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Abstract

Depression is an important and common disorder in the elderly. Plant-based dietary patterns are often considered “healthy” Q
associated with various health benefits. However, the association between plant-based dietary indices and depression is largely
ambiguous. This cross-sectional study aimed to investigate the relationship between plant protein indices and depression in
the elderly population. In this cross-sectional study, conducted on 80 elderly people living in Shiraz City, food intake information
was collected using a 147-item food frequency questionnaire. Plant-based diet index (PDI), healthy PDI (hPDI), and unhealthy
PDI (uPDI) were used to assess dietary patterns. Also, depression was evaluated using the Beck Depression questionnaire. A
linear regression method in crude and 2 adjusted models was used to investigate the relationship between dietary indicators and
depression. P < .05 was considered significant. Higher PDI and uPDI scores were related to lower intakes of vitamin B12 (P = .04,
.03). Also, higher hPDI and uPDI scores were associated with lower saturated fatty acids intakes (P = .04, .01). A significant
positive relationship between depression and hPDI was observed in both crude (P = .01), and adjusted (P = .01) models. While,
for PDI and uPDlI, no significant relationship was observed in any of the models. Plant-based dietary patterns could be possibly
related to depression in the older population. However, the evidence is inconsistent and more investigations with larger sample
sizes and appropriate designs are needed to clarify this relationship.

Abbreviations: FFQ = Food Frequency Questionnaire, hPDI = healthy plant-based diet index, PDI = plant-based diet index,

Keywords: dietary patterns, elderly, mental health, vegetarian

SFA = saturated fatty acid, uPDI = unhealthy plant-based diet index.

1. Introduction

Depression is one of the cognitive disorders with a 3.8% prev-
alence in the entire population, 5% in the adult population,
and 5.7% in the population over 60 years old.l" It is different
from short-term emotional responses to daily life challenges
and mood swings. Particularly, when depression is severe, it
may become a serious and health-threatening situation. This
situation can cause suffering and torment in the person and
affects the person’s work, academic, and family performance.
In the most extreme case, depression can lead to suicide.? In
low- and middle-income countries, >75% of people do not
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receive mental health treatment, despite the fact that there are
effective and known treatments. Treatment obstacles include
lack of health education and resources, and social stigma asso-
ciated with mental disorders. The amount of mental health dis-
orders is increasing and greatly impacts society’s health and the
economic burden in the field of health.B! Changeable lifestyle
behaviors, such as physical inactivity and smoking, play a signif-
icant role in mental health disorders.*! Recently, more attention
has been paid to the association between diet and depression.”!
Some evidence indicates that eating vegetables and fruit can
reduce the risk of depression,*¥! while other studies did not
show a significant relationship, and some reported an inverse
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relationship.”-"'l Due to the increasing prevalence of vegetarian
diets around the world, there has recently been an increasing
interest in studying the relationship between vegetarianism and
depression.!'?l A vegetarian diet is based on compounds derived
from plants such as vegetables, whole grains, seeds, nuts,
legumes and fruits, or some nonmeat animal products (such as
dairy foods, eggs, or honey). Vegans, do not consume any ani-
mal products, including eggs, dairy and honey, and refrain from
consuming animal products in ready-made products.!'3 It was
reported that a vegetarian or vegan diet may be associated with
an increased risk of depression; as vegan diets lack vitamin B12
and long-chain omega-3 polyunsaturated fatty acids, both of
which play a role in brain health and function.!" However, veg-
etarian diets are rich in antioxidants, including beta-carotene,
vitamins E and C which may counteract depression-associated
brain inflammation.!*>-7!

Considering the unclear relationship between a vegetarian
diet and depression and the lack of studies in this regard in the
Iranian elderly population, this study aimed to investigate the
relationship between plant-based dietary protein indices and
depression in the elderly.

2. Materials and methods

In this cross-sectional study, using the study of Lee et al,!'$ the
sample size was determined considering the diet evaluation
index. Considering stratified sampling and design effect equal
to 0.8 (R = 0.25, power = 80 percent, and a = 0.05), the sample
size was estimated to be 80 participants. Sampling for the pres-
ent study was done at Jahandidehgan Center (Elderly Health
Research and Monitoring Center in Shiraz). It was done from
different classes of older adults referred to this center. A total of
80 participants who were referred to this center were selected by
a simple random method.

