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Background: There are a few studies on the association between macronutrients and mood, but none on weight control based on self- 
perception of specific macronutrients and mood.
Objective: To assess the association between anxiety and depression levels and weight-control attempts among young females based 
on self-perception of diet that impacts weight by limiting or boosting a certain macronutrient.
Methods: A cross-sectional survey conducted on young females (n=302) with an age range of 19 to 29. Dietary intake was measured 
using the Food frequency questionnaire (FFQ) and 24h-dietary recall. Anxiety and depression were measured using the Hospital 
Anxiety and Depression Scale (HADS) questionnaire.
Results: Analysis of the data showed a significant and inverse association of macronutrients – carbohydrates (OR 0.86; 95% CI 0.77– 
0.95; p < 0.01), protein (OR 0.87; 95% CI 0.78–0.97; p < 0.05), and fat (OR 0.79; 95% CI 0.63–0.99; p < 0.05) – with the odds of 
abnormal anxiety was noted. In addition, lower omega-3 intake was significantly associated with abnormal anxiety score (OR 0.85; 
95% CI 0.76–0.97; p < 0.05) and abnormal depression score (OR 0.31; 95% CI 0.14–0.68; p < 0.01). Increased calorie intake is 
associated with an increased risk of anxiety scores.
Conclusion: This preliminary study found the importance of monitoring dietary intake, especially macronutrients, among the young 
population to screen for any onset of mood symptoms, especially for those who are following a specific diet without any supervision. 
Young people should be aware of the importance of following a balanced diet and seek dietitians’ consultation.
Keywords: anxiety, depression, weight-control diet, macronutrients, self-perception of food

Introduction
Globally, anxiety and depression are the most common mental health disorders and the leading cause of life with 
disability and all-cause mortality.1 In the majority of cases, these two psychiatric illnesses are varyingly prevalent among 
the population with or without comorbidities. The prevalence of these illnesses is higher in women than men, with a ratio 
of 2:1.2,3 A study conducted in Tabuk in Saudi Arabia found that the prevalence of depression among young adult 
patients who visit primary health services has quite high rates.4 According to World Health Organization research, 
serious depression often first manifests in young adults between the ages of 20 and 40.5 Moreover, in Saudi Arabia, 
primary care visits have a high prevalence of depression as documented. It was discovered that screening for depression 
was substantially connected with females with more education.6 However, other studies found a higher prevalence of 
anxiety among young adults.7–9 It was linked to age.10 Studies suggest that the difference in risk may primarily stem 
from biological sex differences, mainly due to hormonal changes presented during puberty, menstruation, pregnancy, and 
menopause. Besides this, other confounding social and economic factors, including age-specific factors, genetic factors, 
race, culture, diet, education, income, self-imaging or self-perception, also potentially contribute to higher rates of 
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depression among females.2,3 Self-perception of food may affect mood. Accordingly, dietary patterns impact mood 
disorders.11 Scientific evidence shows an association of dietary habits or patterns with anxiety and depression.1,12 

A wholesome diet should consist of an adequate quantity of macronutrients and micronutrients.13,14 From birth to school- 
going age, through adolescence, to adulthood and old age, nutrient intake should support optimum growth and 
development and psychological stability.13 Clinical and epidemiological evidence has shown the beneficial impact of 
intake of micro- and macronutrients on humans’ psychological well-being, including sleep pattern, cognitive perfor-
mance, and mental stability.15

In the literature, there is mixed research on combinations of macronutrients and individual macronutrients and their impact 
on mood disorders such as anxiety and depression. Regarding perspectives on the interplay between mental disorders and gut 
microbiota, studies show that diet can alter the gut microbiome and contribute to the pathophysiology of mental disorders by 
modulating brain-gut-microbiome interactions.16 In particular, in a number of ways, dietary fiber which exists in many foods, 
especially fruit and vegetables, benefits the gut microbiota and gut functions by promoting the growth of bacterial populations 
in the gut, and the production of beneficial metabolites such as short-chain fatty acids (SCFAs) and bioactive phenolic acids as 
the primary fuel source for bacterial fermentation. Because they fuel the microbiota, fermentable fibers are important 
contributors to mental health. In addition, these nutrients have been shown to lower anxiety and melancholy while also 
controlling the quantities of helpful microorganisms in the stomach.17 A recent study conducted on fiber in mood showed an 
association between the amount of fiber consumption and mood disorder.18 Moreover, carbohydrate-rich food improves the 
brain’s serotonergic function by the release of serotonin and tryptophan, which subsequently improves individuals’ cognitive 
performance.19 Further, inadequate intake of a type of fat which is an omega-3 predisposes individuals to psychiatric disorders 
such as depression.14 A high-fat diet containing omega-3 and monounsaturated fatty acids reduced anxiety scores.20 Likewise, 
reduced protein consumption is associated with depression and anxiety. In the context of combinations of macronutrients, 
a mixed diet containing low levels of carbohydrates and high levels of fat and protein is shown to have an impact on mood 
disorders.21 Also, a high-protein and low-fat diet increases the risk of moderate to severe depression in healthy adults.22 

