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Abstract

Depression is highly prevalent in haemodialysis patients, and diet might play an important role. Therefore, we conducted this cross-sectional
study to determine the association between dietary fatty acids (FA) consumption and the prevalence of depression in maintenance
haemodialysis (MHD) patients. Dietary intake was assessed using a validated FFQ between December 2021 and January 2022. The daily intake
of dietary FA was categorised into three groups, and the lowest tertile was used as the reference category. Depression was assessed using the
Patient Health Questionnaire-9. Logistic regression and restricted cubic spline (RCS) models were applied to assess the relationship between
dietary FA intake and the prevalence of depression. As a result, after adjustment for potential confounders, a higher intake of total FA [odds ratio
(OR)13 4. 11 =159, 95 % confidence interval (CD) = 1-04, 2-46] and saturated fatty acids (SFA) (ORr3 .. 11 =183, 95% CI=1-19, 2-84) was
associated with a higher prevalence of depressive symptoms. Significant positive linear trends were also observed (P < 0-05) except for SFA
intake. Similarly, the prevalence of depression in MHD patients increased by 20% (OR = 1.20, 95% CI = 1.01-1.43) for each standard deviation
increment in SFA intake. RCS analysis indicated an inverse U-shaped correlation between SFA and depression (P,opsineqr > 0-05). Additionally,
the sensitivity analysis produced similar results. Furthermore, no statistically significant association was observed in the subgroup analysis with
significant interaction. In conclusion, higher total dietary FA and SFA were positively associated with depressive symptoms among MHD
patients. These findings inform future research exploring potential mechanism underlying the association between dietary FA and depressive
symptoms in MHD patients.
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Depression is a mental disorder that is associated with sadness,
loss of interest or pleasure, feelings of guilt, disrupted sleep,
decreased desire for food, fatigue and difficulty concentrating®.
It has become an important public health problem worldwide.
The prevalence of depression in adults with end-stage renal
disease requiring maintenance haemodialysis (MHD) is as high
as 40 % worldwide®, which is amongst the leading causes of
disability®. A multicenter cross-sectional study from northern
China showed that the prevalence of depression in haemodial-
ysis (HD) patients was as high as 55%“. Concomitant
depression is associated with worse dialysis treatment, dietary

and medication incompliance, lower quality of life, increased
hospitalisation rates and higher mortality®. Early prevention
and slowing of disease progression are important due to a very
high risk of a poor prognosis. According to a previous study,
dietary habits and composition of dietary patterns are the best-
known and most powerful modifiers of brain health"®. Notably,
HD period is also a point where greater dietary control emerges
with respect to dietary source, choice and content . Hence, this
isan important stage of life in which to investigate the association
between diet intake and depressive symptoms in a cohort of
MHD patients.

Abbreviations: BMI, body mass index; BDNF, brain-derived neurotrophic factor; CVD, cardiovascular disease; CIs, confidence intervals; DPA, docosapentaenoic
acids; DHA, docosahexaenoic acids; EPA, eicosapentaenoic acids; FFQ, food frequency questionnaire; FA, fatty acids; HD, haemodialysis; MHD, maintenance
haemodialysis; MUFA, monounsaturated fatty acids; MoCA, montreal cognitive assessment; ORs, odds ratios; PUFA, polyunsaturated fatty acids; PHQ-9, Patient
Health Questionnaire-9; RCS, restricted cubic spline; SD, standard deviation; SFA, saturated fatty acids; UFA, unsaturated fatty acids.
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Fatty acids (FA) are a nutritional factor that is becoming
increasingly important in the occurrence and development of
diseases. It plays numerous functions in the body throughout
an individual’s lifetime, including providing energy for many
body tissues. There are two types of FA: saturated fatty acids
(SFA) and unsaturated fatty acids (UFA), which include
monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA). In addition, they can be divided into
several subtypes depending on the position of the carbon
atoms and the number of double bonds. There is evidence that
FA, particularly 7-3 FA, can influence depression symptoms.
According to a prospective cohort study of adults performed
by Beydoun et al., higher n-3: n-6 dietary FA ratios were
associated with a slower increase in depression symptoms
over time, especially in women?. In addition, according to
the cross-sectional study conducted by Oddy et al., there is an
inverse relationship between 7-3 PUFA intake and depressive
symptoms in adolescents'?. A community-based, longi-
tudinal, multicenter and population-based study by Li et al.
has found that baseline SFA intake was a predictor of
depressive symptoms in middle-aged women after four
years'?. Several previous studies have indicated that dietary
FA intake might be related to the brain’s neurochemistry
properties, function and inflammation’>'?, Therefore, we
hypothesised that there might be an association between
dietary FA intake and depressive symptoms in MHD patients.

