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1 Introduction
A major risk factor for coronary heart disease (CHD) 

and atherosclerosis is hyperlipidemia which is prevalent in a 
significant proportion in the adult population. Between 11.7% 
to 41.2% adults aged 20-39 and 40-64 years respectively were 
found to have high levels of low density lipoprotein cholesterol 
(LDL-C) but 10.6% (20-39 years) and 47.7% (40-64 years) adults 
who had hyperlipidemia were being treated according to the 
National Health and Nutrition Examination Survey (NHANES) 
(Pencina et al., 2014). Cardiovascular diseases are a cause of 
death worldwide and dyslipidemia is one of the risk factor. 
In the United States around 45% of the adult population have 
≥ 200 mg/dL levels of total cholesterol (TC) and 33% of adults 
approximately have >130 mg/dL levels of low density lipoprotein 
(LDL) cholesterol where as 16% only have lower levels of high 
density lipoprotein (HDL) cholesterol concentration in the blood 
(<40 mg/dL) (Maki & Dicklin, 2020).

Lipid metabolism is affected by the type of lipid consumed 
through the diet and nuts are packaged with favorable nutrients 
that have shown to have a positive effect on the lipid profile as 
they are rich in monounsaturated and polyunsaturated fatty 
acids (Mushtaq et al., 2013). Omega-3 fatty acids can be attained 
from several sources. Short-chain omega-3, alpha-linoleic 
acid (ALA), is establish mostly in plant-based foods (e.g., 
walnuts, flaxseed, chia seeds). Long-chain omega-3 fatty acids, 
docosahexaenoic acid (DHA) and eicosapentaenoic acid 
(EPA), are predominantly obtained from marine-based foods 
(e.g., oily fish) (Abdelhamid et al., 2020). Tree nuts are dietary 

constituents that are known to improve lipid profile and among 
the tree nuts walnuts are the most common nuts consumed in 
the world (Hayes et al., 2016). Walnuts are the collective food 
with the highest content of ALA, the vegetable n-3 fatty acid 
(Ros et al., 2018). A study suggested that a low cholesterol diet 
helps to decrease plasma cholesterol levels (Toth, 2004). Moreover, 
consumption of tree nuts also lowered the body mass index and 
improve the lipid profile of the adults in a recent study done in 
the United States (O’Neil et al., 2015). Furthermore, one in three 
Pakistani adults are either obese or overweight and Pakistan 
lies among the top 10 countries that contribute to a significant 
percentage to the obese population in the world (Chester, 2014). 
Walnuts have a higher polyunsaturated fat content especially 
alpha linolenic acid (ALA) in combination with tocopherol, an 
antioxidant compared to other nuts (Storlien et al., 2000). A low 
fat diet given in combination with walnuts was seen to improve 
the total cholesterol levels in individuals as compared to an 
unaccompanied low fat diet (Almario et al., 2001). Furthermore 
walnut skin contains 6.5 mmol antioxidants, provided by one 
ounce serving, which is quite high compared to other tree nuts 
that are consumed (Zhang  et  al.,  2009). Consistent positive 
effect on reduction of total cholesterol (TC), and low density 
lipoprotein cholesterol (LDL-C) has also been determined by 
Griel & Kris-Etherton (2006). Essential fatty acids, like omega-3 
cannot be manufactured in the human body and need to be 
taken from the diet. Walnuts are rich sources of omega-3 fatty 
acid and studies have shown that an omega-3 fatty acid rich diet 
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can help to improve triglyceride levels and elevate high density 
lipoprotein (HDL) cholesterol, which is known to be the good 
cholesterol also anticoagulant properties are another specialty 
of the omega-3 fatty acid (Taj et al., 2010). In Pakistan, Punjab 
is one province where one can find diversity in eating habits. 
The residents of Lahore are known to live to eat, and they dine out 
or have a variety of dishes on their dining table very frequently. 
With that a growing trend of Hyperlipidemia is also seen, many 
screened and unscreened victims.