The protocol of this study was reviewed and approved by the
Ethics Committee of Shiraz University of Medical Sciences (IR.
SUMS.REC.1403.229). After explaining the steps of the study
to the participants, a written consent form was presented to
them. If they signed it, they entered the study. All participants
were assured that they would not incur any costs during the
study. In addition, all their information would remain confiden-
tial and at the end of the study and they would benefit from
individual nutrition counseling. Then, a questionnaire (check-
list) of demographic information including age, education,
occupation, etc was completed for all participants, and anthro-
pometric indicators such as weight, height, waist circumference,
and hip circumference were measured. Dietary evaluation was
also done for all participants. In addition, to investigate the rela-
tionship between depression status and diet indicators, patients’
depression status was also evaluated by a questionnaire. People
who could understand the contents and questions and had the
ability to answer the questions, did not use a special diet or spe-
cial dietary supplements, have not been hospitalized in the past
month, or have not been infected with any infectious disease,
entered the study. In addition, those with special movement
disabilities, digestive problems, mental-psychological problems,
Alzheimer or forgetfulness, and those who lived in an elderly
center were not included in the study. People who, for any rea-
son, were on a special diet or abstaining from food that greatly
affected their diet were not included in the study as well (such
as low protein diets, etc).

The weight of people with minimal clothing and without
shoes was measured and recorded with a Seca-type scale with a
minimum of 0.1 to a maximum of 150kg and with an error of
100 grams in the morning, and the height was recorded with a
meter installed on the wall, while standing next to the wall with-
out shoes, while the shoulders were in normal conditions and the
hips, shoulders, and heels were tangent to the wall and the head
was facing the front. Body mass index was obtained by dividing
weight (kg) by square of height (meter). The measurement of
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waist circumference at the midpoint between the last rib and the
iliac crest and the circumference of the hips in the largest area
was measured with the help of an inflexible tape measure with-
out applying pressure to the body with an accuracy of 0.1cm.

A food frequency questionnaire (FFQ) with 147 items was
used to check food intake.” All information was collected
through face-to-face interviews with trained and experienced
nutritionists. The participants were asked to indicate the amount
and frequency of consumption of food items mentioned in the
FFQ that they consumed during the past year, on a daily, weekly,
monthly, and yearly basis. Then the amount reported by each
participant was converted to grams per day.

Satija et al.’s method®®! was used for calculating plant-based
dietary indices. This method includes 3 general indices, plant-
based diet index (PDI), healthy PDI (hPDI), and unhealthy PDI
(uPDI). Food items were divided into 18 groups according to
the similarity of components. These groups include 3 main
classifications of animal foods, healthy and unhealthy plant
foods. Healthy plants include vegetable oils, legumes, fruits,
vegetables, nuts, whole grains, and tea/coffee, while unhealthy
foods (plant-based ones) were considered those containing
fruit juice, sugar-sweetened beverages, potatoes, pastries/des-
serts, and refined grains. In addition, animal foods included
meat, dairy, eggs, animal fat, fish/seafood, and other foods
of animal origin. Then these food items were converted into
10 consumer groups and a score of 1 to 10 was considered
for each item. For the PDI score, the numbers 1 to 10 were
considered the lowest and the highest scores for plant foods,
respectively. For obtaining hPDI, scores of 1 and 10 were
used in the same order as before. The highest consumption of
unhealthy vegetable and animal foods would achieve score 1
and the lowest consumption would achieve 10. For calculat-
ing uPDI, a score between 10 and 1 was assigned to the lowest
and highest consumption of unhealthy plant foods. In addi-
tion, a score between 1 and 10 was considered for the partici-
pants who had the most to least consumption of animal foods
and healthy plant foods. For all plant-based dietary indices,
the sum of the total scores was estimated between 18 and 180.
For each index, higher total scores indicate greater adherence
to that dietary pattern. The Beck Depression Inventory, which
is one of the most common and reliable tests to assess depres-
sion severity, was used to evaluate the level of depression.
This 21-item questionnaire is based on 5 factors composed
of symptoms and signs of depression, including 1-pessimism,
a feeling of failure, self-hatred, suicidal thoughts and lack
of decision making, 2-guilt and expectation of punishment
and blame, 3-crying, change in Self-image, unhappiness and
sadness, 4-weight loss, physical complaints and fatigue and
S-irritability, insomnia, and anorexia. Each question in this
questionnaire is graded based on a 4-option scale of mental
health, mild, moderate disorder, or severe disorder.?" In addi-
tion, previous studies have measured the validity and reliabil-
ity of this questionnaire.??!

The obtained data were analyzed by SPSS software, version
21 (SPSS Inc., Chicago). The normality of the data was checked
by the Kolmogorov-Smirnov test. Considering the normality
of all data, 2 groups were considered to compare quantitative
data with each other. Independent ¢ test was used to compare
quantitative data and y? analysis was used for qualitative vari-
ables. In order to investigate the relationship between dietary
indicators and depression, a linear regression method was used
in crude and 2 adjusted models; model 1: adjusted for age and
sex, and model 2: adjusted for age and sex, plus for education
level, body mass index and energy. P values <.05 were consid-
ered significant.