To date, no studies have investigated the relationship
between dietary FA and depressive symptoms in MHD
patients. To address this important issue, a cross-sectional
study was carried out to ascertain the correlation, if any,
between dietary FA and depressive symptoms in a cohort of
MHD patients. The findings of the present study will help
provide new dietary management advice and intervention
strategies for MHD patients who exhibit depressive symp-
toms, thereby potentially mitigating depression-associated
morbidity and mortality.

Materials and methods
Design and population

A cross-sectional study was performed between December
2021 and January 2022 using HD patients who received regular
HD treatment in the Dialysis Center of Dalian Municipal Central
Hospital, Dalian, China, which is the largest HD centre in the
three provinces of northeast China. The eligibility criteria for
participants were as follows: age > 18 years; treatment with
conventional HD for at least three months and normal intake of
food and water (not receiving enteral or parenteral nutrition).
HD patients who declined to participate (7 35), those receiving
temporary dialysis (nz 4), those with time on dialysis of
<3 months (n 32), patients with mild impaired cognitive
function (n 30), those with implausible energy intake (< 700
or>3700 kcal/d for male and <600 or>3000 kcal/d for
female,'””  40) and participants with missing key covariates
included in the study (12 19) were excluded. A total of 682 MHD
patients were included in the final analysis (Fig. 1). All study
protocols conformed to the principles of the Declaration of

Helsinki and were approved by the Institutional Medical Ethics
Committee of Dalian Municipal Central Hospital (protocol
number: YN2022-096-04). All study patients signed the written
informed consent form. All information were collected in
Chinese and experienced staff performed these protocols. We
have conducted special training for relatives or nursing staff of
some special patients who cannot self-report dietary informa-
tion and depressive symptoms.

Data collection

Baseline features were extracted from the home page of
electronic medical records of Dalian Municipal Central
Hospital or a standardised self-administered questionnaire,
including gender, age, start dialysis time, education level, marital
status, annual family income, physical activity, anxiety symp-
toms, smoking status (at least once per day for > 6 months),
alcohol consumption (at least once per day for > 6 months) and
co-morbidities (diabetes mellitus, hypertension and history of
cardiovascular disease [CVD]) within one month before and after
blood sample collection. Dialysis age was calculated from the
start of dialysis until December 31, 2021. Diabetes was defined as
a history of diabetes mellitus or the use of hypoglycaemic drugs.
Hypertension was defined as documentation in the medical
record or the use of antihypertensive drugs. CVD history was
defined as previous angina pectoris, transient ischaemic attack or
cerebrovascular incident, congestive heart failure, myocardial
infarction, or peripheral arterial disease. A physical examination
was conducted after dialysis to measure the patient’s weight.
Height was measured by trained staff following a standard
protocol. The formula for the calculation of body mass index
(BMD was as follows: BMI=weight in kilograms divided by
the square of height in metres (kg/m?). Physical activity was
using the International Physical Activity
Questionnaire-Short Form, which contains seven questions
and has been confirmed to be valid in HD patients™. We
employed the Montreal Cognitive Assessment (MoCA) to
evaluate the cognitive function of patients with HD. The sum
of the scale items produces a total MoCA score ranging from 0 to
30, which is positively correlated with the overall cognitive
function!. The criteria for mild cognitive impairment is based
on the Chinese norms of the MoCA®?: total MoCA score < 13 for
illiterate individuals, €19 for individuals with 1-6 years of

measured

education and < 24 for individuals with 7 years of education
or more.

Blood samples were collected from patients before starting
dialysis in the middle of the week. Biochemical indicator levels,
including those of serum Hb, albumin, phosphate, creatinine
and urea nitrogen, were determined using the Hemoglobin
Assay Kit (SLS-Hb), bromcresol green, phosphomolybdate UV,
enzyme method, urease UV rate method in a clinical laboratory,
respectively. Urea clearance was measured using standard
methods and dialysis adequacy was calculated as follows: Kt/
V =-In(R-0-008 X t) + (4-3-5 X R) X UF/W, where R is the ratio of
post-dialysis to pre-dialysis serum urea nitrogen concentration, t
is the duration of HD in hours, UF is the amount of ultrafiltration
in litres during the HD session, and W is the post-dialysis weight
in kilograms®V.
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Patients screened (n 842)

Excluded (n141)

Declined to participate (1 35)
Temporary dialysis (1 4)

Time on dialysis <3 months (7 32)
Impaired cognitive function (730)
Implausible energy intake (140)

Assessed for eligibility (n701)

Data collection (2 701)
* Demographics
Medical record review
* Anthropometric measurements

* Blood biochemistry examination
* Dietary data

Medical record review or post-hacmodialysis measurement

Excluded (#19)
¢ Missing data (n19)

Final analysis (7 682)

Fig. 1. A flow chart indicates patients’ enrolment.

