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Abstract
Introduction

The link between dietary fats and obesity is still controversial, as in Western diets the percentage of energy
from total fat has decreased while the intake of omega-6 has increased, and omega-3 decreased. These
changes have corresponded with a significant increase in the prevalence of obesity.

Objective

This study aims to examine the association of percentages of energy intake (EI) from omega-3 and omega-6
and 2w-6/2w-3 ratio with BMI and two proxy indicators of central obesity (waist circumference [WC], waist-
to-height ratio [WHtR]) and relative fat mass (RFM) estimator of whole-body fat.

Design

A representative sample of 3,733 adults was used from the UK National Diet and Nutrition Survey Rolling
Programme (2008/09-2018/19). An estimated four-day food record was used to calculate dietary intake.
Regression models were used to verify the association of omega-3 and omega-6 and quintiles of Zw-6/ Zw-3
ratio with general and abdominal obesity with adjustment for important confounders. A p-value of <0.05
represented statistical significance.

Results

The findings of this study show that the average ratio of Zw-6/Zw-3 was 5.5:1 + 2. There was a significant
association between the ratio of Zw-6/2w-3 and BMI, WC, WHtR and RFM. However, the percentage of total
EI from total fat was only significant with BMI, while the percentage of EI from omega-3 was negatively
associated with WC, WHtR and RFM. No association was found between the percentage of EI from omega-6
and general or abdominal obesity.

Conclusion

The effect of Zw-6/Zw-3 may be largely driven by a deficiency in the intake of omega-3. Omega-6 and
omega-3 should be listed as such in national surveys instead of polyunsaturated fatty acid (PUFA). Meeting
recommended levels of omega-3 and lowering Zw-6/Zw-3 are imperative to establish healthier dietary
patterns and prevent obesity.
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Introduction

The epidemic of overweight and obesity is a significant clinical and public health burden, both
internationally and in the UK. By 2030, if recent trends continue to persist, the absolute numbers are
projected to reach 2.16 billion overweight and 1.12 billion obese adults [1]. In 2019, 28% of adults in England
were obese and 36% were overweight, making around two-thirds (a total of 64.2%) either overweight or
obese [2].

Obesity is an excessive accumulation of adipose tissue. It is associated with a higher risk of metabolic
diseases and other comorbidities [3]. According to epidemiological studies, obesity increases the risk of
other health conditions, including metabolic syndrome [4], cardiovascular diseases, type 2 diabetes, kidney
disease, different types of cancer, and musculoskeletal complications [2]. Although genetic factors play a
role in the development of obesity [5,6], dietary fat intake [7] and its types [5] have been suggested to play an
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essential role in obesity [8]. Dietary fat may interact with genotype to increase the risk of obesity and
metabolic syndrome (MetS) [5]. However, the effects of dietary fatty acids on health are influenced greatly by
the kind and proportion of the fatty acids [9].

Thus far, the relationship between dietary fats and obesity is still controversial [8,10]. Research has shown
that saturated fatty acids (SFAs) have positive [9] and negative [7] associations with weight gain. Similar
relationships have been found with the intake of monounsaturated fatty acids (MUFAs) where positive [6]
and negative associations [11] in developing obesity have been found. No significant association was found
between the amount or type of dietary fat (SFAs, MUFAs, and polyunsaturated [PUFAs]) and subsequent
weight change in a large prospective study using country-specific food-frequency questionnaires [10]. This
discrepancy result may suggest that the total fatty acid is not sold enough to reveal a consistent relationship
between dietary fat and developing obesity.

In the past three decades, the proportion of total intake of fat and SFAs has continuously decreased in
Western diets, while the intake of omega-6 PUFA has increased [12] and the intake of omega-3 PUFA has
decreased [12]. These changes in the composition of fatty acids ran in parallel with a significant increase in
the prevalence of overweight and obesity [7,13]. Different experimental studies have shown that omega-6
and omega-3 have different effects on body fat through different mechanisms of adipogenesis [14], lipid
homeostasis, inflammation [15] and brain-gut adipose tissue axis [16]. Omega-3 PUFA is considered a
potential protective nutrient against the cardiometabolic risks associated with obesity [17]. Omega-3 PUFA
can alter cell membrane function and metabolism, decreasing circulating inflammatory markers [18]. Some
studies have found that a low omega-3 index has been linked to a high level of body mass index [19,20]. A
higher intake of omega-3 PUFA improves managing obesity, which is considered a chronic state of
inflammation [18]. In contrast, intake of omega-6 PUFA increases inflammation in metabolic tissues [21],
with higher intakes linked to an increase in the incidence of obesity [13]. High concentrations of omega-6 in
red blood cell membranes have been associated with a high risk of obesity [22].

