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ABSTRACT
Nuts have been shown to have beneficial effects on human health due to the healthy fat content. Among naturally
occurring foods, walnuts are one of the highest sources of the n-3 fatty acid alpha-linolenic acid so we aimed the
present study to assess the effect of inclusion of walnut in the diet of male patients of Stage I essential hypertension
without secondary complications, on lipid profile, blood pressure. 27 patients of stage I essential hypertension were
selected and were assigned the two types of diet in which one is control and other is study diet incorporated with the
walnut diet for six weeks. All measurements like anthropometry (Body mass index was calculated, Waist
circumference and Hip circumference was measured and the ratio is derived), blood pressure and lipid profile are
done at the beginning and after completion of intake of control diet and study diet.Results are tabulated. The serum
lipid profiles shows the mean total cholesterol level decreased, LDL cholesterol decreased, HDL/LDL ratio decreased by
28.94 which is statistically more significant and increase HDL cholesterol p value 0.02 is significant. The systolic blood
pressure is reduced P value < 0.001 and diastolic blood pressure reduced P value < 0.001 are also Very Significant, the
Waist circumference and Waist Hip ratio were significant due to walnut diet as compared to control diet. Nut
consumption improves blood lipid levels, blood pressure and waist-to-hip ratio as compared to control diet.
KEYWORDS: Walnuts, Waist circumference, lipid profile, blood pressure.
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INTRODUCTION
Nuts are a rich source of unsaturated fatty acids,
vitamin E (which may function as an antioxidant),
fiber, magnesium, potassium, and arginine1.
Unsaturated fatty acids and fiber may improve
plasma lipids (by decreasing triacylglycerol and
cholesterol concentrations)2–4, decrease platelet
aggregation5–7, and prevent arrhythmias8. Cations,
such as magnesium and potassium, may improve
blood pressure9, and arginine may lower blood
pressure by promoting the production of nitrous
oxide and causing vasodilation10. A unique aspect
of walnuts is that they are a rich source of both n6 and n-3 PUFAs 11, they contain approximately 9
gm of alpha-linolenic acid per 100 g of edible
matter. Studies of dietary intervention with walnut
in the humans show beneficial effect on serum
lipid profile and blood pressure 12-15.
Inclusion of walnut in the diet increases
the polyunsaturated to saturated fatty acid ratio
(P: S) which has been reported to reduce blood

pressure in humans to a significant extent 16. In a
controlled feeding trial by Sabaté and
colleagues, a diet in which walnuts represented
55% of the energy from fat reduced blood
cholesterol levels in normal young men when
compared with a standard low-fat diet. Animal
studies indicate that polyunsaturated fatty acids
coordinately regulate the expression of several
enzymes that leads to negative energy balance
17
and reduced central obesity 18,19. So we aimed
this study is to evaluate the effects of walnut
consumption on various parameters.

MATERIALS AND METHOD
The study was approved by Ethical Committee.
27 newly diagnosed male patients of Stage I
Essential hypertension with no other risk factors
(Classification based on the European Society of
hypertension 20, age between 34 to 42 years and
having body mass index above 28 are selected
from
Medicine
outpatient
department
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Mallareddy institute of medical sciences,
Jeedimatla, Hyderabad. Exclusion criteria includes
known
food
allergy
to
nuts, Familial
hypercholesterolemia, diabetes
mellitus,
secondary hypertension, liver, kidney, thyroid or
other
endocrine
diseases
assessed
by
medical history, a complete physical examination
and laboratory tests were done, intake of
medications known to affect lipid metabolism
including hypolipidemic agents for the previous 8
weeks. Patients were assigned the two types of
diet in which one is control and other is study diet
incorporated with walnut. Individually all the
patients were given in detail written and oral
instructions of the diet to be followed. The
experimental diets were individually prescribed
and
were based
on
estimated
energy
requirements. The patients followed control diet
for four weeks and then the walnut diet for six
weeks as lipoprotein changes due to dietary
intervention stabilize in less than 4 weeks 21. The
experimental diets were individually prescribed
and
were based
on
estimated
energy
requirements. Diets were calculated in increments
of 200 kcal to cover the range from 1600 to
2200 kcal. Prepacked shelled walnuts were
provided daily in amounts varying from 30 g to 45
g (the equivalent of 6 to 8 walnuts); according to
the participants' total energy intake. In the
study diet, walnuts contributed approximately 18%
of the total energy and 35% of the total fat.