Dietary assessment

Dietary consumption was assessed using a 110-item semi-
quantitative food frequency questionnaire (FFQ) at the time of
recruitment, which was demonstrated to have rational reliability
and validity. The reproducibility coefficients median > 0-50 for
energy and nutrients and reached 0-60 for food groups. The
validity coefficients between the FFQ and weighed diet records
(WDR) median were 0-46, 0-52 and 0-52 for the energy, nutrients
and food groups, respectively. The triad method indicated that
validation coefficients for the FFQ were above 0-3 for most
nutrients, which indicated a moderate or high level of validity®?.
The FFQ was also self-reported during a routine HD treatment
within one month before and after blood sample collection. The
standard food portion size was used to calculate the daily food
intake in grams based on the recommendations in the four-day
WDR. Food item consumption was assessed by asking patients
the following questions: How often did you eat any food in the
past year? Response choices ranged from ‘never’ to ‘twice or
more a day’. The intake of each food item in grams/day was
calculated by multiplying consumption frequencies per day by
fitted portion sizes (g/time). The calculation of dietary SFA, UFA,
MUFA, PUFA, a-Linolenic acid, eicosapentaenoic acid (EPA),

docosapentaenoic acid (DPA), docosahexaenoic acid (DHA),
linoleic acid, arachidonic acid intake was derived using the
China Food Composition Tables (sixth edition)®®. Dietary total
FA were calculated by summing the amounts of all aforemen-
tioned FA. Total n-3 FA were calculated by summing the
amounts of a-Linolenic acid, EPA, DPA and DHA. Total n-6 FA
were calculated by summing the amounts of linoleic acid and
arachidonic acid.

Depressive symptom assessment

Depressive symptom information was self-reported within one
month before and after blood sample collection. The Patient
Health Questionnaire-9 (PHQ-9) score was used in conjunction
with the lifestyle questionnaire to assess depressive symp-
toms®?. PHQ-9 is one of the most common self-assessment
screening tools for depression that has shown significant
screening efficacy in a variety of populations, including
Chinese patients in primary care settings®=2”, A total of 27
points are assigned in the PHQ-9 score, which consists of nine
questions rated from 0 to 3 according to the frequency of
symptoms®?. When PHQ-9 scores are greater than or equal to 5,
subjects are considered depressed®®.
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Covariates

The data included the dietary information for the respondents
and general demographic characteristics, such as age (continu-
ous, years), gender (categorical, male/female), time on dialysis
(continuous, months), BMI (continuous, kg/m?), physical
activity (continuous, metabolic equivalent of task/min/week),
smoking status (categorical, never/ever), alcohol intake (cat-
egorical, never/ever), marital status (categorical, unmarried/
married/divorced/widowed), anxiety symptoms (categorical,
yes or no), education level (categorical, junior high school or
below, senior high school/secondary specialised school/junior
college/university or above), co-morbidities (categorical, yes or
no) and total energy intake (continuous, kcal/day).

Statistical analysis

The residual method was used to adjust the dietary intake of FA. All
continuous variables were tested for normality using the
Kolmogorov-Smirnov test. Normally distributed continuous vari-
ables were represented as means with standard deviation (SD).
Skewed continuous variables were represented as medians
(quartilel-quartile3), while frequency and percentage were used
for categorical variables. Variance analysis and the Kruskal-Wallis
H test were used to determine the differences in continuous
variables. The chi-square test was utilised for categorical variables.
Just as in several previous studies®3?, dietary FA were categorised
based on the tertile distribution. The lowest tertile was considered
to be the reference group. An unconditional multiple logistic
regression model was used to estimate the odds ratios (ORs) and
the corresponding 95 % confidence intervals (CIs) of depressive
symptoms (binary dependent variable). For the covariates in each

(1428 and clinical

model, we mainly refer to previous studies
experience. The first model adjusted for age, gender and time on
dialysis. The second model additionally adjusted for BMI, physical
activity, smoking status, alcohol intake, education level,
co-morbidities, marital status and anxiety symptoms on the basis
of model 1. The third model additionally adjusted for dietary total
energy intake on the basis of model 2. Logistic regression analysis
was used to determine linear trends by allocating the median
dietary FA intake for each tertile as a continuous variable. The
interaction test was carried out by adding corresponding
multiplication terms to the model at the same time. Consistent
with the previous study®, to further control the interference of
potential confounding factors, subgroup analysis was also
conducted on the basis of gender (male/female), age (< 60/
> 60 years), diabetes status (yes/ no), CVD status (yes/ no), BMI
(< 24/ > 24 kg/m»B1-3 and dialysis age (< 36/ > 36 months). The
dose-response relationship between dietary FA and depression
syndrome was determined using a restricted cubic spline (RCS)
regression model with four knots at the 5th, 35th, 65th and 95th
percentiles®® combined with logistic regression adjustment for the
aforementioned covariates. Sensitivity analyses were conducted
only on patients who had no change in dietary behaviour in the past
year in order to test the robustness of the relationship between
dietary FA intake and depression syndrome. All analyses were
performed using SAS (version 9-4; SAS Institute Inc.). The level of
statistical significance was set at P < 0-05 and was based on a two-
sided test.