It is important to have a healthy lipid profile to protect 
oneself from the risk of developing degenerative diseases, and 
easy to follow dietary management needs to be implemented 
in the population. Therefore, this study was designed to see the 
effect of walnut consumption on lipid profile of hyperlipidemic 
patients as walnut is easily available in our community and liked 
by all age groups.

2 Materials and methods
The present study was conducted at Fatima Memorial Hospital, 

Lahore. The research was an experimental study. It comprised 
of obtaining initial information including anthropometric data, 
biochemical analysis, clinical evaluation, dietary and lifestyle 
information. Based on the baseline parameters the study 
population was divided into three groups i.e. group A (control), 
group B (25 g walnut kernel per day) and group C (50 g walnut 
kernel per day. After the intervention with walnuts, the groups 
are re-examined biochemically after a mid-point period of 
30 days and then at the end point after 56 days. The total study 
population consisted of 90 individuals. Each group was comprised 
of thirty (30) individuals.

2.1 Anthropometric profile

• Anthropometry including height, weight, and waist 
to hip ratio were taken. BMI was calculated using the 
standard Formula 1.

• Body Mass Index (BMI): the standard formula was used 
to calculate BMI:

( )
( )

( )/ 2
2 Kg m =BMI

weight  Kg

height m
 (1)

2.2 Biochemical assessment

Biochemical including 12 hours over night fasting blood 
samples were taken for total cholesterol (TC), triglyceride 
(TG), high density lipoprotein (HDL) cholesterol and low 
density lipoprotein (LDL). 5 mL of blood sample were drawn 
three times: 0 day, 30th day and on the 56th day of the study. 
The study population was divided into three groups that were 
observed for a total period of 56 days. The experimental group 
B was fed 25 g of walnut kernel per day and group C was fed 
50 g of walnut kernel per day without any dietary modification 
whereas the control group (group A) was fed with no walnuts. 
Blood samples were drawn after a mid-point period of 30 days. 

After intervention of 8 weeks (56 days) all biochemical tests and 
clinical evaluation which were initially conducted at baseline 
were done again. On the 0, 30th and 56th day blood samples were 
drawn for a comparative analysis of the lipid profile between the 
groups. Percentage change (decrease or increase) was calculated 
by the following Formula 2:

( )– /Baseline Value  End  of  Experiment  Value  Baseline Value x 100  (2)

2.3 Statistical analysis

Data analysis was done by using the SPSS version 20. 
ANOVA was applied between the three groups and the p value 
was set at <0.05 (95% of confidence level) to accept or reject the 
hypothesis if whether consumption of walnuts have an impact 
on the lipid profile or not.

3 Results and discussion
Cardiovascular diseases are a cause of death worldwide and 

dyslipidemia is one of the risk factor. In the United States around 
45% of the adult population have ≥ 200 mg/dL levels of total 
cholesterol (TC) and 33% of adults approximately have >130 mg/dL 
levels of low density lipoprotein (LDL) cholesterol where as 
16% only have lower levels of high density lipoprotein (HDL) 
cholesterol concentration in the blood (<40 mg/dL) (Curd, 2013).
The conventional use of statins to manage a normal lipid profile has 
growing side effects and people are looking for natural remedies 
that can cure and manage their illness. Nuts, especially walnuts 
have beneficial effects on the human health and are considered 
inexpensive and safe to use for treating dyslipidemia. They have 
significantly shown to reduce blood lipid markers like total 
cholesterol, LDL and triglycerides and raise HDL- cholesterol. 
The mechanism behind this is thought to be the reduction of 
the expression of SREBP-1c and the rise of PPARα expression 
as observed in diabetic rats (Mushtaq et al., 2013). The effects of 
walnut consumption may depend on the metabolic state, with a 
neutral effect on insulin sensitivity reported in healthy humans, 
but reduced insulin resistance described in patients with MetS and 
in overweight or obese women(Scott et al., 2017). Alterations in 
the lipid profile have also been associated with age. Estrogen is 
the major protective hormone in women and that protection 
is altered by menopause. Estrogen favorably affects the lipid 
profile. The occurrence of abnormal lipid levels occurs more in 
men rather than women, but after menopause it becomes more 
prevalent in the latter. Dietary and life-style factors may influence 
the age dependency of lipid profile(Manson et al., 2020).