Similarly, a diet rich in saturated fat and sugar leads to metabolic dysfunction, which consequently increases the risk of 
psychiatric issues.23 A diet high in sugars also alters neurobiological brain functions, which impairs emotional processing and 
modifies behavior.24 A dietary intervention study reported that in young adults, increased intake (2–3 servings per day) of 
vegetables, nuts and seeds, fruits, protein, whole grains, and unsweetened dairy and reduced intake of refined carbohydrates, 
sugar, and fatty or processed foods improved depressive symptoms.25 More recent dietary modifications include a ketogenic 
diet consisting of a low-carbohydrate and high-fat diet, which has been proposed to have long-term benefits for overcoming 
anxiety disorders.26 Further, consumption of a varying composition of dietary macronutrients such as high-protein and low 
glycemic index27 or high or low protein content and glycemic index28 is also a part of a weight-control diet. Additionally, 
dietary modification including a calorie-restricted diet has been linked to weight loss and reduced depressive disorders.29

Based on these observations, it can be inferred that macronutrients have an impact on depression and anxiety. 
However, limited literature is available on the impact of macronutrients on young women’s mental illness or mood 
disorders. To date, mental illness, including mood disorders among young females, is under-researched in many 
countries, especially with weight-control diets. Based on the above considerations, the present study was designed to 
study the impact of types of macronutrients on depression and anxiety among young females who follow weight-control 
diets through self- perception of decreasing or increasing consumption of specific macronutrients.

The main objective of this study was to explore the association of mood status with the dietary intake of the selected 
macronutrient. Based on the literature review, it was hypothesized that “Reduced intake of certain macronutrients may be 
associated with anxiety and depression”.

Materials and Methods
This study is a part of a project that is based on a survey data collection of food consumption and mood status. The 
present cross-sectional study was conducted on 302 young female students or employees in Al Madinah region in 2018/ 
2019. In this study, anxiety and depression were the dependent variables and levels of selected macronutrients were 
independent variables.
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Sample Size Calculation
According to The General Authority for Statistics (GASTAT),30 Saudi Arabia has a total young adults population of 
around 37% of the country’s total population, with a 90% confidence interval, a 5% margin of error, and 10% non- 
response rate. The original predicted sample size of 272 was increased to 302.

Participants
A total of 302 young female students or employees in Al-Madinah region of Saudi Arabia between the ages of 19 and 29 
years, who do not have any complications, have not used supplements for at least one month, do not exercise regularly, 
and are attempting to control weight by following a specific diet such as a low-calorie diet or low carb diet, or high 
protein intake specifically eat less than (<1200 kcal/day) to maintain weight, and had a specific perception of the 
influence of specific macronutrients on weight such as carbs etc, and were not under the supervision of dietitians. As well 
as those who consented to participate were included in the study. Excluded categories include pregnant and lactating 
women and females who are smoking, or with chronic diseases such as diabetes or hypertension or with other psychiatric 
morbidities. In addition, young females using antidepressants or mood-affecting drugs such as corticosteroids for the long 
term, also those who are suffering from pre or postmenstrual syndrome (which affects mood status) were excluded from 
the study. Also, the timing of the data collection was not close to exam or menstrual cycle times, which can alter mood. 
The study was conducted according to the declaration of Helsinki, and participants signed informed consent before 
participating. Out of 370 participants, only 302 participants met the study criteria. Sixty-eight participants did not 
complete the survey or had one of the excluding criteria.

Data Collection Process
A survey was distributed via social media such as WhatsApp and/or email and/or face-to-face. Participants filled in the 
survey via link. The survey consisted of sociodemographic information including age, education level, marital status, 
height and weight to calculate BMI. Also, health and lifestyle questions to screen the eligibility of participants included 
some questions about psychological factors that may affect mood. Then the diet section, which included a 24-hour 
dietary recall and FFQ, then self-mood assessment tool (HADS).

Dietary Intake
A food frequency questionnaire (FFQ) and a 24-hour dietary method were used to assess the intake of macronutrients. 
For each participant, a detailed description of food and beverage portions or sizes taken was recorded. Participants have 
been instructed to measure the serving size by using household measurements or by using a hand portion size guide, eg 
a fist, palm, thumb, handful, tennis ball, etc. Dietary intake was analyzed using Dietplan7 (Forest field Software Ltd, 
West Sussex, United Kingdom) in the context of fibre (g), carbohydrates (g), cholesterol (mg), monounsaturated fat (g), 
polyunsaturated fat (g), saturated fat (g), fat (g), calories (kcal), protein (g), sugars (g), omega-3 (g), and water (g). Food 
consumption from FFQ was categorized according to Alharbi and Alarifi18 into the main three categories as follows: 1) 
No consumption or very low consumption, 2) Low-to-moderate consumption, and 3) Moderate-to-high consumption.