Data from food commodities have shown an increasing imbalance in the ratio of omega-6/omega-3 in the
food supply over time [23]. Over the last 100 years, an enormous production of vegetable oils that contain a
high amount of omega-6 has taken place [24]. Changing animal feeds in modern agriculture has decreased
the omega-3 fatty acid content of animal meat, eggs and even fish [13]. This has resulted in very high
amounts of omega-6 in the food supply for the first time in human history [25]. Some studies have indicated
that ratios of omega-6/omega-3 in food commodities have reached above 20:1 [26]. Moreover, in Western
countries, it has been reported that the intake of omega-3 is insufficient and often accompanied by a high
dietary Zw-6/Zw-3 PUFA ratio. Findings from the National Health and Nutrition Examination Survey
(NHANES) that considered 24 dietary intakes have shown ratios of omega-6 to omega-3 dietary intake to be
closer to 10:1 [27].

Although omega-6 and omega-3 are both essential for human health and must be obtained from a person’s
diet, absolute intake and the Zw-6/Zw-3 ratio required to attain optimal health benefits are figures
considered somewhat controversial. As a result, there has been a failure to consider such intake in the
context of total daily fat as a percent of total energy intake (EI) [28]. Very few observational and clinical
studies have examined the association between the composition of PUFAs (particularly omega-6, omega-3,
and Zw-6/2Zw-3 ratio) and the specific parameter of obesity using a small sample size [29]. Therefore, this
study aims to investigate the association of the percentages of EI obtained from omega-3 and omega-6 and
ZWw-6/Zw-3 ratio with BMI, and two proxy indicators of central obesity (waist circumference [WC], the waist-
to-height ratio [WHtR]), as well as the relative fat mass (RFM) estimator of whole-body fat.

Materials And Methods

National diet and nutritional survey rolling program (NDNS-RP)

NDNS-RP data were obtained from the UK Data Service at the University of Essex. The NDNS is a cross-
sectional survey, designed to assess the nutritional status of the general population in the UK [30]. This
study used combined data from years 1 to 11 (2008/09-2018/19) as high-quality, nationally representative
data. Methods used in the NDNS-RP are kept consistent over time. More detailed information regarding the
study’s design, sampling methodology, and dietary methods used is given in published reports [30,31]. For
years 1 to 5 the ethical approval for the NDNS-RP was obtained from the Oxfordshire Research Ethics
Committee (Ref. No. 07/H0604/113), then it was obtained from the Cambridge South NRES Committee (Ref.
No. 13/EE/0016) [31]. Pregnant women, those with information missing related to height or weight, and WC
were excluded. Also, participants with EI less than 500 or over 3,500 kcal (to avoid over or under dietary
intake reporting [32]) were excluded from the analyses. A total of 3,733 adults who participated in the NDNS-
RP from 2008 to 2019 have been included in this study.

Dietary method

An estimated four-day food record was used in the NDNS-RP. Participants were asked to keep a record of
everything they ate and drank over four consecutive days, both inside and outside the home. Trained
interviewers visited each participant three times to review the diary in order to guarantee the accuracy of the
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data. All interviewers followed standard protocols and explained how to report food intake and how to
describe food and drink consumption in more detail. All food diaries were reviewed and coded by trained
dietitians.

Anthropometric measurement and abdominal obesity

Height and weight were measured in the first interview visit. A portable stadiometer was used to measure
height to the nearest 0.1 cm and weight scales were used to measure to the nearest 0.1 kg. Body mass index

(BMI) was calculated (weight [kg]/height [m?]) and the BMI value was interpreted based on World Health
Organization (WHO) and National Institute for Health and Clinical Excellence (NICE) classifications, where

BMI < 18.5 kg/m? is underweight, 18.5<BMI<24.9 kg/m? is normal, 25<BMI<29.9 kg/m? is overweight, and

BMI>30 kg/m2 is obese [33]. To measure waist circumference (WC) a tape in mm was used, and all
measurements were taken to the nearest millimeter. Also, the WHtR was calculated by dividing WC (cm) by
height (cm). WHIR is a simple screening risk assessment tool that helps to identify people at early health risk
associated with central obesity, such as cardiovascular disease (CVD) risk factors [34,35]. To estimate whole-
body fat percentage among adults, RFM was calculated as follows: 64 - (20 x height/WC) + (12 x sex); sex =0
for males and 1 for females, RFM reduced total obesity misclassification overall [36].