The present study was undertaken due to the fact that in 
Pakistan no clear dietary indicator or value for a normal or 
hyperlipidemic individual has been established. This is because 
the dietary habits of people are quite diverse and no regular 
checkup is given importance by general public. This results in 
sudden heart attacks or stroke.

3.1 Socio demographic profile of patients

The Figure 1 represent the socio demographic data of the 
individuals in each group. Group A (control) and group C (50 g/day) 
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had 57% (n=17) males and 43% (n= 13) females whereas group 
B consisted of 60% (n=18) males and 40% (n=12) females. 
The mean age in the three groups were 38.0 ± 8.1, 37.0 ± 9.0 
and 38.0 ± 8.1 years respectively. 18% (n=16) had age below 
30  years, 29% (n=26) between 31 to 35 years, 20% (n=18) 
between 36-40 years and 33% (n=30) above 40 years of age as 
shown in Figure 1. 70% (n=21) of individuals were married in 
group A and C and 30% (n=9) unmarried whereas 63% (n=19) 
were married in group B and 37% (n=11) unmarried in group B.

3.2 Nutritional status of subjects

Figure 2 represent the body mass index data of the 
individuals in each group. The mean BMI in Group A (control) 
was 29.4 ± 5.8 kg/m2, 26.0 ± 5.3 kg/m2 in group B (25 g/day) 
and 27.9 ± 5.3 kg/m2 in group C (50 g/day). Moreover, Group A 

(control) had no underweight individuals whereas group B and 
group C had 10% (n=3) and 6.7% (n=2) of individuals who 
were underweight. 26.7% (n=8) from group A, 33.3% (n=10) 
from group B and 20% (n=6) from group C had their body 
mass index in the normal range. A higher BMI is a risk factor 
to develop diseases and 33.3% (n=10) from group A and C and 
36.7% (n=11) from group B had a BMI greater than 25 kg/m2 
and were categorized as overweight. In the obese category 
40% (n=12) individual were categorized from group A and 
C and 20% (n=6) in group B. In the present study there was 
no significant change observed in bodyweight or BMI of the 
individuals after consuming 25 g or 50 g of walnut kernel for 
fifty-six days. The results are in line with the research conducted 
by Katz et al. (2012), who concluded that walnut consumption 
had no association with bodyweight. Moreover, when walnut 
supplementation was assessed on postmenopausal women no 
association was seen between walnut consumption and body 
weight gain (Almario  et  al.,  2001). However, in a research 
conducted by Mushtaq  et  al. (2013) it was found that daily 
consumption of walnuts resulted a reduction in the body mass 
index in obese adults.

3.3 Biochemical assessment of the subjects

Biochemical analysis was done in the research which included 
blood lipid profile analysis in which total cholesterol, serum 
triglyceride, low density lipoprotein cholesterol (LDL-C) and high 
density lipoprotein cholesterol (HDL-C) levels were monitored 
on day zero, 30th day and 56th day of the study. The tables below 
describe the results concluded:

The results presented in Table 1 revealed no significant 
difference (p > 0.05) in total serum cholesterol levels of both 
the genders. The control had 205.2 ± 24.9 mg/dL, group B had 
203.6 ± 25.5 mg/dL and group C had 207.8 ± 13.9 mg/dL which 
indicated similar mean values on day zero. The serum samples 
on 30th day in all the tree groups also showed no significant 
differences as shown in Table 1 with the values 203.1 ± 25.3 mg/dL 

Figure 2. Frequency of Body Mass Index (BMI) of Subjects.