Mood Assessment Tool
To determine depression and anxiety, participants were provided with a standard self-reporting questionnaire –the 
Hospital Anxiety and Depression Scale (HADS). This questionnaire contains 14 items to measure anxiety (7 items) 
and depression (7 items). The HADS questionnaire is validated universally and has a sensitivity and specificity value of 
above 0.7 for both anxiety and depression scores.31 The response to the questionnaire was collected from each participant 
via email or WhatsApp or by face-to-face interview. Based on the total score for depression and anxiety, the participants 
were divided into three categories – scores of 0–7 were assigned to the normal group (without depression or anxiety), and 
scores of 8–10 were assigned to the borderline-abnormal depression or anxiety group (borderline cases), and scores of 
11–21 were assigned to the abnormal depression or anxiety group (case group).
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Statistical Analysis
Statistical Package for the Social Sciences (SPSS) software version 24.0 was used to perform statistical analysis. The 
collected data were computed for frequency, percentage, mean, and standard deviation. Values are displayed as mean ± 
standard deviation (SD) for continuous variables using ANOVA to detect differences between variables, and as 
percentages for qualitative variables using chi-squared testing to find differences between variables. Logistic regression 
was performed to analyze the relationship between the odds ratios (OR) of anxiety or depression and macronutrients. The 
statistical significance for all the tests was set at a level of p < 0.05.

Results
The characteristics of participants with no risk of depression (normal), borderline-abnormal depression, and abnormal 
depression are presented in Table 1. ANOVA analyses showed that age (F = 1.52, p > 0.05), and BMI (F = 0.46, p > 0.05) 
of participants were not significantly different among participants with no risk of depression. While energy or calorie 
intake (F = 52.73, p<0.05) was significantly different between participants with a risk of depression. Additionally, marital 
status (χ2= 4.41, p > 0.05), and psychological factors (χ2=6.39, p>0.0.05; χ2=8.46, p>0.0.05), showed no association with 
depression. On the other hand, education level (χ2=14.11, p<0.0.05), income (χ2=14.08, p<0.0.05), and types of diets 
(χ2=18.45, p<0.0.05) showed association with depression.

Table 1 Characteristics of Sample Based on Depression and Anxiety

Mean±SD (95% CI) Depression F

Normal 
(no=112)

Borderline- 
Abnormal 
(no=137)

Abnormal 
(no=53)

Age (Year) 20±1.68  

(20.4–21.0)

20.8±1.86  

(20.5–21.1)

21.2±1.49 

(20.8–21.6)

1.525

BMI (kg/m2) 23.9±3.21  

(20.7–22.5)

24.5±3.57  

(20.8–22.4)

24.8±3.79 

(21.0–23.6)

0.46

Energy intake (kcal/day)* 1180.4.±372.8 

(1110–1150)

950.1.±316.9  

(910–995)

820.7.±260.2 

(802–890)

52.73

Number(%) Normal 
(no=112)

Borderline- 
Abnormal 
(no=137)

Abnormal 
(no=53)

χ2

Marital Status
Married 51(46) 55(40) 20(38) 4.41
Unmarried 61(54) 82(60) 33(62)

Education level*
High school and less 28(25) 39(28.5) 15(28.3) 14.11
Graduation/diploma 48(43) 55(40.1) 16(30.2)
Postgraduate 36(32) 43(31.4) 22(41.5)

Income (SAR/ month)a,*

Low 40(36) 57(42) 20(38) 14.08
Average to Moderate 38(34) 50(36) 18(34)
High 34(30) 30(22) 15(28)

What do you feel about your weight and body shape?
Frustrated 35(31) 45(33) 19(36) 6.39
Angry or upset 37(33) 47(34) 18(34)
Satisfied 40 (36) 45(33) 16(30)

(Continued)
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Table 1 (Continued). 

Mean±SD (95% CI) Depression F

Normal 
(no=112)

Borderline- 
Abnormal 
(no=137)

Abnormal 
(no=53)

Do you have stresses or situations that impact your mood and 
reflect in your eating habits and weight?
Yes 36(32) 47(34) 19(36) 8.46
No 36(32) 45(33) 17(32)

Sometimes 40(36) 45(33) 17(32)

Types of diet*
● Low-calorie diet = 61(20%) 22(36) 28(46) 11(18) 18.45
● Low to mild carb, low to moderate protein and low fat = 121 (40%) 45(37) 55(46) 21(17)
● High protein diet with moderate carb and mild fat = 45 (15%) 17(38) 20(44) 8(18)
● High protein diet with limited carb and mild to moderate fat = 30 (10%) 11(37) 14(47) 5(16)
● Moderate protein diet with limited carb intake and high fat intake = 45 

(15%)
17(38) 20(44) 8(18)

Mean±SD (95% CI) Anxiety F

Normal 
(n=129)

Borderline- 
Abnormal (n=151)

Abnormal 
(n=22)

Age (Year) 20.9±1.66  

(20.6–21.2)

20.8±1.83  

(20.5–21.1)

20.6±1.59 

(19.9–21.3)

0.345

BMI (kg/m2) 23.7±5.10  

(21.1–22.8)

24.6±4.38  

(20.7–22.1)

24.9±4.64 

(20.4–24.5)