Results

MHD patients with higher dietary FA intake were characterised
by longer dialysis duration, more physical activity and less
drinking alcohol (Table 1). Compared with patients with lower
FA intake, those with a higher intake tended to consume more
SFA, UFA, MUFA, PUFA, total n-3 FA, a-linolenic acid, EPA, DPA,
DHA, total 7n-6 FA, linoleic acid and arachidonic acid but
consumed a lower amount of total caloric energy (Table 2).

The associations between dietary FA intake and depressive
symptoms in a cohort of MHD patients are presented in Table 3.
Higher intake amounts of total FA and SFA were significantly
associated with higher prevalence of depressive symptoms
compared with the reference group in models 2 and 3. In the
fully adjusted model, a statistically significant positive associa-
tion between the third tertile consumption of total FA and
depressive symptoms was detected compared with the refer-
ence group (OR=1-59, 95% CI=1-04, 2-46; P trend =0-03).
Similarly, a higher SFA intake was associated with an increased
prevalence of depressive symptoms (OR =1-83, 95% CI=1-19,
2-84; P trend < 0-01). In addition, an sD increment in SFA intake
was significantly associated with an increased prevalence of
depressive symptoms (OR = 1-20, 95 % CI=1-01, 1-43).

Stratified analyses were carried out to evaluate the relation-
ship between dietary FA intake and depressive symptoms in
different subgroups. Although we observed a significant
interaction between dialysis age and total PUFA and n-6 FA
(Pinteraction < 0-05), the results showed that no variable signifi-
cantly modified the aforementioned correlation (online
Supplementary Tables 1-3). In sensitivity analyses, a similar
association between dietary FA intake and depressive symptoms
was also observed when restricting the patients who experi-
enced no dietary behaviour change over the course of the last
year (online Supplementary Table 4). This also verified that the
associations between dietary FA intake and depressive symp-
toms in the main findings were reliable.

The results of dose-response relationship between dietary FA
and the prevalence of depression after adjusting for aforemen-
tioned covariates are shown in Figs 2 and 3. Consuming dietary
total FA, UFA, MUFA, PUFA, 7-3 FA and n-6 FA were positively
correlated with the prevalence of depression and in a positive
linear pattern (Phonlinear > 0-05), but the amount of SFA was also
positively associated with depression in an inverted U-shape
(Pm)nlinear = 0042)

Discussion

In this cross-sectional study, we discussed the relationship
between dietary FA intake and depressive symptoms in a cohort
of MHD patients. Generally, after adjusting for confounding
factors, the total FA and SFA intake are associated with higher
depressive symptom prevalence. In addition, the same associ-
ation was observed in the sensitivity analysis. RCS analysis
showed an inverse U-shaped association between SFA intake
and the prevalence of depression, and the highest prevalence of
depression for HD patients was 16 g/d.

Several previous observational studies have investigated the
association between dietary FA intake and depression in general
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Table 1. Baseline characteristics of study patients.
All patients Tertiles of energy-adjusted total fatty acids intake”
(n 682) T1 (n 226) T2 (n 228) T3 (n 228)
Characteristics n % n % n % n %
Range (g/d) <2473 24.73-31-63 > 3163
Demographic parameters
Age (years)
Median 615 60 615 62
quartile1—quartile3 50-69 49-70 49-68 51-70
Male (n, %) 420 61-58 146 64-60 137 60-09 137 60-09
Anxiety symptoms (n, %) 65 9-53 26 11.50 23 10-09 16 7-02
Changes in eating behaviour (n, %) 232 34.02 84 3717 82 35-96 66 28.95
BMI (kg/m?)
Median 23.82 24.02 23.66 23.75
quartile1—quartile3 21.38-26-30 21.49-26.52 21.17-26-30 21.53-26-14
Physical activity (MET/min/week)
Median 297 297 297 396
quartile1—quartile3 0-1188 0-1386 0-1162 0-961-5
Marital status (n, %)
Unmarried 63 9-24 22 973 22 9-65 19 833
Married 505 7405 174 76-99 160 70-18 111 75-00
Divorced 49 718 10 4.42 23 10-09 16 7-02
Widowed 65 9-53 20 885 23 10-09 22 9-65
Educational level (n, %)
Junior secondary or below 338 49.56 116 51.33 111 48-68 111 48-68
Senior high school/technical secondary school 195 28-59 67 29-65 60 26-32 68 29-82
Junior college/university or above 149 21.85 43 19.03 57 25 49 2149
Annual family income (RMB thousand yuan)
(n, %)
<50 202 29.62 64 28-32 69 30-26 69 30-26
50 to <100 317 46-48 115 50-88 99 43-42 103 45-18
> 100 163 23-90 47 20-80 60 26-32 56 24.56
Current or former smoker, (n, %) 301 4413 107 47.35 96 4211 98 42.98
Current or former drinker, (n, %) 235 34.46 94 41.59 67 29-39 74 32.46
Co-morbid conditions, (n, %)
Diabetes 283 41.50 103 45.58 84 36-84 96 4211
Hypertension 579 84-90 193 85-40 193 85-40 193 85-40
CVD 420 61-58 138 61-06 148 64-91 134 58.77
Median  quartilel— Median  quartile1— Median quartilel—  Median quartile1—
quartiled) quartile3) quartiled) quartile3)
Laboratory parameters
Hb (g/1) 113 105-122 114 106-122 113 104-121 111 104-5-122
Albumin (g/l) 413 39:3-434 412 394-436 414 39-4-43-4 41.2 39:15-43.15
Phosphorus (mmol/l) 2.03 1.65-243 2:04 1.70-247 2.03 1-58-2-37 1-99 1.72-2.47
Creatinine (pmol/l)
Mean 898.92 901-54 891.98 903-27
SD 256-52 265-08 259-09 246-08
Urea nitrogen (mmol/l) 2830 24.44-32.79 2822 24.75-32.85 2841 24.30-32:67 2819 24.68-32-85
Time on dialysis (months) 497  21.83-100 4835 22.63-99-23 43-33 20-82:43 61-84 24.72-11217
spKt/V 133 1.17-148 129 1.14-148 1-33 1-19-1.48 1-34 1-19-1-49

