The effects of flax seed oil consumption on anthropometric factors in 30 to 60 years old patients suffering from metabolic syndrome: A randomized clinical study
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Abstract:

Background: The metabolic syndrome is known as a chronic disease which can lead to diabetes and cardiovascular disorders. Functional foods found to posses some advantages on health and also can lower the risk of chronic diseases. We aimed to investigate the effects of flax seed oil replaced with sunflower oil, on anthropometric factors in 30 to 60 year old people who suffer from metabolic syndrome.
Materials and Methods: This is a randomized clinical study, in which 60 participants, aged from 30 to 60, who were suffering from metabolic syndrome, were chosen according to the ATP III definition and were split into two even groups, one of which received flax seed oil and the other sunflower oil. Each group received 25 ml of the specified oil on a daily basis. This study lasted 7 weeks. Blood pressure, hematologic factors and anthropometric measurements were performed on the first and last days of the study. 
Results: No significant differences were seen in the weight of both groups. The waist circumference in flax seed oil group was reduced significantly compared with control group (p=0.001).

Conclusions: ALA can influence fatty tissues cells size and minimize them. In other experimental studies, ALA has prevented the increase in adipose tissues. It seems that flax seed oil has benefits on prevention and cure of metabolic syndromes.
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Introduction:

Metabolic syndrome is one of the greatest global health problems. Those who suffer from this syndrome are more at the risk of diabetes, cardiovascular diseases (CVD) and ultimately death. It is clear that genetic, metabolic and environmental factors have a significant role in appearance of this disease [1- 3]. 

This syndrome was first introduced by Reaven et al. in the diabetes magazine in 1988. Their theory was that insulin resistance is a common etiologic phenomenon in a group of diseases that includes; blood sugar disorders, hyperinsulinemia, increase in Very Low Density Lipo-Protein (VLDL) levels, triglycerides and decrease in High Density Lipo-Protein (HDL) levels, and hypertension. He named this syndrome "the X syndrome" to emphasis on its unknown sides. Kaplan added abdominal fat to this collection which may be the most important part, defined as the fat deposition in the abdominal fatty tissues. He called this collection as "The Death Quadruple" (hypertriglyceridemia, impaired glucose tolerance (IGT), abdominal fat and hypertension) [4].

Based on global parameters, the metabolic syndrome is breaking out all over the world, in particular, after middle age. This is due to various factors such as; overweight and elderly which are the two most noticeable points [4]. In Tehran more than 30% of the old people and 10% of the youth have been affected by this syndrome. This rate is rising faster than developed countries such as the United States [3].

 As the International Diabetes Federation (IDF) has estimated, one-fourth of the global population is suffering from the metabolic syndrome depending on race, age and sex. The prevalence of this syndrome is between 10% to 84% including, 20% of the adults in the United State [5].

 The risk of becoming a diabetic in over weighted patients with metabolic syndrome is 10 times higher. Framingham study revealed that, every 2.25 kg of extra weight can lead to 21% to 45% higher risk of metabolic syndrome and from those with metabolic syndrome 46% of them had a larger Waist Circumference (WC) [4].
 The global prevalence of obesity is increasing. According to a report by the World Health Organization (WHO), the rate of Body Mass Index (BMI) has increased from 1.3 billion people in 2005 to 1.52 billion in 2015 [5]. 

Treating the metabolic syndrome is in fact curing its constituents. In definition, all factors involved in the metabolic syndrome have been given an equal value. However, reducing some of more significant risk factors such as abdominal fat can be more effective than hypertriglyceridemia. After changes in lifestyle, healthy diets and regular exercises, Metformin has been the most consumed drug in order to attenuate the symptoms. In extreme cases of obesity which do not respond to the usual treatment and regimen, surgery is the final resort. However, Chances of unsuccessful surgical treatment and side effects are high [4].
 Lifestyle changes and appropriate diets have been more successful in reducing metabolic syndrome than drug consumption. For prevention and healing, quality and properties of foods are more important for those with metabolic syndrome. In this regard many studies have shown that type of fat is much more important than total fat amount for reducing weight and fatty tissues related to this disease [6, 7].