0.65

Energy intake (kcal/day)* 1116.3.± 388.9 

(1025–1170)

980.9.± 339.6 

(932–1012)

870.9.± 322.8 

(810–905)

20.25

Number (%) Normal 
(n=129)

Borderline- 
Abnormal (n=151)

Abnormal 
(n=22)

χ2

Marital Status
Married 55(43) 70(46) 12(54.5) 4.78
Unmarried 74(57) 81(54) 10(45.5)

Education level
High school and less 49(38) 48(32) 6(27.2)

Graduation/diploma 43(33) 53(35) 8(36.4) 6.23
Postgraduate 37(29) 50(33) 8(36.4)

Income (SAR/ month)a,*
Low 43(33.3) 52(34.4) 7(32) 15.53
Average to Moderate 48(37.2) 53(35.1) 6(27)
High 38(29.5) 46(30.5) 9(41)

What do you feel about your weight and body shape?
Frustrated 40(31) 50(33) 9(41) 5.30
Angry or upset 43(33) 51(34) 7(32)

Satisfied 46(36) 50(33) 6(27)

(Continued)
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In the context of anxiety, ANOVA analysis revealed that age (F = 0.34, p > 0.05) and BMI (F = 0.65, p > 0.05) of 
participants were not significantly different among participants with no risk of anxiety. However, energy intake was 
significantly different between participants (F=20.25, p<0.001) with a risk of anxiety. The estimated calorie or energy 
intake was lower in women with abnormal anxiety (870.9±322.8 kcal) than women with borderline-abnormal anxiety 
(980.9±339.6 kcal) or with no anxiety (1116.3±388.9 kcal). Additionally, marital status (χ2 = 4.78, p > 0.05), education 
level (χ2= 6.23, p > 0.05), and psychological factors (χ2=5.30, p>0.0.05; χ2=9.03, p>0.0.05) showed no association with 
anxiety. In contrast, income (χ2=15.53, p<0.05), and types of diets (χ2=20.09, p<0.0.05) showed association with anxiety.

The percentage of the dietary consumption of the participants based on FFQ is presented in Figure 1.

Table 1 (Continued). 

Mean±SD (95% CI) Depression F

Normal 
(no=112)

Borderline- 
Abnormal 
(no=137)

Abnormal 
(no=53)

Do you have stresses or situations that impact your mood and 
reflect in your eating habits and weight?
Yes 42(32.5) 50(33.1) 9(41) 9.03
No 42(32.5) 49(32.5) 5(23)

Sometimes 45(35) 52(34.4) 8(36)

Types of diets*
● Low-calorie diet = 61(20%) 26(43) 30(49) 5(8) 20.09
● Low to mild carb, low to moderate protein and low fat = 121 (40%) 52(43) 60(50) 9(7)
● High protein diet with moderate carb and mild fat = 45 (15%) 19(42) 23(51) 3(7)
● High protein diet with limited carb and mild to moderate fat = 30 (10%) 13(43) 15(50) 2(7)
● Moderate protein diet with limited carb intake and high fat intake = 45 

(15%)
19(42) 23(51) 3(7)

Notes: *Trend p-value indicates statistical significance < 0.05. aLow, <5000 Saudi Riyal per month; Moderate, 5000 to <15,000 Saudi Riyal per month; high income, 
≤15,000 per month. 
Abbreviation: no, number of participants.

Figure 1 Percentage of the dietary consumption of the participants based on FFQ. 
Notes: Fat included animal fat and vegetable fat. Fish, mostly included tuna.
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Table 2 presents the impact of macronutrients on borderline-abnormal anxiety and abnormal anxiety as obtained from the 
multinomial logistic regression analysis. A significant increase in the OR for borderline-abnormal anxiety was observed for 
calories (OR 1.03; 95% CI 1.01–1.06; p = 0.011). A significant but inverse relation was found between borderline-abnormal 
anxiety and macronutrients such as carbohydrates (OR 0.89; 95% CI 0.89–0.98; p = 0.016), fat (OR 0.78; 95% CI 0.63– 
0.96; p = 0.011), protein (OR 0.88; 95% CI 0.80–0.97; p = 0.014), and omega-3 (OR 0.91; 95% CI 0.86–0.97; p = 0.002). The 
negative beta values of carbohydrates (β = −0.12), fat (β = −0.25), protein (β = −0.13), and omega-3 (β = −0.09) indicate that 
every single unit of increase in carbohydrates, fat, protein, and omega-3 will decrease borderline-abnormal anxiety. Likewise, 
a significant increase in the OR for abnormal anxiety was observed for calories (OR 1.04; 95% CI 1.01–1.06; p = 0.005). 
A significant but inverse relation was found between abnormal anxiety and macronutrients such as carbohydrates (OR 0.86; 
95% CI 0.77–0.95; p = 0.004), fat (OR 0.79; 95% CI 0.63–0.99; p = 0.043), protein (OR 0.87; 95% CI 0.78–0.97; p = 0.011), 
and omega-3 (OR 0.85; 95% CI 0.76–0.97; p = 0.012). The negative beta values of carbohydrates (β = −0.15), fat (β = −0.24), 
protein (β = −0.14), and omega-3 (β = −0.16) indicate that every single unit of increase in carbohydrates, fat, protein, and 
omega-3 will reduce the risk of abnormal anxiety. Other macronutrients such as fiber (OR 1.05; 95% CI 0.99–1.12; p = 0.11), 
sugars (OR 0.99; 95% CI 0.98–1.01; p = 0.38), monounsaturated fat (OR 0.99; 95% CI 0.89–1.10; p = 0.84), polyunsaturated 
fat (OR 0.95; 95% CI 0.81–1.11; p = 0.52), and saturated fat (OR 0.96; 95% CI 0.86–1.07; p = 0.45) had no impact on anxiety. 
Overall, the data indicate a significant association between the risk of anxiety and macronutrients in young females.