Figure 1. Socio Demographic Profile of the Patients (N: number 
of patients).
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for group A, 191.0 ± 24.1  mg/dL for group B which was 
fed 25  g walnut kernel per day and 182.5 ± 17.3  mg/dL for 
group C which was fed 50 g of walnut kernel per day. The blood 
samples taken on the 56th day showed significant differences 
(p < 0.05) in total cholesterol values in the groups i.e. group B 
159.6 ± 25.2 mg/dL and C 144.7 ± 15.2 mg/dL were significantly 
lower than the control group similarly group C 144.7 ± 15.2 mg/dL 
was significantly lower than the group B 159.6 ± 25.2 mg/dL 
which was fed 25  g. The lowering in serum cholesterol in 
control group were just 1% which may be due to differences 
in physiology whereas group B decreased cholesterol 21.6% 
as compared to control and group C 30.3% lowering effect as 
compared to control. The results are similar to a study conducted 
by Rajaram et al. (2009) who estimated the effect of omega 3 in 
walnuts kernel on the serum lipid markers and concluded that 
serum total cholesterol levels in adults who consumed the walnut 
diet were lower as compared to the adults who consumed the 
control diet. Furthermore, supplementation of walnuts in obese 
individuals showed significant decline (p < 0.05) in cholesterol 
levels in a study conducted in Quetta (Mushtaq et al., 2013). 
Furthermore, Kwak et al. (2014) in a study reported significant 
reduction in serum cholesterol levels of individuals who were 
fed walnut which is confirmatory to the present as well as 
some other studies that walnut feeding may improve beneficial 
reduction of serum cholesterol levels which may lead to avoid 
several cardiovascular disorders.

The results presented in Table 2 revealed no significant 
difference (p > 0.05) in the mean of serum triglyceride levels 
of both the genders. Group A (control) at 204.0 ± 39.8 mg/dL, 
group B 207.1 ± 64.3 mg/dL and group C 209.6 ± 41.7 mg/dL 
which indicates similar mean values zero day of the experiment. 
The serum samples on 30th day in all the three groups shows 
significant differences as shown in Table 2 with the values 
202.8 ± 38.3 mg/dL for group A 180.4 ± 58.8 mg/dL for group B 

which was fed 25 g walnut kernel per day and 171.7 ± 31.0 mg/dL 
for group C which was fed 50  g of walnut kernel per day. 
The  samples taken on the 56th day also showed significant 
differences (p < 0.05) in serum triglyceride values in all the three 
groups i.e. group B 147.3 ± 50.6 mg/dL and group C 131.7 ± 
25.5  mg/dL were significantly lower than the control group 
204.3 ± 40.0 mg/dL. Similarly group C 131.7 ± 25.5 mg/dL was 
significantly lower than that of group B 147.3 ± 50.6 mg/dL 
which was fed 25 g.

The lowering in serum triglycerides in control group were 
just 0.1% which may be due to differences in physiology whereas 
group B decreased triglycerides 28.9% as compared to control and 
group C has 37.2% lowering effect as compared to control. The data 
indicated that feeding walnuts at both levels for 30 and 56 days 
had significant lowering effect on serum triglyceride levels of 
hyperlipidemic adults. In a research, diet supplemented with 
walnuts significantly reduced plasma triglyceride concentrations 
(Kwak et al., 2014). Wu et al. (2014) in his research concluded 
that a diet enriched with walnuts (43  g/day) did not have a 
significant effect in decreasing the serum triglyceride levels 
of individuals (P = 0.323). Similarly no significant effect on 
triglyceride concentration was observed when individuals were 
fed with a walnut rich diet when compared to a control (P = 0.3) 
(Banel & Hu, 2009).

The results presented in Table 3 revealed no significant 
difference (p > 0.05) in the mean of serum LDL-cholesterol levels 
of both the genders. Group A (control) at 174.0 ± 20.0 mg/dL, 
group B 176.1 ± 22.0 mg/dL and group C 178.6 ± 20.0 mg/dL 
which indicated similar mean values at the zero day of the 
experiment. The serum samples on 30th day in all the three 
groups showed significant differences as shown in Table 3 with 
the values 174.7 ± 19.2 mg/dL for group A 155.7 ± 24.9 mg/dL 
for group B which was fed 25 g walnut kernel per day and 145.2 ± 
22.0 mg/dL for group C which was fed 50 g of walnut kernel per 

Table 1. Total cholesterol levels of study subjects at different times during study.