 Dietary recommendations with the aims of decrease in dietary fat consumption may help to control the dangerous factors related to the metabolic syndrome. However, it is important to know that by decreasing fat calorie portion, an increase in the carbohydrate calorie intake portion is inevitable. This condition may lead to increase in serum triglyceride, a decrease in serum HDL-C and impaired glucose metabolism, which are the main part of metabolic syndrome [8].
Despite scientific evidences suggesting the potential importance of various dietary fatty acids on CVD risk, Lack of consensus is seen yet. Evidences show negative health impacts of Trans Fatty Acids (TFA) and Saturated Fatty Acids (SFA) on increasing CVD risk. Restricting TFA and SFA consumption to less than 1 and 7 % of energy intake, respectively, are demanded. Replacing SFA and TFA with n-6 Polyunsaturated Fatty Acids (PUFA), n-3 PUFA, or Monounsaturated Fatty Acids (MUFA) may result in Cardiovascular health benefits; however, the optimal amount of PUFA or MUFA that can be used to replace SFA and TFA has not been defined yet [9].
Therefore, considering the interaction between nutrients and metabolic syndrome and due to the importance of daily household type of oil consumption in health, and prevention from diseases, we aimed to investigate the effects of flax seed oil replaced with sunflower oil, on anthropometric factors (weight and WC) in 30 to 60 year old people who suffer from metabolic syndrome.

Materials and Methods:
 Our study population includes patients who had been referred to Shiraz Healthy heart institute, affiliated to Cardiovascular Research center of Shiraz University of Medical Sciences, from April to June 2015. We selected metabolic syndrome patients according to the Adult Treatment Panel III (ATP III) protocol, those volunteers who had 3 or more of five below characteristics:

1) Abdominal fat (WC more than or equal to 102 cm in men and more than 88 cm in women);

2) Low HDL-C level (less than 40 mg/dL in men and less than 50 mg/dL in women);

3) High serum triglyceride level (≥ 150 mg/dL)

4) Systolic blood pressure ≥ 130, or Diastolic blood pressure ≥85 mm/Hg) or already taking anti hypertension drugs
5) Impaired fasting blood Glucose (fasting blood glucose ≥ 110 mg/dL)

Exclusion criteria: The exclusion criteria in this study were any records of allergy to sunflower or flax seed oil and most of the beans and nuts, thyroid diseases, alcoholism and smoking, simultaneous presence in other clinical researches, aspirin consumption or any kind of NSAID, propranolol consumption, any kind of infection at the beginning or during the study, diabetes leg sores, any record of heart attack or angioplasty or any kind of hospital surgery 6 months before the study, pregnancy or breast feeding, insulin consumption, supplementation with multi-vitamin or supplements containing omega 3 during the past 3 months before the study, and consumption of any steroids.

There was no prohibition for blood glucose decreasing drugs during the past 3 months and during the study. But the drug dosage must be unchanged during the study. 
The minimum number of samples was calculated to be 60 participants. Study aims and the procedures were explained to the participants. Then, they were asked to sign the informed consent forms. They were also allowed to withdraw from the study for any reason and at any time.

 Then, using the block method, the population was divided into control and intervention groups. Both groups' subjects were matched regarding sex and age; each group included 20 men and 10 women.
 Demographic characteristics including age, sex, height, weight, WC, BMI and dietary intake measurements (as calorie and macronutrients) were fully recorded in separate forms for each participant. After explaining the treatment aimed in this study, a paper including the advised diet information, formulated for each participant was given to each individual.

 All the participants passed a 3 week wash out period before the beginning of the intervention. The intervention for 7 weeks was done on all the participants while receiving the appropriate diet in accordance to their weight and body activity.
Using the Estimated Energy Requirement formulas, the advised diets for keeping weight unchanged, included 55% carbohydrates, 15% protein, and 30% fat. After the wash out period, the measurements for all the participants were done. Anthropometric measurements included 1) height: in form of standing stature, without shoes and standing upright, using a standard measuring tape; 2) WC: the minimum measurement in the span under the chest (ribs) and above the iliac bone by standard measuring tape, with 1 mm of accuracy; and 3) weight: while the patient putting on the least clothes, using Seca analog scale with 0.5 kg of accuracy. The BMI was calculated for each participant as the weight (kg) divided by the height squared (meter).

During the flax seed oil receiving diet intervention, the control group continued with the oil replacement with the same amount of sunflower oil. According to the specified group, each individual received 25 ml of flax seed oil or sunflower oil on a daily basis, which considered as a part of total available recommended dietary fat (30% of total energy). The participants were asked to add the specified oil to their salad, rice or every sort of food before consumption under the condition that the oil should not be heated. A scaled cup was given to each participant to facilitate the accuracy of daily oil measures. Participants were advised not to change their physical activities during the study. The participants were followed up every week by phone calls at the beginning of each week during the study. Also, the participants in each group came to Shiraz Healthy Heart Institute every two weeks to provide their consuming oil and diet follow up.