Statistical analysis

Descriptive and summary statistics, including mean, * standard deviations (SD); N, % were used to describe
the general characteristics of the sample and those after being stratified by gender. A Pearson Chi-Square
test was used to investigate the differences between males and females in the categorical general
characteristics. A two-sample t-test (a two-tailed test) was used for continuous characteristics. Also,
summary statistics for the mean, = SD of EI and macronutrients, Zw-6/ Zw-3 PUFAs ratio, and their
contribution to total EI were calculated and presented. One-way analysis of a variance regression model-1
was used to assess differences in the proportion of EI from macronutrients and 2w-6/ Zw-3 PUFA between
genders, adjusted for confounders (total EI, BMI, age, household income, ethnicity, and smoking). To
identify an association between the quintiles of Zw-6/ 2w-3 PUFA ratio as an independent variable and BMI,
WC, WHtR, and RFM as dependent variables, one-way analysis of a variance regression model-2 was used,
after adjusting for confounders (age, gender, EI, ethnicity, total household income, and smoking). A
statistical significance level of P < 0.05 was used and the analyses were carried out using Stata statistical
software release 15 (Stata Corporation) [37].

Results
Sample characteristics

A total of 3,733 participants were included in this study. A total of 58.3% of them were female and their
average age was 43.1+12.5 for the females and 44.5 £12.7 for the males. The differences in age were
significant between genders. The majority of participants were from European ethnic groups (92.5%). There
were significant differences in the proportion of household income between males and females.
Furthermore, there were significant differences between the proportion of males and females in the BMI
category (p < 0.001), as well as in the mean of abdominal obesity variables between males and females (Table
1). A total of 98.9% of the sample completed the four-day food record and 97% of participants did not follow
any specific diet. In total, 24.3% of the sample were current smokers and there were significant differences
in the proportion of smoking status between males and females (p < 0.05).

All Participants (n= 3,733) Females (n=2,176) Males (n=1,557) P-value
Demographic and anthropometric variables
Mean +SD Mean +SD Mean +SD
Age (years)t 43.7 12.6 43.1 12.5 44.5 12.7 0.001
Ethnicity (n, %)
European 3,453 92,5 2,009 92.3 1,445 92.8
0.585
Asian and other groups 279 7.5 167 7.7 112 7.2
Anthropometric measurest
Height (cm) 168.1 9.2 162.6 6.3 175.8 6.9 < 0.001
Weight (kg) 77.8 16.8 723 15.6 85.6 15.3 < 0.001
BMI (kg/m?2) (n, %) T
Underweight 41 1.1 29 1.3 12 0.8
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Normal weight 1,316
Overweight 1,339
Obese 1,037

Abdominal obesity¥

Waist circumference (cm) 92.2
Relative fat mass (RFM) 33.7
Waist to height ratio WHtR 0.55

Total House income (n, %)

Under £14,999 737
£15,000 - £29,999 1,051
£30,000 — £44,999 768
£45000 — £99,999 856
£100,000 or more 135
Four food diary (Yes, n, %)" 3,693

Following special Diet (Yes, n, %)t

Vegetarian 107
vegan 8
neither 3,618

Smoking Status (n, %) T

Current smoker 906
Ex-smoker 790
Never smoker 2,037

35.3

35.8

27.8

868

667

612

88.3

38.3

0.54

482

642

421

436

85

2,147

79

2,090

506

438

1,232

39.8

30.7

28.1

14.0

5.9

0.1

233

31.1

204

211

4.1

98.7

3.6

0.3

96.1

233

20.1

56.6

448

672

425

97.7

27.4

255

409

347

420

50

1,646

28

1,628

400

352

805

28.8

43.2

27.2

34

99.3

1.8

0.1

98.1

TABLE 1: General characteristics of adults (19-65 years) who participated in the study

TSignificant differences between the proportion of females and males in the categorical data were assessed by using the Chi-2 test.

