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Abstract

The association between added sugars or sugar-sweetened beverage consumption and the risk of depression, as well as the role
of carbohydrate quality in depression risk, remains unclear. Among 15546 Spanish university graduates from the Seguimiento Universidad
de Navarra (SUN) prospective cohort study, diet was assessed with a validated 136-item semi-quantitative FFQ at baseline and at 10-year
follow-up. Cumulative average consumption of added sugars, sweetened drinks and an overall carbohydrate quality index (CQD were
calculated. A better CQI was associated with higher whole-grain consumption and fibre intake and lower glycaemic index and consumption of
solid (instead of liquid) carbohydrates. Clinical diagnoses of depression during follow-up were classified as incident cases. Multivariable time-
dependent Cox regression models were used to estimate hazard ratios (HR) of depression according to consumption of added sugars,
sweetened drinks and CQI. We observed 769 incident cases of depression. Participants in the highest quartile of added sugars consumption
showed a significant increment in the risk of depression (HR = 1-35; 95 % CI 1-09, 1-67, P=0-034), whereas those in the highest quartile of CQI
(upper quartile of the CQD showed a relative risk reduction of 30 % compared with those in the lowest quartile of the CQI (HR =0-70; 95 % CI
0-56, 0-88). No significant association between sugar-sweetened beverage consumption and depression risk was found. Higher added sugars
and lower quality of carbohydrate consumption were associated with depression risk in the SUN Cohort. Further studies are necessary to
confirm the reported results.
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Depression is one of the leading global causes of disability-
adjusted life years and the main cause in middle- and high-
income countries’"?. In the past years, several epidemiological
studies have analysed the role of dietary patterns, foods, food
groups and nutrients in the prevention of depression. Although
evidence is still scarce, this is an emerging and promising field
of research within nutritional epidemiology®.

Consumption of processed and sugary foods and beverages
has exponentially increased worldwide, being in part responsible

for the obesity and childhood obesity epidemic, and other
non-communicable diseases such as type 2 diabetes mellitus and
CHD™. Over the past few years, several prospective studies have
observed an association between metabolic disturbances and
inflammation with depression risk. Obesity has been found to
be associated with elevated cortisol secretion and higher
hypothalamic—pituitary—adrenal (HPA) axis reactivity to psycho-
logical and physiological stress, which may lead to altered
endocrine and stress responses”™. Moreover, a bidirectional

Abbreviations: CQI, carbohydrate quality index; GI, glycaemic index; GL, glycaemic load; HR, hazard ratio; MDS, Mediterranean Diet Score; SUN, Seguimiento

Universidad de Navarra.
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relationship between obesity and depression cannot be ruled
out'®, as risk factors for obesity may be also associated with the
development of depressive disorders. In this context, a link
between diets rich in sugars — as well as sweetened beverages —
and depression has been hypothesised. Several cross-sectional
studies have analysed the association between the consumption
of these products and depressive symptoms or perceived stress.
For example, depressive symptoms were positively associated
with the consumption of high-energy sweets in the study by
Jeftery et al”. Mikolajczyk et al® also found a positive asso-
ciation between fast food, snacks and sweet consumption and
depressive symptoms and perceived stress among female
students. Moreover, a prospective analysis within the National
Institutes of Health—-American Association of Retired Persons
(NIH-AARP) Diet and Health Study observed a positive asso-
ciation between soft and fruit drinks consumption and the risk of
depression“)). Finally, the Whitehall II cohort study has recently
reported a positive association between a very high intake of
sugar from sweet food/beverage and the risk of common mental
disorders in males, but not in females“?.

However, the type, amount and quality of carbohydrates and
sugary products and their association with the risk of depres-
sion has not been sufficiently studied. Therefore, the aim of this
study was to assess the association between carbohydrate
quality (measured using a carbohydrate quality index (CQD),
added sugars and sweetened drinks consumption with the risk
of depression in the Seguimiento Universidad de Navarra (SUN)
prospective cohort study (40-6% males; mean age 37-2 years)
after a median follow-up of 10-3 years.

Methods
Study population

The SUN Project is a prospective, dynamic cohort study, initi-
ated in December 1999 in Spain. The sample is composed of
Spanish university graduates. Its methods have been previously
described V. Information is gathered biennially by mailed or by
Web-based questionnaires. The overall retention in the cohort
approaches 90 %.

Up to December 2016, 22564 participants had completed the
baseline questionnaire of the SUN Project. Participants who were
lost to follow-up, who had not completed at least one follow-up
questionnaire, who were outside of predefined limits for baseline
total energy intake (<3347kJ/d (<800kcal/d) or more than
16736 kJ/d (4000 kcal/d) in men, and <2092 kJ/d (<500 kcal/d) or
more than 14644k]J/d (3500kcal/d) in women) and participants
with a prevalence of diabetes at baseline were excluded from the
analyses. We also excluded those participants who were users of
antidepressant medication or had reported a present or previous
history of clinical diagnosis of depression (lifetime depression) at
baseline and those with a depression diagnosis in the first 2 years of
follow-up. Moreover, participants who reported the use of anti-
depressants during the follow-up but without a physician diagnosis
of depression and participants with diabetes diagnosis during the
follow-up and before the 10-year dietary assessment were not
considered in the final analysis. Finally, 15546 participants were
included in the prospective analyses for the present study (Fig. D).
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The study was approved by the Institutional Review Board of
the University of Navarra. Written informed consent was not
requested from the participants. Voluntary completion of the
first questionnaire was considered to imply informed consent.