3. Results

Information about the basic characteristics of the participants
is presented in Table 1. No significant difference was observed
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between the 2 groups of depression scores, except for the aver-
age Beck score (P<.001) and the average hPDI score (P = .03).

Table 2 presents information about the average intakes
of micro and macronutrients and energy, based on the PDI,
hPDI, and uPDI classifications. In the group with a higher PDI
score, carbohydrate (P =.02), vitamin B9 (P =.02), vitamin
C (P =.006), and copper (P =.04) intakes were significantly
higher while vitamin B12 was significantly lower (P =.04). A
higher hPDI score was associated with lower saturated fatty
acids (SFA) intake (P =.04). Also, in the group with higher
uPDI scores, protein (P =.005), fat (P =.02), SFA (P =.01),
monounsaturated fatty acids (P =.003), vitamin E (P =.004),
B6 (P=.001), B12 (P =.03), vitamin C (P =.01), magnesium
(P =.005) and zinc (P = .003) intakes were significantly lower.

Table 3 shows the results of linear regression analysis
between the depression score and the score of each of the
3 plant protein indices. A significant positive relationship
between depression and hPDI was observed in both crude
(P =.01) and adjusted (P =.01) models, while, for PDI and
uPDI, no significant relationship was observed in any of the
models.

4. Discussion

Elderly people are at a higher risk of developing affective disor-
ders, which are on the rise. Globally, researchers and healthcare
professionals are trying to recognize and eliminate modifiable
causal factors.!?)! Diet is a crucial and controllable factor that
affects the mental health of the elderly, which is why the pros-
pect of improving mental health through dietary changes is par-
ticularly attractive.?* However, nutritionists have not agreed on
which diet would be effective in preventing or alleviating the
symptoms of late-life depression. There has been a tendency to
advocate abstinence from meat, and dairy products, or at least
limiting their intake for decades in order to prevent depres-
sion from developing.['#252¢1 The present cross-sectional study
investigated the relationship between plant food patterns and
depression scores in the elderly population. Results revealed
that a higher PDI score was significantly related to more car-
bohydrates, vitamin B9, vitamin C, and copper intakes. Besides,
higher hPDI scores were associated with lower SFA intakes.

www.md-journal.com

However, higher uPDI scores were related to lower intakes for
all micro and macronutrients and most of them were statisti-
cally significant. Higher PDI and uPDI scores were associated
with lower vitamin B12 intakes. Moreover, a significant rela-
tionship was found between the hPDI and the depression score
in all crude and adjusted models.

The results of the present study regarding the positive asso-
ciation between depression scores and hPDI are in line with
some other studies. An observational retrospective study by
Marche et al which was conducted on the elderly population
in 2024, revealed that depression was more likely to occur in
those who consumed plant-based foods.?”! Furthermore, in
Pes et al’s study®®), which was performed on the long-lived
population of Sardinia, consumption of fruit was significantly
correlated with depression, while consumption of meat and
lard was negatively correlated. A recent study of the ELSA-
Brasil cohort found that people eating a meatless diet were
more likely to suffer from depression.?”! Also, a meta-analysis
by Ocklenburg et al®" reviewed 9 studies, and found that
vegetarians were more likely to suffer from depression than
nonvegetarians. However, in contrast, several studies indicated
that there is a negative relationship between a plant-based
diet and depression.!'®31-331 In order to explain the biological
mechanism by which plant-based dietary patterns may affect
depression, numerous hypotheses have been proposed. Some
mechanisms advocate the hypothesis of the beneficial effects
of vegetarian diets on improving mental health and decreas-
ing depression. A plant-based diet is rich in fiber content. This
could enhance and improve the gut’s useful microbiota, which
leads to reduced oxidative stress and inflammation that are
related to depression.** In addition, plant-based diets could
affect the production of neurotransmitters like dopamine and
serotonin, which are crucial behavior and mood regulators.?’!
Furthermore, vegetarian diets contain fewer cholesterol and
SFAs, which are related to depression.’*”l However, due to the
cross-sectional design of the study, no cause-and-effect rela-
tionship can be obtained and further investigations especially
interventional studies are warranted to elucidate this relation-
ship better. Hence, the data associated with the relationship
between depression and plant protein intake should be inter-
preted cautiously.

Characteristics of the study participants.