<0.001

<0.001

<0.001

<0.001

<0.001

0.067

0.001

0.011

¥Mean differences between females and males in continuous demographic and anthropometric variables were assessed by using regression model.

*There was 4.9% of participants refused to answer/no answer.

Nutritional characteristics, and omega-6 and omega-3 dietary intake

Table 2 illustrates the total EI, macronutrients, and omega-6 and omega-3 dietary intakes for the whole
sample and by gender. Males were found to have more EI than females by 504.7 kcal (95%CI: 472.2, 537.1)
and this difference was significant. The proportions of EI obtained from protein and carbohydrates were
significantly higher in males than females. While the % of EI from total fat, SFA, MUFAs, and trans fatty acids
(TFA) were significantly higher in females than males, using adjusted regression for important confounders.

The proportions of EI obtained from omega-6 and omega-3 were higher among females than males. However,

the average ratio of Zw-6/2w-3 was 5.5:1 * 2 and there were no significant differences by gender.
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All Participants Females Males
- - = Differences between gender (female is the P-
Dietary characteristics (n=3;733) (n=2;176) (n=1,557)
reference); Coefficient. (95%Cl)t value
Mean +SD Mean +SD Mean  +SD
<
Total energy (Kcal) 1823 557.74  1614.32 44545 21151 567.85 -504.7 (-537.1,-472.2) AGHr
Protein (g) 73.66 23.45 65.71 19.14 84.76  24.39
<
% EI from protein 17.32 3.95 17.29 3.96 17.38  3.94 -1.07 (-1.34, -0.79) 0.001
Carbohydrate (g) 219.20 70.81 196.06 57.91 25154 7445
% EI from carbohydrate 47.66 6.93 47.73 6.98 4755 6.86 -0.81 (-1.31,-0.31) 0.001
Fat (g) 68.31 26.09 61.16 2291 7829 2697
<
% El from fat 35.01 6.42 34.96 6.65 35.10 6.09 1.87 (1.43, 2.32) 0.001
% EI from saturated fatty <
. 12.88 3.39 12.87 3.52 12.89 3.22 0.95 (0.71, 1.18)
acids 0.001
% EI from
<
monounsaturated fatty 12.83 2.89 12.72 2.99 1297 275 0.49 (0.29, 0.70) 0]
acids ’
% El from trans fatty acids ~ 0.58 0.28 0.56 0.28 0.55 0.26 0.03 (0.01, 0.05) 0.010
Sw-6 (9) 9.76 4.33 8.84 3.94 11.05  4.51
<
% El from Zw-6 5.0 1.55 5.09 1.66 4.97 1.40 0.27 (0.16, 0.38) 0.001
Tw-3(9) 1.94 1.02 1.76 0.94 219 1.08
% EI from Zw-3 1.01 0.45 1.02 0.47 0.99 0.41 0.10 (0.02, 0.09) 0.001
Zw-6/Zw-3 ratio 5.54 212 BB 2.22 5.52 1.99 -0.06 (-0.21, 0.09) 0.466

TABLE 2: Total energy intake and macronutrients for the whole study sample and by gender

El, energy intake

TRegression model-1 adjusted for age, El, BMI, total house income, ethnicity, and smoking status.

Association of general and abdominal obesity with omega-6 to omega-3
ratio

There was a significant association between the ratio of Zw-6/Zw-3 fifth quintiles and BMI, WC, WHtR, and
RFM (Table 3). The percentage of total EI from total fat was only significant with BMI, while the percentage
of EI from omega-3 was negatively associated with WC, WHtR, and RFM. However, the proportion of EI from
omega-6 was not associated with any of the obesity indicators.
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% EI from total
fat

% El from Zw-6
% EI from Zw-3
Sw-6/Zw-3

Q1* (3.1£0.71)

Q2 (4.5£0.24)

Q3 (5.3+0.22)

Q4 (6.2+0.34)

Q5 (8.57+2.3)

General and abdominal obesity (n = 3,733)

BMI (kg/m?2)
Coef., 95%Cl

-0.04 (-0.07, -
0.01)

WC (cm) WHtR RFM
P-valuet  Coef., 95%C P-valuet  Coef., 95%ClI P-valueT  Coef., 95%ClI P-value®
0.010 -0.02 (-0.09, 0.05) 0.556 -0.002 (-0.001, 0.002) 0.412 -0.02 (-0.05, 0.01) 0.166