Abbreviations: BMI: body mass index; CVD, cardiovascular disease; Hb: hemoglobin; MET, metabolic equivalents of task; spKt/V, Single-pool Kt/Vurea.
Data presented as mean + sp (standard deviation) or median (quartile1—quartile3) (continuous variables) or number (%) (categorical variables).

* Energy adjusted according to the residual method.

population. A cohort study from China, including 2400
participants, demonstrated that baseline dietary SFA intake
was positively associated with depressive symptoms in middle-
aged women"?. Additionally, a longitudinal study enrolling
adults aged 55-85 years showed that SFA intake was positively
associated with depression in both sexes!. These findings were
consistent with the present results. However, one randomised
crossover study of 37 university students found no significant
difference in depression scores after consuming SFA for four
days", which may be related to the small sample size of the
study. In a population-based prospective cohort study carried

out in Japan and containing 1181 subjects, Matsuoka et al. found
a reduced risk of major depressive disorder in the third quartile
for fish intake, the second quartile for EPA and the third quartile
for DPA in aged Japanese individuals®®. Similarly, a recent meta-
analysis consisting of 31 studies and including 255 076
individuals conducted by Grosso et al. has suggested that
dietary fish or -3 PUFA intake is associated with a lower risk of
depression®®. In addition, a cross-sectional study including 453
men and 400 women conducted by Panagiotakos et al. in Attica
has showed that dietary PUFA and MUFA intake were inversely

associated with depression risk score®”. However, similar
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Table 2. Diet intake characteristics of study patients.

Tertiles of energy-adjusted total fatty acids intake”

All patients T1 T2 T3
quartile1— quartile1— quartile1— quartile1—
Characteristics Median quartile3 Median quartile3 Median quartile3 Median quartile3
Range (g/d) <2473 24.73— > 3163
31.63
Total energy intake 1434.05 1138-52-1803-49 1533.56 1281.67-1923-51 128252  994.29-1548-6 1483-94 1148.53-1892.04
(kcal/d)

Total fat™ (g/d) 43.91 37-72-49.29 35.87 31-38-40-90 43-63 39-75-47-46 49.87 46-19-55-30
Total FA™ (g/d) 28-38 23-12-34.07 20-98 17.36-23-11 28.37 26-93-29-56 36-21 34.05-40-30
Total SFA” (g/d) 11.72 9:17-14.24 8:34 6:74-9-25 11.81 10-76-12.75 15-48 14.01-18-01
Total UFA™ (g/d) 16:15 13.60-19-20 12.22 10-08-13.75 16-18 15.12-16-99 20-48 18.79-23-13
Total MUFA™ (g/d) 11.25 9:11-1345 827 6:65-9-18 11-24 10-57-11.93 1458 13-39-16-22
Total PUFA” (g/d) 4.71 3.91-5.61 393 3.12-4.-68 4.72 4.13-5.25 5.50 4.71-6-76
Total n-3 fatty acids” (g/d) 0-60 0-48-0-74 0-51 0-41-0-63 0-60 0-51-0-73 0-71 0-56—0-86

a-Linolenic acid™ (g/d) 0-52 0-42-0-66 0-44 0-35-0-55 0-53 0-46-0-62 0-62 0-49-0-78

EPA’" (g/d) 0-03 0-02-0-05 0-02 0-01-0-05 0-03 0-02—0-05 0-04 0-02—0-06

DPA’ (g/d) 0-02 0-01-0-04 0-02 0-009-0-04 0-03 0-01-0-05 0-03 0-01-0-05

DHA’ (g/d) 0-004 0-002-0-007 0-003 0-002-0-006 0-005 0-002-0-007 0-004 0-002-0-008
Total n-6 fatty acids” (g/d) 394 3.27-4.78 329 2.51-3.97 396 3-47-4.47 4-63 3-91-5.92