The impacts of macronutrients on borderline-abnormal depression and abnormal depression as obtained from the 
multinomial logistic regression analysis is presented in Table 2. A significant increase in the odds of borderline-abnormal 

Table 2 Odds Ratios and 95% Confidence Intervals for Anxiety and Depression According to Macronutrients

Factors Related to Anxiety Borderline-Abnormal Abnormal

β±SE OR (95% CI) P value β ±SE OR (95% CI) P value

Fiber (g) 0.05±0.03 1.05 (0.99–1.12) 0.115 0.08±0.04 1.08 (0.99–1.18) 0.084
Carbohydrate (g)* −0.12±0.05 0.89 (0.81–0.98) 0.016 −0.15±0.05 0.86 (0.77–0.95) 0.004

Sugars (g) −0.01±0.01 0.99 (0.98–1.01) 0.387 0.00±0.01 1.00 (0.99–1.02) 0.597

Total Fat (g)* −0.25±0.11 0.78 (0.63–0.96) 0.02 −0.24±0.12 0.79 (0.63–0.99) 0.043
Cholesterol (mg) 0.00±0.00 1.00 (1.00–1.00) 0.512 0.00±0.00 1.00 (1.00–1.00) 0.847

MUSFs (g)a −0.01±0.05 0.99 (0.89–1.10) 0.848 −0.11±0.07 0.89 (0.78–1.02) 0.094

PUSFs (g)b −0.05±0.08 0.95 (0.81–1.11) 0.527 −0.09±0.09 0.91 (0.76–1.10) 0.331
Saturated Fat (g) −0.04±0.06 0.96 (0.86–1.07) 0.454 −0.0870.07 0.92 (0.81–1.05) 0.204

Protein (g)* −0.13±0.05 0.88 (0.80–0.97) 0.014 −0.14±0.06 0.87 (0.78–0.97) 0.011

Calories (Kcal)* 0.03±0.01 1.03 (1.01–1.06) 0.011 0.04±0.01 1.04 (1.01–1.06) 0.005
Omega 3 (g)* −0.09±0.03 0.91 (0.86–0.97) 0.002 −0.16±0.06 0.85 (0.76–0.97) 0.012

Water (g) 0.00±0.00 1.00 (1.00–1.00) 0.101 0.00±0.00 1.00 (1.00–1.00) 0.522

Factors Related to Depression Borderline-Abnormal Abnormal

β ±SE OR (95% CI) P value β ±SE OR (95% CI) P value

Fiber (g) −0.02±0.03 0.98 (0.93–1.04) 0.058 −0.02±0.07 1.02 (0.88–1.18) 0.078

Carbohydrate (g) −0.04±0.04 0.96 (0.88–1.04) 0.299 −0.02±0.1 0.98 (0.81–1.19) 0.824
Sugars (g) −0.01±0.01 0.99 (0.98–1.00) 0.263 0.00±0.01 1.00 (0.97–1.02) 0.889

Total Fat (g) −0.18±0.1 0.84 (0.69–1.03) 0.086 0.00±0.22 1.00 (0.65–1.53) 0.999

MUSFs (g)a 0.00±0.00 1.00 (1.00–1.00) 0.600 0.00±0.00 1.00 (1.00–1.01) 0.236
Cholesterol (g)* 0.14±0.05 1.15 (1.04–1.28) 0.007 −0.13±0.12 0.88 (0.70–1.10) 0.262

PUSFs (g)b 0.12±0.06 1.12 (0.99–1.28) 0.072 0.08±0.13 1.08 (0.84–1.39) 0.528

Saturated Fat (g) 0.04±0.05 1.04 (0.94–1.15) 0.467 0.05±0.09 1.05 (0.89–1.24) 0.583
Protein (g) −0.05±0.05 0.95 (0.87–1.04) 0.248 0.00±0.1 1.00 (0.82–1.23) 0.970

Calories (Kcal) 0.01±0.01 1.01 (0.99–1.03) 0.277 0.00±0.02 1.00 (0.96–1.05) 0.892
Omega 3 (g)* −0.03±0.02 0.97 (0.92–1.02) 0.228 −1.19±0.41 0.31 (0.14–0.68) 0.004

