6.0

Saturated fatty acids, g/d
Flaxseed oil 14.0 ± 1.0 15.5 ± 2 20.0 ± 4.0
MCT oil 20.0 ± 1.5† 23.0 ± 2.0† 23.0 ± 3.0

Monounsaturated fatty acids, g/d
Flaxseed oil 17.0 ± 1.0 17.0 ± 1.5 21.0 ± 3.5
MCT oil 16.5 ± 1.5 16.5 ± 2.0 16.0 ± 2.0

Omega 6- polyunsaturated fatty acids, g/d
Flaxseed oil 8.6 ± 0.6 8.5 ± 0.9 8.5 ± 1.4
MCT oil 9.0 ± 0.9 7.6 ± 0.9 7.3 ± 1.0

Omega 3- polyunsaturated fatty acids, g/d
Flaxseed oil 4.00 ± 0.05‡ 4.20 ± 0.09‡ 4.00 ± 0.09‡

MCT oil 0.60 ± 0.09 0.70 ± 0.12 0.40 ± 0.06
Weight, kg

Flaxseed oil 70.0 ± 3.0 71.0 ± 3.0 71.0 ± 3.0
MCT oil 63.0 ± 3.0 63.0 ± 3.0 63.0 ± 3.0

Body mass index, kg/m2

Flaxseed oil 26.0 ± 1.0 26.5 ± 1.0 26.5 ± 1.0
MCT oil 25.0 ± 1.5 25.0 ± 1.5 25.0 ± 1.5

Table 2. Changes in Dietary and Anthropometric Factors in the Flaxseed Oil and the Medium Chain Triglycerides (MCT) Oil Groups*

*Values are mean ± standard deviation.
†P < .05 compared with the flaxseed oil group
‡P < .01 compared with the MCT oil group
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that prostaglandin E2 promotes osteoclastogenesis.15

Receptor activator of nuclear factor kappa B 
ligand is expressed in different cells including 
osteoblasts. It is a ligand for the receptor activator 
of nuclear factor kappa-B (RANK) on the surface 
of osteoclasts and functions as a key factor 
for osteoclast differentiation and activation.15 
Osteoprotegerin is produced by different cells 
including osteoblasts and functions as a decoy 
receptor for the RANKL.15 Osteoprotegerin prevents 
RANK activation by binding RANKL; therefore, it 
reduces osteoclast differentiation and activation.15 
In our study, daily consumption of 6 g of flaxseed 
oil had no effects on serum concentrations of 
RANKL and osteoprotegerin. We found no human 
study on the effects of flaxseed oil consumption 
or omega-3 fatty acids on serum concentrations of 
RANKL and osteoprotegerin to compare with the 
results of our study. However, some in vitro and 
animal studies showed that omega-3 fatty acids 
inhibited osteoclastogenesis through decreasing 
RANKL expression or increasing osteoprotegerin 

expression.11, 22-24 The disagreement of findings 
from in vitro and animal studies with those of our 
study may be due to assessing the expression of 
RANKL and osteoprotegerin instead of measuring 
their serum concentrations.

Osteoca lc in  i s  produced exc lus ive ly  by 
osteoblasts.25 In the present study, flaxseed oil 
had no effect on serum osteocalcin concentration. 
To date, no research has investigated the effects 
of flaxseed oil consumption on serum osteocalcin 
concentration, in hemodialysis patients, to compare 
with the results of our study. However, in agreement 
with our study, some animal and human studies 
indicated that omega-3 fatty acids had no effect 
on serum osteocalcin concentration.8,26-28

The most important strength of our study was 
its design as a randomized controlled trial. Our 
study had 2 limitations; we did not measure bone 
density, and the sample size of this study was small.

CONCLUSIONS
This study indicates that daily consumption of 

Parameters Baseline Week 8 Change
N-telopeptide, nmol/L

Flaxseed oil 80 ± 19 66 ± 17† -14 ± 4‡

MCT oil 71 ± 23 70 ± 23 -1 ± 4
RANKL, pg/mL

Flaxseed oil 267 ± 69 290 ± 74 23 ± 23
MCT oil 212 ± 67 217 ± 66 5 ± 18

Osteocalcin, ng/mL
Flaxseed oil 23 ± 7 23 ± 6 0 ± 2
MCT oil 36 ± 14 36 ± 14 0 ± 4

Osteoprotegerin, ng/mL
Flaxseed oil 6.0 ± 0.5 6.0 ± 0.5 0.0 ± 0.5
MCT oil 6.0 ± 0.5 6.0 ± 0.5 0.0 ± 0.3

Parathyroid hormone, pg/mL
Flaxseed oil 57 ± 19 71 ± 20 13 ± 6
MCT oil 45 ± 9 44 ± 13 -1 ± 10

Calcium, mg/dL
Flaxseed oil 10.0 ± 0.2 10.3 ± 0.2 0.3 ± 0.3
MCT oil 9.7 ± 0.2 9.9 ± 0.3 0.2 ± 0.3

Phosphorus, mg/dL
Flaxseed oil 5.5 ± 0.3 5.8 ± 0.3 0.3 ± 0.3
MCT oil 6.0 ± 0.3 6.0 ± 0.4 0.0 ± 0.3

Calcium-phosphorus product, mg2/dL2

Flaxseed oil 55 ± 3 61 ± 4 6 ± 5
MCT oil 59 ± 3 59 ± 5 0 ± 4

Table 3. Serum Concentrations of Bone Turnover Markers, Parathyroid Hormone, Calcium, and Phosphorus in the Flaxseed Oil and the 
Medium Chain Triglycerides (MCT) Oil Groups*

*Values are mean ± standard deviation. RANKL indicates receptor activator of nuclear factor kappa B ligand.
†P < .01 compared with baseline
‡P < .05 compared with the MCT oil group
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6 g of flaxseed oil may reduce bone resorption in 
hemodialysis patients.
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