Height and weight of the subjects was measured
on a pre-standardized weighing scale (Weight
height machine, L.C.S. Control PVT. LTD., Chennai).
Body mass index (BMI) was calculated using the
formula weight (in kg) divided by square of height
(in m2).
Waist circumference and Hip circumference was
measured and the ratio is derived.
Blood pressure was measured by a standard
mercury
sphygmomanometer
(Industrial
Electronic and Allied Products, Pune, India).
Venous blood were obtained after a 14 hours of
overnight fast and Total cholesterol (TC), High
Density Lipoprotein- Cholesterol (HDL-C) and
Triglycerides (TG) in plasma were measured by
enzymatic methods using auto analyzer in the
central clinical laboratory ( De Behring Dimension
RXL Max with HM). Low-Density LipoproteinCholesterol (LDL-C) was calculated by Friedewald's
22
formula.
All measurements like anthropometry, blood
pressure and lipid profile are done at the
beginning and after completion of intake of
control diet and study diet.
The two measurements obtained at baseline and
at the end of each dietary period were averaged.
Means and SDs are presented for each
measurement. With methods described by Fleiss
23
, two-tailed t-tests and the percentage difference
were used to compare changes in outcome
variables in response to dietary treatment at the
end of control diet (4 weeks).

RESULTS:
Sr. Variable
No

Start

1

Total Cholesterol

193.9 SD ± 37.2

191.9 SD ± 38.2

173.4 SD ± 14.3

< 0.01 More significant

2

Triglycerides

164.14 SD ± 63.9

160.3 SD ± 67.4

139.12 SD ± 36.9

< 0.01 More Significant

3

HDL-cholesterol

45.36 SD ± 4.83

43.30 SD ± 4.05

48.67 SD ± 3.02

0.02 significant

4

LDL-Cholesterol

110.89 SD ± 22.98

113.89 SD ± 27.28

98.35 SD ± 10.38

< 0.01 More significant

6

HDL/LDL ratio

0.41

0.38

0.49

<0.001 Very Significant
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0 weeks
Mean ± SD

Table I: Changes in the lipid Profile
After
Control After
Walnut P value
Diet
Diet
4 Weeks
6 Weeks
Mean ± SD
Mean ± SD
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Table II: Changes in Blood pressure
Before start of
After control Diet After walnut Diet
the study
( 4weeks)
( 6 weeks)
Mean +/- SD
Mean +/- SD
Mean +/- SD

1

Systolic Blood
pressure

148.61 SD 9.89

147.61

130.53 SD 8.09

<0.001 Very Significant

2

Diastolic Blood
pressure

94.48 SD 4.16

SD +/-7.89
95.76

86.3

<0.001 Very Significant

SD +/- 5.16

SD +/-5.32

Table III : Changes in the various parameters of Anthropometry
Baseline
After
Control After Study Diet P value
Diet (4 weeks )
(6 weeks)
Mean +/- SD
Mean +/- SD
Mean +/- SD

Sr.
No.

Parameter

1

Weight (Kg)

82.11 SD +/-4.17

82.14 SD +/-4.81

80.157 SD +/-4.92

Not significant

2

BMI (Kg/m2)

28.12 SD +/-2.32

28.13 SD +/-2.79

27.73 SD +/-2.56

Not significant

3

Waist (cm)

92.1 SD +/-7.315

91.48 SD +/-7.90

87.25 SD +/-7.18

P value <0.05 Significant

4

Hip (cm)

98.39 SD +/-8.36

98.36 SD +/-7.17

97.38 SD +/-7.29

5

WHR

0.929 SD +/-0.102

0.931 SD +/-0.107

0.89 SD +/-0.112

P value > 0.05 Not
significant
P value < 0.05 Significant
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DISCUSSION
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P value

In our study “the effect of inclusion of walnut in
the diet of male patients of Stage I essential
hypertension without secondary complications”,
we
found
that
substituting walnuts
for
approximately 33% of the energy from fat
decreased total cholesterol and LDL cholesterol
levels and increased HDL cholesterol and lowered
the HDL / LDL ratio significantly, associated with
decreased systolic and diastolic blood pressure
significantly. Our findings are consistent with
those of an earlier study by Sabaté J 4.
The serum lipid profiles are presented in Table I.
The mean total cholesterol level decreased P value
is < 0.01 more significant, LDL cholesterol
decreased P value is < 0.01 more significant,
HDL/LDL ratio decreased < 0.001 which is
statistically more significant and increase HDL
cholesterol p value 0.02 is significant due to
walnut diet as compared to control diet.
Nuts are rich in plant sterols, natural compounds
that might contribute to cholesterol lowering by
interfering with cholesterol absorption, 24 and this
effect would be blunted when cholesterol
absorption rates are low.