Water (g)* 0.00±0.00 1.00 (1.00–1.00) 0.001 0.00±0.00 1.00 (1.00–1.00) 0.005

Notes: *Significant <0.05, aMonounsaturated fat, bPolyunsaturated fat.
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depression was observed for cholesterol (OR 1.15; 95% CI 1.04–1.28; p = 0.007). Further, a significant but inverse 
relation was found between abnormal depression and omega-3 (OR 0.31; 95% CI 0.14–0.68; p = 0.004), indicating that 
every single unit of increase in omega-3 will reduce abnormal depression. Other macronutrients such as fiber (OR 1.02; 
95% CI 0.88–1.18; p = 0.078), carbohydrates (OR 0.98; 95% CI 0.81–1.19; p = 0.82), polyunsaturated fat (OR 1.08; 95% 
CI 0.84–1.39; p = 0.52), saturated fat (OR 1.05; 95% CI 0.89–1.24; p = 0.58), and protein (OR 1.00; 95% CI 0.82–1.23; 
p = 0.97) had no impact on depression.

Further analysis of the case processing summary for the anxiety group showed that out of 302 female participants, 
45.4% had a risk of borderline-abnormal anxiety and 17.5% had a risk of abnormal anxiety, while the remaining 37.1% had 
no risk of anxiety (normal). The model fit was significant (χ2 (24) = 47.482, p < 0.01), indicating the association between 
macronutrients and risk of anxiety. The pseudo-R2 values for three metrics, namely Cox and Snell (0.145), Nagelkerke 
(0.167), and McFadden (0.076), indicated a moderate relationship between dependent and independent variables. Further, 
the likelihood-ratio tests indicate that carbohydrates (χ2 = 8.81, p < 0.05), calories (χ2 = 9.14, p < 0.05), protein (χ2 = 7.75, 
p < 0.05), and omega-3 (χ2 = 17.74, p < 0.01) significantly contributed to the prediction of anxiety (Table 3).

Further analysis of the case processing summary for the depression group shows that out of 302 female participants, 
50.0% had a risk of borderline-abnormal depression and 7.3% had a risk of abnormal depression, while the remaining 

Table 3 Likelihood Ratio Tests for Anxiety and Depression

Effect Anxiety Model Fitting Criteria −2  
Log Likelihood of  
Reduced Model

Likelihood Ratio Test

Chi-Square Df Sig.

Intercept 571.608 2.793 2 0.247

Fiber (g) 572.558 3.743 2 0.154

Carbohydrate (g)* 577.627 8.812 2 0.012
Cholesterol (mg) 569.284 0.470 2 0.791

Monounsaturated Fat (g) 572.367 3.553 2 0.169

Polyunsaturated Fat (g) 569.807 0.992 2 0.609
Saturated Fat (g) 570.458 1.643 2 0.440

Fat (g) 574.747 5.932 2 0.051

Calories (Kcal)* 577.956 9.141 2 0.010
Protein (g) 576.573 7.758 2 0.021

Sugars (g) 570.428 1.614 2 0.446
Omega 3 (g)* 586.562 17.747 2 0.000

Water (g) 571.558 2.743 2 0.254

Effect Depression Model Fitting Criteria -2  
Log Likelihood of  
Reduced Model

Likelihood Ratio Tests

Chi-Square Df Sig.

Intercept 496.339 14.494 2 0.001

Fiber (g) 482.317 0.473 2 0.790
Carbohydrate (g) 482.929 1.084 2 0.582

Monounsaturated Fat (g) 483.680 1.836 2 0.399

Cholesterol (mg)* 493.196 11.352 2 0.003
Polyunsaturated Fat (g) 485.192 3.348 2 0.188

Saturated Fat (g) 482.523 0.678 2 0.712

Fat (g) 485.116 3.272 2 0.195
Calories (Kcal) 483.056 1.211 2 0.546

Protein (g) 483.302 1.458 2 0.482

Sugars (g) 483.148 1.304 2 0.521
Omega 3 (g)* 505.163 23.319 2 0.000

Water (g)* 498.225 16.381 2 0.000

Note: *Significant <0.05.
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42.7% had no risk of depression (normal). The model fit was significant, as revealed by a significant chi-square value (χ2 

(24) = 58.03, p < 0.01), indicating an association between selected macronutrients and the risk of depression. The 
pseudo-R2 values for Cox and Snell (0.175), Nagelkerke (0.209), and McFadden (0.107) suggest that 10% to 20.9% of 
the variation in depression could be predicted by micronutrients. Further, the likelihood-ratio tests indicate that 
cholesterol (χ2 = 11.35, p < 0.01) and omega-3 (χ2 = 23.31, p < 0.01) significantly contributed to the prediction of 
risk of depression.

Regarding the perception of the effect of specific macronutrients, about 20% of participants followed a low-calorie 
diet (lower in all macronutrients) and 40% of participants followed a diet with low to mild carbohydrates, low to 
moderate protein and low fat. A high protein diet with moderate carbohydrates and mild fat was followed by 15% and 
a high protein diet with limited carbohydrates and mild to moderate fat was followed by 10% of participants, and finally, 
about 15% followed a moderate protein diet with limited carbohydrate intake and high fat intake.