Duration
Total Cholesterol (mg/dL)

Group A 
Control

Group B 
25 g/day

Group C  
50 g/day p-value

Baseline (0 day) Mean ± S.D 205.2 ± 24.9 203.6 ± 25.5 207.8 ± 13.9 0.607

Mid (30th day) Mean ± S.D 203.1 ± 25.3 191.0 ± 24.1 182.5 ± 17.3 0.165

At the end (56th day) Mean± S.D 203.3 ± 26.0 159.6 ± 25.2 144.7 ± 15.2 0.003

% Decrease 1.0 21.6 30.3

S.D: Standard deviation, p-value: level of significance.

Table 2. Serum Triglyceride levels study subjects at different times during study.

Duration
Serum Triglyceride (mg/dL)

Group A 
Control

Group B 
25 g/day

Group C  
50 g/day p-value

Baseline (0 day) Mean ± SD 204.0 ± 39.8 207.1 ± 64.3 209.6 ± 41.7 0.906

Mid (30th day) Mean ± SD 202.8 ± 38.3 180.4 ± 58.8 171.7± 31.0 0.023

At the end (56th day) Mean ± SD 204.3 ± 40.0 147.3 ± 50.6 131.7 ± 25.5 <0.001

% Decrease 0.1 28.9 37.2
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day. The samples taken on the 56th day also showed significant 
differences (p < 0.05) in LDL-cholesterol values in all the three 
groups i.e. group B 129.3 ± 47.9 mg/dL and group C 118.3 ± 
13.2  mg/dL were significantly lower than the control group 
177.4 ± 19.8  mg/dL. Similarly, group C 118.3 ± 13.2  mg/dL 
was significantly lower than the group B 129.3 ± 47.9 mg/dL 
which was fed 25  g of walnuts per day. The lowering in 
LDL-cholesterol levels in control group were just 2% which may 
be due to differences in physiology whereas group B decreased 
LDL-C 26.5% as compared to control and group C has 33.8% 
lowering effect as compared to control. The data indicated that 
feeding walnuts at both levels for 30 and 56 days had significant 
lowering effect on LDL-cholesterol levels of hyperlipidemic adults. 
The LDL cholesterol when monitored after a supplementation 
of walnuts in the diet, a significant reduction was seen in the 
serum levels in females (P=0.0008) whereas no significant 
change was observed in males (P=0.078) (Iwamoto et al., 2002). 
Furthermore, Damasceno et al. (2011) in his research observed a 
decline in LDL-cholesterol from the baseline by 10.8% after the 
participants were fed with a walnut and almond diet. Similarly, 
LDL cholesterol in healthy individuals significantly decreased 
from 123.80 to 108.63 mmol/L (13.9%, P < 0.01) after being 
fed with 40 g walnut kernel per day (Kalantarian et al., 2015).

The results presented in Table 4 reveal no significant difference 
(p > 0.05) in the mean of serum HDL-cholesterol levels of both 
the genders. The group A (control) at 48.6 ± 10.1 mg/dL, group B 
47.9 ± 5.7 mg/dL and group C 47.5 ± 5.4 mg/dL which indicates 
similar mean values at the beginning of the experiment. The serum 
samples on 30th day in all the three groups showed significant 
differences as shown in Table 4 with the values 48.2 ± 8.6 mg/dL 
for group A 53.4 ± 5.5 mg/dL for group B which was fed 25 g 
and 61.1 ± 6.7 mg/dL for group C which was fed 50 g of walnut 
kernel per day. The samples taken on the 56th day also showed 
significant differences (p < 0.05) in HDL-cholesterol values in 
all the three groups i.e. group B 60.9 ± 5.3 mg/dL and group 