Changes in Blood pressure are presented in Table
II. The systolic blood pressure is reduced P value <
0.001 and diastolic blood pressure reduced P value
< 0.001.
Essential hypertension is associated with an
abnormal level of antioxidant status compared to
normal response to oxidative stress or both 25. An
increase in production of Reactive oxygen species
(ROS) like superoxide anion and hydrogen
peroxide, reduction of nitric oxide synthesis, and a
decrease in bioavailability of antioxidants have
been demonstrated in human hypertension26.
Findings suggest a strong association between
blood pressure and some oxidative stress-related
parameters and an abnormal level of antioxidant
status as compared to normal response in
development of the pathophysiology of essential
hypertension 27. (Table III)
Walnut intake improves endothelial function by
virtue
of
its anti-inflammatory
potential
of polyphenolic-rich component ellagic acid on
endothelial cells. Evaluation of the effect of
walnuts extracts shows that expression of
CAMs (cell adhesion molecules) on endothelial
cells is reduced which prevents binding and
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recruitment of circulating monocytes which is the
first step of atherosclerosis and as well
as modulation of endothelial function and
28,29
receptor
mediated LDL clearance
that
attenuates the process of atherosclerosis. Walnut
is rich in the amino acid arginine, releases NO
which delays endothelial cell senescence 30.
Reiter RJ et al suggests melatonin is present in
walnuts and, when eaten increase blood
melatonin concentrations31. It also contains
vitamin E (as γ-tocopherol) and several nonflavonoid polyphenols (e.g., ellagic acid monomers
and polymeric ellagitannins) are known to have
the antioxidant capacity. So Walnut consumption
increases
the
blood
Melatonin
and polyphenol correlates with an increased
antioxidative capacity of serum which scavenges
the free radicals and increases the bio-availability
of nitric oxide (NO) leads to increase in the
vasodilatation, and leads to decreased blood
pressure 32.
Walnuts rich in n-3 pufa and melatonin solves both
problems of sleep disturbance and high arterial
blood pressure and betters circadian rhythm of
blood pressure which involves night time dip in
the blood pressure. Omega 3 fatty acids are also
known to enhance parasympathetic activity and to
increase the secretion of anti-inflammatory
cytokines as well as acetylcholine in the
hippocampus and helps to decrease the blood
pressure and autonomic imbalance in patient of
essential hypertension 33, 34.
An animal study indicates (n-3) polyunsaturated
fatty acids (PUFA)-deficient diet lessens the
melatonin
rhythm,
weakens
endogenous
functioning of the circadian clock, and plays a role
in nocturnal sleep disturbances, increases
sympathetic nervous system activity and leads to
higher setting of arterial blood pressure 35.
We observed that due to walnut consumption
there is statistically significant reduction in the
waist circumference P value < 0.05 Significant and
waist to hip ratio P value < 0.05 Significant as
there is reduction in the central obesity. In
centrally
obese
persons
the
chronic
hyperleptinemia 36 as a result of excess secretion
of leptin from adipocytes increases blood pressure
because these acute depressor effects are
impaired and/or additional sympathetic nervous

system-independent pressor effects appear, such
as oxidative stress, NO deficiency, enhanced renal
sodium reabsorption and overproduction of
endothelin 1, a potent vasoconstrictor from
endothelial cells. Reduced central obesity results
in decreased blood pressure due to reduced leptin
and endothelin 1 level 37.
Visceral form of obesity is reduced to some extent
by Melatonin in walnut which reduces sleep
disturbance as it reduces the appetite because of
reduction in ghrelin: leptin through a complex
neuroendocrine regulation pattern 38. A clinical
trial involving humans shows long term
supplementation of L-Arginine results in decrease
in fat mass and waist circumference due to
reduction in central obesity 39. Walnut is rich in
the L-arginine plays important role in reduction in
visceral obesity.
An animal study indicates that polyunsaturated
fatty acids coordinately regulate the expression of
several enzymes involved in carbohydrate and
lipid metabolism
which
are
effective at
suppressing the level of mRNAs encoding genes
specific for glycolytic and lipogenic enzymes that
leads to negative energy balance40. The alterations
in gene expression in the liver associated with upregulation41 of beta-oxidation activity and in
adipose tissue fat accumulation42 in rats which
might explain the reduced central obesity in
humans. Further advance study is recommended
to evaluate the change in the gene expression
level of metabolic enzymes stated above to
reaffirm the findings in the humans which leads
reduced central obesity due to consumption n-3
PUFA.
In conclusion, although nut intake may affect
human
health
significantly,
mechanisms
underlying these effects are not completely
known. The present study suggests that the
walnuts nut consumption improves blood lipid
levels, blood pressure and waist-to-hip ratio as
compared to control diet, the potential
antiatherogenic effects of nuts and their possible
adverse effects necessitate further research.
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