0.04 (-0.12,0.11)  0.938 0.17 (-0.11,0.45)  0.229 0.01(-0.001, 0.002) 0.197 0.07 (-0.04, 0.18)  0.201

-0.36 (-0.76, 0.04)  0.077 -1.10(-2.1,-0.12) 0.028 -0.01 (-0.01, -0.01) 0.023 -0.42 (-0.81,-0.10) 0.036
1 1 1 1
0.64 (0.10, 1.17) 2.1(0.76, 3.42) 0.01(0.03, 0.02) 0.74 (0.21,1.27)
0.71(0.25, 1.20) 2.3 (0.95, 3.60) 0.14 (0.01, 0.02) 0.81(0.28, 1.35)

0.050 0.006 0.007 0.020
0.20 (0.01, 0.93) 1.7 (0.33, 2.97) 0.01(0.01, 0.02) 0.55(0.03, 1.10)
0.46 (0.08, 1.01) 1.7 (0.39, 3.03) 0.01(0.01, 0.20) 0.66 (0.13, 1.19)

TABLE 3: Effect of the percentage of El from total fat, omega-6, omega-3 and quintiles of Zw-

6/Zw-3 ratio in general and abdominal obesity

TRegression model-2 adjusted to sex, age, El, total house income, ethnicity and smoking status; *Q is the ratio quintile (mean SD), and Q1 is the

reference category.

Discussion

The present study assessed the association between PUFAs, particularly omega-6, and omega-3, and the
ratio of omega-6/omega-3, with general and abdominal obesity parameters. The findings indicate that the
proportion of EI from total fat was only linked with BMI, while the proportion of EI from omega-3 was
inversely associated with WC, WHtR, and RFM. In addition, the Zw-6/Zw-3 ratio was associated positively
with all selected obesity indicators. The overall ratio Zw-6/2w-3 was 5.5 + 2. However, the proportion of EI
from omega-6 was not associated with any of the obesity indicators.

Recently, the intake of omega-6 fatty acids has increased, and the intake of omega-3 has decreased,
resulting in a large increase in the ratio of omega-6 to omega-3 in Western diets [24]. These changes in the
composition of fatty acids are due to agribusiness and modern agriculture and have occurred in parallel with
a significant increase in the prevalence of overweight and obesity [13].

Omega-6 and omega-3 are essential fatty acids that must be derived from a person’s diet, as the human body
and other mammals cannot make them as a result of a lack of endogenous enzymes for omega-3
desaturation [28]. A mixture of PUFAs (omega-6 and omega-3) should provide an average of 6% of the total
EI recommended dietary intake [38]. A balance in the diet between omega-6 and omega-3 fatty acids is very
important, as they are metabolically and functionally different, and often have important opposing
physiological effects [13,24,28].

The findings of this study showed that an imbalance between dietary intakes of omega-6 and omega-3 was
positively associated with general and abdominal obesity. In line with this finding, general obesity and
overweight were negatively associated with the Zw-3/Zw-6 ratio after adjustment for important covariates
[8]. A linear regression model showed that WC, insulin, and Homeostatic model (assessment of insulin
resistance) had positive associations with dietary Zw-6/Zw-3 ratio [39]. Data showed that a high ratio of
2Ww-6/2w-3 increased inflammation and chronic inflammatory syndromes, including obesity, fatty liver
syndrome, and mortality [40].

The NIH Women’s health study, which presented the importance of omega-6 and omega-3 in weight gain
over a mean follow-up period of 10 years, found that increasing the w6/w?3 ratio increased the risk of
becoming overweight or obese at any follow-up time point [41]. The findings of the NIH Women’s health
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study provide important evidence, as it used an omega-3 index (measuring the concentration of omega-3 in
red blood cell membrane phospholipids, assessing medium-term body intake of omega-3 for a period of
three months) to find that high omega-3 index was associated with decreasing risk of obesity [41]. Similarly,
in a study of another population group, it was found that a low omega-3 index was associated with higher
BMI, weight, and WC [19,42].