C 71.2 ± 5.1 mg/dL were significantly higher than the control 
group 46.0 ± 8.9 mg/dL. Similarly, group C 71.2 ± 5.1 mg/dL was 
significantly higher than the group B 60.9 ± 5.3 mg/dL which 
was fed 25 g. The increase in HDL-cholesterol levels in control 
group were just 2% which may be due to differences in physiology 
whereas group B increased HDL-C 27.1% as compared to control 
and group C has 50.0% increasing effect as compared to control. 
The data indicated that feeding walnuts at both levels for 30 and 
56 days had significant raising effect on HDL-cholesterol levels of 
hyperlipidemic adults. Similarly, Tapsell et al. (2004) in his study 
observed a significant increase in the plasma HDL-cholesterol 
concentration (P=0.046) and the HDL cholesterol to total 
cholesterol ratio (P= 0.049) in the group that was fed walnuts. 
Moreover, frequent consumption of walnuts resulted in a 
significant incline in HDL cholesterol from the baseline by 9% 
(Zibaeenezhad et al., 2005). Furthermore, when 30 g of walnuts 
were fed to hyperlipidemic patients it was observed that  HDL- 
cholesterol increased by 6.3 mg/dL (Tufail et al., 2015). However, 
where walnuts were seen to reduced total cholesterol, triglyceride 
and LDL cholesterol levels after walnut supplementation, no 
significant effect was noted in improving the serum concentration 
of HDL cholesterol (Kwak  et  al.,  2014). Walnuts have many 
plant chemicals which add their overall importance related 
to antioxidants including melatonin, salicylic acid, vitamin E, 
carotenoids and polyphenols. These compounds have potential 
health effects on cancer, aging, inflammation and neurological 
disorders. Normally consumption of 6 to 7 nuts of regular size 
in a day can relief to remove diseases that cause free radicals 
in the body. The lowering in LDL-cholesterol levels in control 
group were just 2% in the present study which may be due to 
differences in physiology whereas group B which was fed 25 g of 
walnut kernel per day decreased LDL-C by 26.5% as compared 
to control and group C which was fed 50 g of walnut kernel per 
day has 33.8% lowering effect as compared to control. The data 
indicated that feeding walnuts at both levels for 30 and 56 days 
had significant lowering effect on LDL-cholesterol levels of 

Table 3. Serum LDL Cholesterol of study subjects at different times during study.

Duration
LDL-Cholesterol (mg/dL)

Group A 
Control

Group B 
25 g/day

Group C  
50 g/day p-value

Baseline (0 day) Mean ± S.D 174.0 ± 20.0 176.1 ± 22.0 178.6 ±20.0 0.450

Mid (30th day) Mean ± S.D 174.7 ± 19.2 155.7 ± 24.9 145.2 ± 22.0 <0.001

At the end (56th day) Mean ± S.D 177.4 ± 19.8 129.3 ± 47.9 118.3 ± 13.2 <0.001

% Decrease 2.0 26.5 33.8

Table 4. Serum HDL cholesterol of study subjects at different times during study.

Duration
HDL-Cholesterol (mg/dL)

Group A 
Control

Group B 
25 g/day

Group C  
50 g/day p-value

Baseline (0 day) Mean ± S.D 48.6 ±10.1 47.9 ± 5.7 47.5 ± 5.4 0.844

Mid (30th day) Mean ± S.D 48.2 ± 8.6 53.4 ± 5.5 61.1 ± 6.7 0.000

At the end (56th day) Mean ± S.D 46.0 ± 8.9 60.9 ± 5.3 71.2 ± 5.1 0.000

% Increase 2.0 27.1 50.0
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hyperlipidemic individuals. Dietary supplementation with essential 
fatty acids has been shown to have beneficial effects within the 
human body including hypelipidemia (Carey et al., 2020).

In current research, the increase in HDL-cholesterol levels 
in control group was 2% which may be due to differences 
in physiology whereas group B increased HDL-C 27.1% as 
compared to control and group C has 50.0% increasing effect 
as compared to control. The data indicated that feeding walnuts 
at both levels for 30 or 56 days had significant raising effect on 
HDL-cholesterol levels of hyperlipidemic adults.

4 Conclusion
Tree nuts especially walnuts are super food packed with 

beneficial nutrients that help in lowering and improving the lipid 
profile including total cholesterol, serum triglyceride, low density 
lipoprotein cholesterol (LDL-C) and high density lipoprotein 
cholesterol (HDL-C) significantly (p < 0.05) in hyperlipidemic 
individuals when fed in doses 25 g and 50 g for a period of 
56 days. Walnuts are highly recommended to be added in the 
daily diet for its numerous health benefits.
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