Discussion
The present cross-sectional study revealed an association of individual macronutrients, specifically carbohydrates, 
protein, fat, and omega 3, with anxiety and depression. In the context of macronutrients, it was found that low 
carbohydrate intake was associated with a risk of borderline-abnormal anxiety and abnormal anxiety. In agreement 
with this finding, Yarizadeh et al32 reported that after adjusting for women’s age, BMI, physical activity, and total energy 
intake, low carbohydrate intake was associated with mood disorders including anxiety and depression. By contrast, in 
a cross-sectional study, adults on a low-carbohydrate, high-fat, and high-protein diet showed no signs of mood disorders 
such as depression and anxiety21,33 Further, an association of carbohydrate intake with mood disorders was also noted in 
a mouse model. It was found that mice fed with diets high in refined carbohydrates showed anxiety and depression 
disorders,34 whereas dietary patterns containing complex carbohydrates provided stability to personality characteristics 
such as trait anxiety among females.33 Carbohydrate metabolism releases glucose in the blood, thereby stimulating the 
release of serotonin and tryptophan in the brain, which has a calming effect on mood. It could be posited that a healthy 
diet with an adequate quantity of macronutrients can prevent mood disorders. However, a diet containing healthy and 
complex carbohydrates such as whole grains can be beneficial in reducing symptoms of anxiety.

In the context of protein, low protein intake was associated with a risk of borderline-abnormal anxiety and abnormal 
anxiety. About 40% of participants consumed a moderate to high protein diet accompanied by mild to moderate 
consumption of other macronutrients such as carbohydrate and fat. In line with the present study, Khanna and Aeri35 

found that reduced protein intake, in particular low consumption of protein-rich foods such as milk and legumes, 
increased depression and anxiety among adolescent boys and girls. Likewise, in a mouse model, a low-protein diet was 
associated with behavioral changes such as memory loss and anxiety.36 Pooyan et al22 noted reduced symptoms of 
depression after intake of a high-protein diet in healthy adults. In addition, a ten-year follow-up study concluded that 
protein-rich food can improve mood and behavior.37 The possible link between the association of protein intake and 
depression is attributed to high levels of tryptophan and serotonin, which have a positive effect on mood. In relation to 
this, in a cross-sectional study, tryptophan intake reduced depressive symptoms among young and middle-aged women.38

The findings of the present study showed an association between lower fat intake and risk of borderline and abnormal 
anxiety scores, which was in concordance with studies supporting the association of fat or lipids with anxiety disorder. 
According to Nakajima et al,39 in a high-fat diet, lipid composition containing saturated fatty acid is the deciding factor 
in mood changes, including those related to anxiety. Although the association of anxiety with unsaturated (mono- and 
poly-) and saturated fat could not be established in the present study, a cross-sectional study showed that saturated fatty 
acids increased anxiety, while other fatty acids including MUFAs, oleic acid, alpha-linolenic acid, and polyunsaturated 
fatty acids (PUFAs) reduced anxiety among women.20 The present study also showed an association of higher cholesterol 
with the risk of borderline-abnormal depression. In the literature, the association between cholesterol and depression is 
not yet conclusive. However, a disturbance in the lipid profile has been observed in the population suffering from major 
depressive disorders.40 In addition, outcomes varied among types of population, such as children, young adults, and the 
elderly. However, studies that show an association base their arguments on the fact that cholesterol contributes to 
depression by altering the inflammatory profile and serotonergic receptor function, and by interfering with the 
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hypothalamic-pituitary-adrenocortical (HPA)-axis, thereby contributing to depression.41 In the present study, the type of 
cholesterol contributing to depressive symptoms was not identified. Nevertheless, in one study, the depressive mood 
among young adolescent boys was associated with higher levels of low-density lipoprotein (LDL), but the authors did not 
find this association significant in young girls.41 In a meta-analysis review consisting of 11 case-control studies with 
a heterogeneous population, elevated triglyceride and decreased high-density lipoprotein (HDL) showed an association 
with first episodes of major depressive disorder (MDD).42