Linoleic acid” (g/d) 391 3:24-4.74 327 2.50-3-95 393 3-44—4.45 459 3-86-5-87

Arachidonic acid” (g/d) 0-03 0-02-0-04 0-02 0-01-0-03 0-03 0-02-0-03 0-03 0-02—0-04
Fish and seafood” (g/d) 2181 12.64-38.73 19.23 9.79-30-12 23-61 16-32-40-70 2213 12:12-41.75

Abbreviations: DPA: docosapentaenoic acids; DHA: docosahexaenoic acids; EPA: eicosapentaenoic acids; FA, fatty acids; MUFA: monounsaturated fatty acids; PUFA:

polyunsaturated fatty acids; SFA: saturated fatty acids; UFA: unsaturated fatty acids.
Data presented as median (quartile1—quartile3) (continuous variables).
* Energy adjusted according to the residual method.

results were not observed in the present study patients, which
might be attributed to study’s small sample size and the fact thata
sufficiently long observation period was not utilised.

Subgroup analyses revealed that dietary total FA, SFA and
UFA were positively associated with depression prevalence for
patients over 60 years old, although no significant interaction
was observed (Piyeraction > 0:05), which might be limited by
small sample size. Several previous studies also indicated that
the increased prevalence of depressed mood over the last
decades has been associated with an excessive consumption of
saturated fats in the elderly people®®*”. This may be due to the
weakened gastrointestinal function and decreased richness of
the microbiota in elderly people, which can easily lead to brain-
gut axis disorders“?. According to Carabotti et al.“? there is a
bidirectional and reciprocal communication between the
nervous system and gut microbiota. The age-associated decline
of the immune system accompanied by chronic low-grade
inflammation?’ seems to have a close relationship with both
structure and composition of the gut microbiota®?. Given that
depression and age-related neurodegenerative illnesses are
linked to inflammation™? it follows that age-related depression
affects the makeup of the gut microbiota. It is interesting to note
that a relationship between gut microbiota and hippocampus
neurogenesis has been found by Ogbonnaya and colleagues™>.

The nonlinear relationship between variables and outcomes
was analysed using RCS, which is a widely used method. RCS is
essentially a polynomial, but it is usually necessary to have
continuous points and second-order derivatives to guarantee the
curve’s smoothness. In the current study, the results of RCS analysis
showed that there is a positive association between the SFA intake
and depression prevalence. It is worth emphasising that when the

intake of SFA is 16 g/d, HD patients have the highest prevalence of
depression. Therefore, it is very necessary to control the SFA in a
certain range, and our results may provide new ideas for health
policymakers to prevent depression in HD patients.

Mechanically, several studies have shown that dietary SFA
can influence the brain’s neurochemistry and function%'#_ 1t is
worth noting that SFA has been shown to damage many brain
circuits related to emotion regulation, such as those involved in
neuroinflammation and feeding behaviour. For example,
there is evidence that SFA can induce neuroinflammation by
stimulating the release of proinflammatory cytokines and
inducing apoptosis of astrocytes (supporting cells of the central
nervous system)“®. Several studies into the chemical processes
by which SFA affect emotional behaviour in rodents have shown
that consuming these fats can decrease the action of the brain’s
dopamine system™®*®_ Additionally, eating a diet that is
relatively heavy in fat (21 per cent of energies from fat, with
about 62 % of that coming from SFA) decreased the levels of
brain-derived neurotrophic factor (BDNF) in rodents"®.
Conversely, in a placebo-controlled study, plasma BDNF levels
were increased by EPA plus DHA dietary supplementation in
first-episode psychotic patients®. This is significant because
antidepressant therapy has increased BDNF levels and reduced
depressive symptoms, whereas decreased BDNF levels in the
human brain have been linked to depression®?.

There are several strengths in the present study. To the best of
our knowledge, this is the first exploration of the association
between dietary FA intake and depressive symptoms in a cohort
of MHD patients, which provides certain insights for follow-up
research. Second, a validated FFQ was used to assess dietary
information via face-to-face interviews, which provided reliable
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Table 3. Adjusted odds ratio (OR) and 95 % confidence interval (Cl) for the association between dietary fatty acids intake” and the prevalence of depressive