Variables Beck score (<13), (n=44) Beck score (*13), (n=37) Pvalue
Age (yr) 66.18 + 5.67 65.18 + 6.90 48
Weight (kg) 70.97 +10.84 69.66 + 12.73 61
Height (cm) 164.75 + 10.98 161.67 + 10.50 .20
BMI (kg/m?) 26.46 + 5.40 26.66 + 4.55 .85
WC (cm) 87.54 +11.78 88.50 +12.80 72
HC (cm) 98.06 + 14.45 100.10 + 15.00 53
Beck score 6.68 + 3.70 20.64 + 8.02 <.01
PDI score 100.59 + 12.97 96.24 +13.78 14
hPDI score 102.27 + 14.20 95.18 + 14.72 .03
uPDI score 97.09 +12.39 100.91 + 15.23 21
Gender (%) 49
Male 22 (50.0) 17 (47.2)
Female 22 (50.0) 19 (52.8)
Marital status (%) 53
Single 10 (22.7) 9(24.3)
Married 34 (77.3) 28 (75.7)
Education status (%) 19
Under diploma 14 (34.1) 17 (45.9)
Diploma and higher 29 (65.9) (54.1)

Data are presented as mean + standard deviation for quantitative variables and as frequency (percentages) for qualitative variables.

Independent samples ¢ test was used for quantitative variables and »? for qualitative variables.
P < .05 was considered significant.

BMI = body mass index, HC = hip circumference, hPDI = healthy plant-based diet index, PDI = plant-based diet index, uPDI = unhealthy plant-based diet index, WC = waist circumference.
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Average nutrient intake according to PDI, hPDI, and uPDI scores in the study participants
PDI hPDI uPDI
Variables <99 (n = 43) >99 (n = 38) Pvalue <100 (n = 42) >100(n=39) Pvalue <101 (n=43) >101 (n=38) Pvalue
Energy (Kcal/d) 1945.66 + 96.96 2144.01 + 213.45 38 212322 +204.13 1947.70 + 79.87 43 2246.40 +189.89 1815.05+81.94 .05
Protein (g/d) 69.77 + 7.31 57.71 + 8.61 .28 72.47 +9.70 55.11 +4.90 12 78.90 + 9.88 4819 + 3.34 .005
Carbohydrate (g/d)  98.90 + 12.64 284.28 + 35.87 .02 238.75 +33.564  239.18 + 14.41 .99 260.69 +33.17 21554 +14.44 22
Fat (g/d) 65.36 + 4.96 59.91 + 5.81 A7 67.69 + 6.61 57.54 + 3.21 18 70.75 + 6.46 54.25 +3.19 .02
Fiber (g/d) 22.96 + 3.63 33.09 +5.43 1 27.94 + 510 27.47 +3.90 94 22.51 + 4.66 33.31 +4.31 .09
Saturated fatty 21.03 +1.67 18.84 +2.07 A1 22.57 +2.25 1724 +1.13 .04 2317 +2.30 16.59 + 0.90 .01
acids (g/d)
Monounsaturated 2511 +1.86 23.04 +1.88 44 25.80 +2.33 22.35+1.07 19 27.81+£222 20.18 +1.06 .003
fatty acids (g/d)
Polyunsaturated 17.93 £ 1.21 17.24 £1.52 72 18.15+1.63 17.03 £ 0.93 .56 18.89 + 1.58 16.22 = 0.99 16
fatty acids (g/d)
Vitamin E (mg/d) 13.54 £ 0.75 16.11+£1.35 .09 13.89 +1.29 15.67 £ 0.72 24 16.83 + 1.25 12.50 + 0.67 .004
Vitamin B6 (mg/d) 227 +0.14 241 +0.24 .61 241+0.25 226 +0.10 .60 277 +0.24 1.87 +0.06 .001
Vitamin B9 (ug/d)  567.82 + 24.57  694.97 + 52.54 .02 639.59 + 48.55  614.42 + 28.76 .66 64151 4917 61235 £27.45 61
Vitamin B12 (ug/d)  3.41 £ 0.33 2.31 041 .04 3.16 + 0.42 2.61 +0.31 .30 3.43 +0.47 2.31+£0.20 .03
Vitamin C (mg/d) 66.02 + 19.02 216.24 + 51.67 .006 110.66 + 47.63  164.32 + 24.80 .33 198.72 + 48.06 69.49 + 19.43 .01
Calcium (mg/d) 794.46 +66.04  751.75+131.19 .76 849.55 +124.89  693.52 + 56.46 27 893.15 +127.43  464.57 + 44.39 .08
Magnesium (mg/d) 485.62 +23.00  528.41 + 39.49 12 489.04 +39.32  493.87 +19.85 91 550.92 +37.68  427.23 +18.23 .005
Iron (mg/d) 19.67 + 0.65 22.02+1.79 .20 21.19+1.65 20.31 +0.70 .63 21.87 +1.59 19.59 + 0.80 .21
Selenium (mg/d) 120.07 £6.13 124.06 + 9.59 72 127.79 £ 8.35 115.65 = 7.09 27 131.38 £ 8.20 111.79 = 7.07 .07
Zinc (mg/d) 12.38 £ 0.70 12.88 +1.16 .70 1314 £1.13 12.05+ 0.60 A1 1445 +1.14 10.63 + 0.42 .003
Copper (mg/d) 1.98 +0.09 240+0.19 .04 217 +£0.18 219+0.09 .90 229+0.18 2.05 +0.009 .25