According to the mentioned protocol, anthropometric measurements were repeated on the 49th day of the study (at the end of the study).

All the statistical analyses were performed using the SPSS statistical software, v. 20.0 (SPSS Inc., Chicago, IL). P-values<0.05 were considered to be statistically significant. The results were expressed as mean ± SD. At first, One-Sample Kolmogorov-Smirnov normality test was performed to confirm normal distribution of the data. Within-group differences between baseline and post-intervention values were analyzed using paired t-test, while between-group differences were assessed by unpaired t-tests. 
Results:

 From 60 participants in both groups, 26 finished the study period in each group (52 both) and 4 of them abandoned the study for a variety of reasons, as lost to follow up, lack of enough motivation and unpleasant oil taste. Table 1 represents the final composition and demographic information of the participants in each group.

Weight, BMI and WC were similar in both flax seed oil and sunflower oil receiving groups at the beginning of the study. Table 2 shows these factors as the initial characteristics of the study population.
Compared to the beginning of the study, significant within-group changes in the flax seed oil receiving group were observed after treatment, including a reduction in weight (p=0.30), BMI (p=0.30) and WC (p=0.003). On the other hand, in sunflower oil receiving group, significant reductions in weight (p=0.004) and BMI (p=0.004) were observed; WC, however, showed a slight non-significant raise (p=0.114).
The mean of the changes and the difference between both groups is represented in Table 2. Although non-significant reduction in weight and BMI were observed between groups, but the only significant outcome was the reduction in the WC after consumption of flax seed oil compared to control group (p=0.001).
Discussions:

 In accordance to the results of the present study, no significant changes were observed in weight and BMI after 7-week period of receiving flax seed oil. However, WC was reduced in experiment group, compared to the control group.

 Some studies, found relationship between WC and alpha linolenic acid. Hossein Pourniazi et al. found a reverse association between receiving omega 3 fatty acids, alpha linolenic acid and abdominal fat [10]. Also another research showed a reverse relationship between receiving fish and abdominal fat [11].

In the obese individuals, the ALA provided from flax seed contributes to a raise in eicosapentaenoic acid and decosahexaenoic acid levels of blood, without need to consume fish and sea foods. It also prevents the increase of weight, BMI, and WC [12].

 Most of the interventional studies on humans and animals showed that although flax seed oil does not reduced weight significantly, but it could prevents or reduces the extra weight gain which was observed at the same time in the control group. In the present study, weight reduction was observed in both groups which can be a result of the dietary advises and calorie adjustments.

 Prasad et al. in 1997 studied on 4 groups of rabbits in their research: control group, flax seed receiving group (7.5 gr/Kg/day), one group with 1% cholesterol in their diet and the last group receiving 1% cholesterol diet with 7.5 gr/Kg/day flax seed. Weight gains were equal in both control group and 7.5 gr/Kg/day flax seed receiving group. In the hypercholesterol diet with flax seed receiving groups, however, weight gain were not observed. They suggested that receiving flax seed can prevent from weight gaining effect of high cholesterol diet [13].
Tint et al. (2011) study revealed that after 90 days of receiving low dose of flax seed oil (1.2 g/day ALA), no raise was observed in BMI, compared to the same period of consumption of corn oil. Meanwhile, corn oil consumption led to BMI increment. No ALA containing oils, such as canola or soy bean oils were consumed by their participants usually before the experiment, so ALA deficiency was possible in their study population [14]. Vijaimohan et al. (2006) survey obtained similar results and showed that with a raise in fat portion of the diet, weight increases and while in flax seed oil receiving group, there was significantly less extra weight gain than soy bean oil [15].

Ennsa et al. (2014) found that in a high-fat diet, enrichment with MUFAs or PUFAs, with different n-3 and n-6 contents, or an increase in receiving ALA, may lead to slight changes in parameters related to obesity, adipose tissues function and inflammation.. Adipose tissues are the secondary main center for fatty acid synthesis, after the liver. In spite of the changes to the adipose tissues’ fatty acids contents following the changes in receiving dietary fatty acids contents, the diet indicated insignificant effects on adipose tissues function [16].