symptoms.
Model 11 Model 2% Model 3%
Variables PHQ-9 <5 (n=419) PHQ-9 >5 (n=263) OR 95 % Cl OR 95% ClI OR 95 % ClI
Fatty acids from all sources
Total FA (g/d)
T1 (< 11-52) 147 80 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (11-52 to < 16-86) 139 88 117 0-80-1-72 1.29 0-83-2-01 1.27 0-81-2.-01
T3 (> 16-86) 133 95 1.28 0-87-1.87 1.60 1.04-2.47 1.59 1.04-2.46
P for trend 0-21 0-03 0-03
Per 1-sD increase 109 0-93-1.27 1.16 0-98-1-38 1-16 0-98-1-39
Total SFA (g/d)
T1 (< 3-64) 150 77 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (3-64 to < 5-93) 138 89 1.26 0-86-1-86 1.36 0-88-2-13 1.35 0-86-2-14
T3 (= 593) 131 97 1.40 0-96—2-05 1.84 1.19-2.85 1.83 1.19-2.84
P for trend 0-09 <0-01 <0-01
Per 1-sD increase 1.08 0-93-1-26 1.20 1.01-1-42 1-20 1.01-1.43
Total UFA (g/d)
T1 (< 7-68) 149 78 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (768 to < 11-20) 136 91 1.34 0-91-1.97 1.48 0-95-2-30 1.47 0-94-2-30
T3 (> 11-20) 134 94 1.32 0-90-1-94 1.49 0-96—2-30 1.48 0-96—2-30
P for trend 016 0-08 0-09
Per 1-sD increase 1.08 0-92-1-26 110 0-93-1-32 1-10 0-93-1-32
Unsaturated fatty acid
Total MUFA (g/d)
T1 (< 2:57) 145 82 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (2-57 to < 4-48) 139 88 114 0-77-1-67 1.35 0-87-2-10 1.34 0-86—2-09
T3 (> 4-48) 135 93 119 0-82-1-75 1.45 0-94-2-23 1.44 0.94-2.22
P for trend 0-37 0-10 0-11
Per 1-sD increase 1.07 0-91-1-25 112 0-94-1-33 112 0-94-1-33
Total PUFA (g/d)
T1 (< 1-00) 147 80 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-00 to < 1-87) 140 87 112 0-76—1-65 1.21 0-79-1.-88 1-20 0-77-1-87
T3 (> 1-87) 132 96 1.34 0-92-1.97 1-39 0-90-2-15 1-38 0-89-2-14
P for trend 013 0-14 0-15
Per 1-sD increase 1.07 0-92-1-25 1.03 0-86—1-23 1.03 0-85-1-23
n-3 fatty acids
Total n-3 FAs (g/d)
T1 (< 1-81) 140 87 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-81 to < 4-07) 144 83 0-94 0-64—-1-38 1.02 0-66—1-56 1-00 0-65-1-55
T3 (> 4-07) 135 93 1.09 0-75-1-60 117 0-77-1-79 117 0-76-1.79
P for trend 0-62 0-45 0-46
Per 1-sD increase 1.04 0-89-1-21 1.02 0-86—1-22 1.02 0-86-1-22
a-Linolenic acid (g/d)
T1 (< 1-81) 147 80 1.00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-81 to < 4-07) 131 96 1.34 0-91-1-96 1.36 0-89-2-10 1-36 0-88-2-11
T3 (> 4-07) 141 87 113 0-77-1-65 117 0-76—1-81 117 0-76-1-81
P for trend 0-62 0-55 0-56
Per 1-sD increase 1.04 0-89-1-21 1.01 0-85-1-20 1.01 0-85-1-21
EPA (g/d)
T1 (< 0-50) 145 82 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (0-50 to < 1-13) 140 87 113 0-77-1-65 1.26 0-81-1-94 1.24 0-80-1-94
T3 (> 1-13) 134 94 1.22 0-83-1-79 1.28 0-83-1-97 1.28 0-83-1-96
P for trend 0-33 0-32 0-32
Per 1-sD increase 1.03 0-88-1-20 1.05 0-88-1-24 1.05 0-88-1-24
DHA (g/d)
T1 (< 1-26) 149 78 1.00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-26 to < 2-96) 135 92 1-30 0-89-1-91 1-39 0-90-2-16 1.38 0-88-2-18
T3 (> 2-96) 135 93 1.28 0-87-1-88 1.28 0-83-1-97 1.27 0-82-1.97
P for trend 0-31 0-41 0-42
Per 1-sD increase 1.00 0-86-1-17 1.03 0-87-1-22 1.03 0-87-1-22
DPA (g/d)
T1 (< 1-26) 145 82 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-26 to < 2-96) 136 91 1.18 0-81-1.73 1.28 0-82—2-01 1.27 0-81-2-00
T3 (> 2-96) 138 90 113 0-77-1-66 1.23 0-80-1-89 1.23 0-80-1-89
P for trend 0-60 043 0-44
Per 1-sD increase 0-99 0-84-1-16 1.02 0-86—1-21 1.03 0-86-1-21
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Table 3. (Continued)
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Model 11 Model 2% Model 3%
Variables PHQ-9 <5 (n=419) PHQ-9 >5 (n=263) OR 95 % Cl OR 95 % CI OR 95 % Cl
n-6 fatty acids
Total n-6 FAs (g/d)
T1 (< 1-26) 148 79 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-26 to < 2:96) 139 88 115 0-78-1-70 1.29 0-84-2.01 1.29 0-82-2.02
T3 (> 2-96) 132 96 1.38 0-94-2-03 1-43 0-92-2-21 1-42 0.92-2-21
P for trend 0-10 0-12 013
Per 1-sD increase 1.07 0-92-1-25 1.02 0-85-1-22 1.02 0-85-1-22
Linoleic acid (g/d)
T1 (< 1-26) 147 80 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-26 to < 2:96) 140 87 110 0-75-1-62 1.25 0-81-1-93 1.23 0-79-1.94
T3 (> 2-96) 132 96 1.35 0-92-1-98 1-41 0-91-2-18 1-40 0-90-2-17
P for trend 0-12 013 0-14
Per 1-sD increase 1.07 0-92-1-25 1.02 0-85-1-22 1.02 0-85-1-22
Arachidonic acid (g/d)
T1 (< 1-26) 142 85 1-00 (Ref) 1-00 (Ref) 1-00 (Ref)
T2 (1-26 to < 2:96) 141 86 1.02 0-69-1-49 1.06 0-69-1-64 1.05 0-67-1-62
T3 (> 2-96) 136 92 1-11 0-76-1-63 1.25 0-81-1-91 1.25 0-81-1-91
P for trend 0-58 0-30 0-30
Per 1-sD increase 1.002 0-999-1-005 1.05 0-88-1-24 1.05 0-88-1-24