Numbers were presented as mean =+ standard error.
The independent samples ¢ test statistical test was used.
P < .05 was considered significant.

hPDI = healthy plant-based diet index, PDI = plant-based diet index, uPDI = unhealthy plant-based diet index.

Crude and adjusted odds ratios and 95% confidence intervals
for depression versus healthy and unhealthy plant-based diet
scores.

Depression
Variables Crude model Model 1 Model 2
PDI
<99 Reference Reference Reference
>99 B 0.76 0.73 0.66
95% Cl 0.31-1.83 0.3-1.8 0.25-1.72
Pvalue 54 50 40
hPDI
<100 Reference Reference Reference
>100 B 0.30 0.31 0.28
95% Cl 0.12-0.75 0.12-0.81 0.1-0.75
Pvalue .01 .01 .01
uPDI
<101 Reference Reference Reference
>101 B 1.54 1.63 1.62
95% Cl 0.64-3.73 0.66-3.98 062-4.2
Pvalue .33 .28 32

Crude model: crude coefficient.

Model 1: adjusted for age and sex.

Model 2: adjusted for age and sex, plus for education level, body mass index, and energy.

P < .05 was considered significant.

Cl = confidence interval, hPDI = healthy plant-based diet index, PDI = plant-based diet index,
UPDI = unhealthy plant-based diet index.

However, the current study showed the harmful effects of
plant protein on depression, even for healthy plant proteins. To
justify the results of the present study, some probable mecha-
nisms were proposed to explain the association between vegan
diets and depression. The nutritional deficiencies of vegetarians,
such as a lack of B12, make them more depressed and neurotic

than nonvegetarians.’®! Based on the findings of the German
Nutrition Society, a strict plant-based diet fails to adequately sup-
ply certain nutrients or does so only with difficulty. Vegan diets
may lack certain nutrients including vitamins (vitamin E, vitamin
B6,and vitamin B12) and minerals (magnesium, zinc, etc). Vitamin
B12 is undoubtedly the most important nutrient related to vegan
diets." In line with expectations, vitamin B12 intake was signifi-
cantly lower in the higher PDI and uPDI scores. A plant-based
diet strongly recommends supplementing vitamin B12 since it is
an essential nutrient in numerous metabolic pathways.*!l On the
other hand, affective disorders may lead to vegetarianism for 2
reasons. As a result of suffering from an affective disorder, an
individual may become more aware of their health because they
will try to positively influence their depressive thoughts, and they
may perceive a vegan diet as being healthier than a meat-based
diet. In addition, depression may result in enhanced sensitiza-
tion to the suffering of animals, resulting in a reduction in the
consumption of animal-based products.*°! Hence, due to the all
aforementioned reasons, a possible relationship between depres-
sion and plant protein intake could exist, emphasizing the impor-
tance of animal protein for mental health.

There are some limitations to the current study that should
be noted. First, this study had a small sample size. Also, the
cross-sectional design of the study prevents any inference of
cause and effect from the relationship obtained between the
indicators, and it is necessary to investigate these relationships
within a cohort study. In addition, the existence of different
questionnaires and the issue of completing questionnaires by the
elderly population can be a limitation that has affected the final
data collection. On the other hand, self-administration of anti-
depressants when selecting patients was not considered which
can be another limitation of the current study. Some strengths
also existed for the present study. As compared with the previ-
ous surveys, this study sampled a specific age group. Moreover,
a 147-item FFQ version was used that covered a greater number
of PDI items. The results of the current study were also adjusted
for several confounders to draw better conclusions.
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5. Conclusion

Dietary intake of plant protein could be possibly related to
depression in older adults. This evidence is inconsistent and
uncertain for the sample size and speculations, more appropri-
ate studies are needed to clarify this relationship and a direct
relationship between macronutrients and depression. Further
studies in various populations are warranted to better eluci-
date the exact relationship between dietary patterns and mental
health, especially depression.
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