Omega-3 is related to the proper functioning of neurons. In the present study, omega-3 intake had an impact on 
borderline-abnormal anxiety, abnormal anxiety, and abnormal depression. Lower omega-3 was associated with the risk 
of depression and anxiety. However, in the literature, researchers have reported inconsistent results regarding the 
impact of omega-3 on mental disorders.43 A decreased level of omega-3 fatty acids is known to increase the rate of 
depression.44 In an intervention study, supplementation of omega-3 fatty acids lowered the depression rate.45 An 
accepted dose of 1–2 g/day for a normal person without mood disorders and 9.6 g/day for patients with mood disorders 
is recommended to prevent incidences of mood disorders.44 Liu et al46 reported that reduced levels of omega-3 could 
alleviate depressive disorders in people who suffer from a severe anxiety disorder. Further, in the present study, the 
association of anxiety and depression with a type of omega-3 was not addressed. However, Jacka et al47 found that 
docosahexaenoic acid (DHA), a type of omega-3 found in fish, was effective in reducing depression and anxiety 
among women of ages ranging from 20–93 years. It is acknowledged that DHA plays a role in hippocampal 
neurogenesis and potentially prevents depression.48 Su et al49 found that in a heterogeneous population across 11 
countries, omega-3 treatment was effective in reducing anxiety symptoms. However, contrary to studies supporting the 
effect of omega-3 in reducing mood disorders, a pool study of 31 clinical trials showed no impact of omega-3 on 
depression or anxiety symptoms. Further, the dose of an omega-3 supplement ranging from 0.95 g/d to 1.1 g/d for 
a duration of 6 months to 12 months had little or no effect on the prevention of depression or anxiety symptoms.50 Yet 
scientific evidence has shown that omega-3 fatty acids, proteins, and certain vitamins and minerals are the precursors 
of intracerebral neurotransmitters such as dopamine, glutamate, aspartate, and serotonin, which affect mood and 
aggression in individuals.44 Overall, from the study, it can be gathered that any decrease in macronutrients may 
directly affect the behavior of individuals.

Further, in the context of a weight-control diet containing a low-calorie and low carbohydrate diet, a poor diet 
containing low amounts of healthy macronutrients such as carbohydrates from whole grains or omega-3 fats can lead to 
poor mental health via multiple biological pathways including hormonal or inflammatory pathway.51 On the contrary, 
certain studies report benefits of a calorie-restricted diet in reducing depression score, however, those studies were mainly 
performed on obese people who took recommended dietary intervention to reduce body weight.29 Besides, with respect 
to the gut microbiome, emerging evidence indicates that the relationship between dietary pattern and depression or 
anxiety is bidirectional and is linked to gut microbiota.52 A diet containing vegetables, dietary fiber, milk and milk 
products is shown to improve microbiome diversity and mental health.53 Thus, it can be argued that planning of a weight 
control diet based on self-perception of macronutrients and without any guidance from a diet expert can have a negative 
effect on the gut microbiota and subsequent mood.

The present study has certain limitations. First, FFQ and the 24-hour dietary recall method and participants’ 
reports on portion sizes are subject to error. In addition, biochemical data may be beneficial in this case. The study 
was limited to young female students and professionals who worked in Al Madinah region. Also, sex-specific 
differences in depression and anxiety have been reported. Thus, this data cannot be generalized to men. A standard 
questionnaire was used to measure anxiety and depression; therefore, extending the outcomes to subjects with 
clinically diagnosed depression or anxiety may not be applicable. Despite these limitations, the study validates the 
impact of individual macronutrients on depression and anxiety, especially among those who attempt to follow 
a weight-control diet based on controlling the amount of macronutrient intake to lose weight or to maintain weight. 
To strengthen the outcomes and its applicability to a larger population, certain recommendations for future research 
are outlined. Research to identify the contribution of types of omega-3 fatty acids and lipid composition to anxiety 
and depression should be done. Further, dietary interventions involving supplements for omega-3 or protein supple-
ments should be conducted. Since anxiety and depression peak in early adulthood, a similar study on males in the 
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same age category will highlight any sex-specific association between macronutrients and anxiety or depression. 
Thus, several studies conducted in Saudi Arabia4–10 have revealed that young Saudi women suffer from considerable 
rates of anxiety and depression. Probably one of the main issues that young Saudi women need to be aware of is 
adhering to a diet to lose weight under professional supervision. Further studies will include the female population 
from other cities of Saudi Arabia.

Conclusion and Implications for Research and Practice
Based on the outcomes, the present study showed an effect of weight management which is based on self-perception of 
specific macronutrients on mood. This study found an inverse association of macronutrients with the odds of depression 
and anxiety among young females who attempt to follow a weight-control diet. A lower dietary intake of carbohydrates, 
protein, and fat was associated with an increased risk of borderline-abnormal and abnormal anxiety scores. In addition, 
lower dietary intake of omega-3 was associated with an increased risk of both abnormal depression and abnormal anxiety 
scores. Thus, the findings of the present study have clinical implications. The results indicate the importance of profiling 
macronutrient intake in young females to predict the onset of symptoms of depression and anxiety. The awareness should 
be raised among young females to follow a balanced diet. However, they also should be aware of the effect of limited or 
increased specific diets or macronutrients without any consultation from dietitians. The practitioners should do a regular 
mood screening for young females who have a self-perception of the effect of a specific macronutrient on weight.

Finally, the study is important since there is a lack of research on this topic, if not internationally, then in the region. 
Because the importance of food and/or micro-macronutrients in the mind, mood, and cognitive function is well under-
stood, it also has long-term health or physical and psychological repercussions, especially if the problem is not addressed. 
Continued reductions in any of the macronutrients for no medical cause may have significant physiological, physical, and 
psychological consequences if not compensated for, burdening countries and costing a lot of money to treat. This is 
a preliminary study; further investigations will include populations from other Saudi cities.
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