Abbreviations: Cl, confidence interval; OR, odds ratio; SD, standard deviation; T, tertiles; Ref, reference; DPA: docosapentaenoic acids; DHA: docosahexaenoic acids; EPA:
eicosapentaenoic acids; FA, fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids; UFA: unsaturated fatty acids; PHQ-9:

Patient Health Questionnaire-9.
* Energy adjusted according to the residual method.
1 Model 1: adjusted for gender, age and time on dialysis.

1 Model 2: adjusted for gender, age, time on dialysis, BMI, physical activity, smoking status, drinking consumption, education level, marital status, anxiety state and co-morbidities.
§ Model 3: adjusted for gender, age, time on dialysis, BMI, physical activity, smoking status, drinking consumption, education level, marital status, anxiety state, co-morbidities and total

energy intake.
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Fig. 2. The dose—response curve of the relationship between (a) total fatty acids, (b) total saturated fatty acids and (c) total unsaturated fatty acids intake and depressive
symptoms. The dark blue line and shaded area represent the estimated OR and 95 % CI.

estimates of dietary FA consumption. Third, a wide array of
exposures of interest was considered, including total #-3 and
total 7-6 FA, while stratifying the analysis by age, gender,
diabetes status, CVD status, BMI and dialysis age. Fourth, some
known and suspected potential confounding factors have been
adjusted for in the analyses. The present study also had some
limitations. First, the study had a cross-sectional design, so it was
impossible to demonstrate the causal relationship between
dietary FA intake and depression prevalence. Thus, future
prospective studies need to confirm the present findings.
Second, FFQ was used to evaluate dietary FA intake and other

dietary factors and covariates at a single time point, which
unavoidably resulted in misclassification. Third, the effect of the
cooking method on dietary FA was not considered. However, no
studies have distinguished dietary FA consumption in relation to
the food preparation method. Therefore, future research should
concentrate on whether the association with dietary FA
consumption may be affected by the cooking techniques.
Fourth, because of the limitations in the original data, although
several potential confounding variables were adjusted for in the
multivariable model, the effect of unmeasured or residual
confounding (residual kidney function, e.g.) could not be
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Fig. 3. The dose—response curve of the relationship between (a) total MUFA, (b) total PUFA, (c) total n-3 fatty acids and (d) total n-6 fatty acids intake and depressive
symptoms. The dark blue line and shaded area represent the estimated OR and 95 % CI.

controlled. Fifth, due to differences in patient compliance and
the degree of emphasis placed on dietary nutrition by attending
physicians for HD patients, patients enrolled in this study were
from a single dialysis centre, thus their representability was
weak. As a result, the findings may not be generalisable to the
overall HD population, and further verification is needed with
additional studies in the future. Sixth, we did not assay blood
samples for FA composition, which may not accurately
determine the intake of dietary FA in these patients. The
collection of dietary information only depended on the
participants’ memories, which might lead to recall bias.

In addition, memory may be affected by depression, which
might result in a potentially differential assessment error. Finally,
due to the limited number of patients, the sample size was
relatively small, which could have led to some analyses being
underpowered.

Conclusion

Higher intake of total FA and SFA was associated with increased
prevalence of depressive symptoms in Chinese MHD patients.
However, statistically significant associations between other
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types of FA and depressive symptoms were not observed. Future
randomised controlled trials assessing the impact of dietary FA
on health outcomes should be conducted to examine their long-
term effects on depression.
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