The findings from this study show that the proportion of EI from omega-3 was inversely associated with WC,
WHIR, and RFM and there is a trend for association with BMI. Many studies have found a significant inverse
correlation between omega-3 status (either in plasma or omega-3 index) and BMI or obesity [19,20,42].
Another study suggested that a higher omega-3 status can be considered protective against obesity, as it
increases basal fat oxidation and so reduces overall fat mass and BMI [43]. On the other hand, no association
was found in this study between the proportion of EI from omega-6 and BMI, WC, WHtR, and RFM. This is in
line with the findings of the study covering Ghana, where neither omega-6 nor omega-3 was shown to be
related to quintiles of BMI, WC, of WHtR [8]. Some studies have emphasized the role of omega-6 in terms of
its procardiogenic properties. One found that rodents fed on diets containing 6%-8% of EI from omega-6,
similar to the US diet, had increased fat mass [44]. In addition, data from the study found that SFA was only
associated with general obesity, while TFA was only linked with WC and no association was found between
MUFA and general or abdominal obesity (unpublished results).

Our results emphasize the importance of the ratio of Zw-6/Zw-3 more than the individual PUFA. A lower
2W-6/2w-3 ratio should be reputed in the management of overweight and obesity with increasing
consumption of omega-3 [13,26]. The consequences of high omega-6 remain controversial, as it has intrinsic
cardiovascular protective actions, modifying the latest FAO/WHO recommendations on maintaining omega-
6 intake if omega-3 intake is high [45]. Furthermore, clinical trials provide conflicting findings on both
positive [46] and negative [47] effects of using omega-3 as a weight-reducing agent [13]. Omega-6 and
omega-3 are not interconvertible, being metabolically and functionally different. Omega-6 increases adipose
tissue and white adipose tissue and reduces brown adipose, as arachidonic acid (AA) prevents the browning
of white adipose tissue which considers desirable to avoid weight gain [48]. While dietary omega-3 decreases
adipose tissue and white adipose tissue and increases brown adipose tissue, therefore it can lead to weight
loss. Thus, a high dietary intake of omega-6 leads to an increase in white adipose tissue and chronic
inflammation [24,49]. It is therefore important to balance omega-6 and omega-3 in the diet in order to
manage body weight.

The present study has some limitations. The value of omega-6 and omega-3 reported in the NDNS-RP was
based on four-day food diaries and there was no information about their concentrations in red blood cell
membrane phospholipids. However, the study by Amiano et al. shows that there was a statistically
significant relationship between dietary intake and serum levels of omega-3 PUFA, EPA and DHA [50]. A
study that measures the dietary intake and obtains actual measurements of plasma or omega-3 and omega-6
in red blood cell membrane phospholipids with information regarding genetic variants to obesity would help
to clarify these results and set specific values for the omega-6 to omega-3 ratio. To date, there are no
formulated dietary reference values (DRVs) for the intake of PUFAs, especially for omega-6 have not been
determined [51]. Only an adequate intake for linoleic acid of 4% EI has been set based on the lowest
estimated mean intake of groups of the European population [51].

The present study has various important strengths. First, it is based on up-to-date NDNS-RP data, which are
considered very high-quality data. Nationally representative nutritional data for the UK is collected using
large sample size and covering seasonal variations in dietary intake. Also, the exclusion of participants with
very low or high EI has taken place along with adjustments made for important confounders with the aim of
achieving better results. Furthermore, in this study different obesity indicators have been used (general and
abdominal obesity), as BMI alone would miss the 35% of men and 14% of women who have normal BMI but
central fat distribution. Thus, WHtR has been used as it is considered a simple and effective screening tool
for cardiovascular disease risk factors [34,35]. Also, RFM is more accurate than BMI to estimate whole body
fat percentage among men and women and has improved obesity misclassification [36].

Conclusions

Obesity is a preventable disease that can be treated through a healthy diet and lifestyle. Results suggest that
the effect of omega-6 and omega-3 PUFA intake reflected in the ratio may be largely driven by a deficiency in
the intake of omega-3 fatty acids in increasing general and abdominal obesity among adults. Due to omega-6
and omega-3 fatty acids being physiologically and metabolically distinct and having opposing properties,
they should be listed as such in clinical studies and national surveys instead of PUFA. Until more precise
dietary recommendations are developed for omega-6 and omega-3 and the appropriate ratio for health is
determined, public health practitioners and nutritional counselors should focus on meeting recommended
levels of omega-3 and lowering the 2w-6/2Zw-3 ratio in order to establish healthier dietary patterns that may
positively impact on managing obesity. The effect of omega-6 and omega-3 essential fatty acids on general
and abdominal obesity should be further studied using a cohort study.
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