PUFAs contribute to lipogenic gene expressions such as fatty acid synthesis, but this contribution is specific to hepatocytes. The mechanism of action for PUFAs enriched diets as a dietary intervention in fatty acid synthesis is not clarified and no changes were observed in mRNA fatty acid synthesis levels in fat cells. Despite no change in the function or volume of the fat tissue, the cell size may get minimized or change into a phenotype which can improves its function [16].

 Considering insulin functions and its anabolic effects, Pouteau et al. (2010) measured the insulin levels in their study groups. The highest subcutaneous fat accumulation (80%), which is the biggest source of body fat, can be observed when, 0.8% ALA containing diet is provided instead of 10%, in guinea pigs diet after birth. The 0.8% ALA diet receiving group had a higher insulin level than the other group. This hyperinsulinemia may be related to the increase in adiposity. This may occurs in many animal species and human body.

 The eicosanoids resulting from fatty acids metabolism contribute to the proliferation and the differentiation of adipose tissues cells. Eicosanoids show various effects on different types of adipose tissues (visceral and subcutaneous).

The content of diet or essential fatty acids deficiency may have effects on intervention outcomes. Smoking mothers have lower levels of ALA in their milk than the non-smoking ones. These mothers have higher risks of future extra weight gain [17].

 Considering the aforementioned mechanisms, ALA can have effects on weight or adipose tissues in several ways, including the direct effect of ALA or its long-chain metabolites, or the eicosanoids resulting from ALA metabolism. In spite of the reverse relationship found in some studies between ALA and cardiovascular diseases, the direct effects of ALA on weight have not been studied perfectly. Many epidemiologic studies, revealed strong relationship between BMI and WC on one side and, mortality and cardiovascular diseases on the other side [12]. 

Therefore, it is essential to design further studies considering the possible unknown mechanisms involved in ALA effects on patients with high risks of cardiovascular diseases like metabolic syndrome. One of the strong points of our study is using nutritional strategy to stabilize physical activity and dietary intakes in patients. These strategies were consulting, planning and monitoring the patient’s diet during the study. The novelty of our study is to use the first cold press oil without any process or extracting. Also our study met some limitation such as lack of testing insulin secretion or insulin receptor respond or sensitivity changes, and energy metabolism rate or indicators.
 Despite the ambiguous mechanisms of action of ALA on visceral fat, it seems that flax seed oil may have some beneficial effects on reducing WC and it can be helpful in prevention of metabolic syndrome and its adverse side effects.

 Flax seed oil is a suitable replacement for saturated fatty acids. By replacing the household saturated oil consumption with flax seed oil its useful effects are more clarified. It also can be an appropriate substitute for the daily oil consumed by patients who suffer from metabolic syndrome as a cure or prevention.
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Tables

Table 1. Baseline demographic information of the patients
	
	Men No.

(%)
	Women No.

(%)
	Age

(Average ± SD)

	Flax seed oil
	17 (65.4%)
	9 (34.6%)
	48.3±6.9

	Sunflower oil
	16 (61.5%)
	10 (38.5%)
	48.8±6.4

	P- value
	0.779
	0.773


Table 2: Comparison of the mean values of the variables before and after the experiment 
	Variables
	Phase of intervention
	Flax seed oil  group
	Sunflower oil group
	p-value

(normality test)
	Between group difference 

	Bodyweight (Kg)
	
	
	
	
	

	
	Phase of intervention
	Before
	81.17±11.23
	84.50±14.89
	0.366
	

	
	
	After
	80.31±11.55
	83.57±15.01
	0.384
	

	
	
	Change       
	0.85±1.90
	0.93±1.52
	
	3.26

	
	p-value
	
	0.030
	0.004
	
	0.728

	BMI (m2/Kg)
	
	
	
	
	

	 
	Phase of intervention
	Before
	28.68±3.99
	29.74±4.29
	0.363
	

	
	
	After
	28.38±4.14
	29.41±4.38
	0.390
	

	
	
	Change       
	0.29±0.66
	0.33±0.53
	
	1.02

	
	p-value
	
	0.030
	0.004
	
	0.749

	WC (cm)
	
	
	
	
	

	
	Phase of intervention
	Before
	99.42±6.95
	101.85±10.73
	0.339
	

	
	
	After
	97.15±7.89
	102.69±11.75
	0.052
	

	
	
	Change 
	2.26 ±3.58
	0.84±2.63
	
	3.11

	
	p-value
	
	0.003
	0.114
	
	0.001