Exposure assessment

Dietary intake was assessed at baseline (Q_0) and after 10 years
of follow-up (Q_10) with a 136-item, validated,
quantitative FFQ121%.

Nutrient intakes were calculated as frequency multiplied by
nutrient composition of specified portion size for each food item
using an ad hoc computer program specifically developed for this
aim. A trained dietitian updated the nutrient database using the
latest available information included in food composition tables for
Spain™1®. Several food items such as yogurts (except natural
yogurt), milkshakes, ice-creams and other dairies, cookies, muffins,
pastries, chocolates and other candies and commercial bakeries,
canned fruits, jam, honey, sugar-sweetened carbonated drinks and
juices were considered to assess added sugars consumption.

The FFQ also included a question regarding sweetened drink
consumption in the previous year. We considered sugar-
sweetened carbonated colas and fruit-flavoured carbonated
sugar soft drinks as sweetened drinks.

The consumption of added sugars and sugar-sweetened
drinks was adjusted for total energy intake using the residual
method® and quartiles were built.

The CQI'” was calculated considering the following four
criteria: the glycaemic index (GI) (negatively weighted); total
dietary fibre intake (g/d); the ratio of solid carbohydrates:total
(solid +liquid) carbohydrates; and finally the ratio of carbo-
hydrates from whole grains:carbohydrates from total grains (whole
grains+ refined grains+ products prepared with refined flours).
Liquid carbohydrates were calculated by summing up sugar-
sweetened beverage and fruit juice consumption (four items),
whereas solid carbohydrates corresponded to the carbohydrate
content of the rest of the food with any carbohydrate content.

With the exception for the ratio of carbohydrates from whole
grains:carbohydrates from total grains that was categorised into
tertiles, the rest of the items were grouped into five categories
(quintiles). The total score potential range was then from 4 to 18,
with higher values meaning better quality of carbohydrates. This
total score was categorised into quartiles for the analyses.

Moreover, we also calculated quartiles of intake of each
of the four components of the score separately (fibre, GI, ratio
of solid:itotal carbohydrates and  whole-grain:total-grain
carbohydrate ratio in this last case analysed as tertiles of intake).

Finally, added sugars, sugar-sweetened drinks and the CQI
and its components were also treated as continuous variables.
z Scores were calculated for the seven exposure variables. Each
z score was calculated as the exposure variable value minus the
mean value for the exposure variable divided by standard
deviation of the exposure variable.

To minimise any effect of variation in diet, we calculated the
average cumulative consumption of added sugars, sweetened
drinks and the CQI and their individual items by using baseline
values and updated exposures with dietary data collected after
10 years of follow-up.

semi-
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(December 2016)

n 22564 participants responded to the baseline questionnaire

\ 4

A 4

n 20289 participants

n 2275 lost to follow-up (they did not respond to
the follow up questionnaires) or without follow-up

(less than 2 years in the study)

A 4

A 4

n 1910 with energy intakes out of
predefined values

n 18379 participants

A 4

n 351 with prevalent diabetes at baseline

A 4

n 18028 participants

n 2072 with prevalent depression or use

of antidepressants at baseline

\ 4

n 15956 participants

A 4

\ 4

n 15626 participants

depression or not meeting depression diagnosis

n 330 without date of diagnosis of incidence

criteria at follow-up (only antidepressant use
without medical diagnosis)

\ 4

n 48 participants with diagnosis of depression
before 2 years of follow-up (early cases)

Baseline analysis
n 15578 participants

Updated analysis
n 15546 participants

A 4

n 32 with diabetes diagnosis during the follow-
up an before the 10-year dietary assessment

Fig. 1. Flow chart of participants. The Seguimiento Universidad de Navarra (SUN) Project.

Outcome assessment

Incident cases of depression were defined as participants who
positively responded to the following question ‘Have you ever
been diagnosed of depression by a medical doctor? in any of
the biennial follow-up questionnaires from the fourth year of
follow-up (Q_4-Q_16). We excluded those participants with a

depression diagnosis before the first 2 years of follow-up from
the analyses to avoid a possible reverse causality bias. It is
possible that participants with subclinical depression at the
beginning of our study might have changed their food habits
precisely because of their mood disorder.

We did not consider antidepressant use during follow-up as a
criterion to define incident depression (although the prescription
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of antidepressants for conditions other than depression is highly
unusual in Spain). Therefore, we excluded from the analyses all
the participants reporting the use of antidepressants during the
follow-up who did not report any medical diagnosis of incident
depression.

A self-reported physician-provided diagnosis of depression has
demonstrated acceptable validity in a subsample of our cohort
using the Structured Clinical Interview for DSM-IV as ‘gold
standard’ applied by experienced psychiatrists blinded to the
answers of the questionnaires’®. The percentage of confirmed
depression was 74-2% (95% CI 63-3, 85-1). The percentage of
confirmed non-depression was 81-1% (95% CI 69-1, 92-9).

Other variables assessment

Information about socio-demographic (e.g. sex, age, marital
status and employment status) and lifestyle-related variables
(e.g. smoking status, physical activity, special diets) were
obtained from the Q_0. Smoking status was updated after eight
years of follow-up (Q_8).

Physical activity was assessed using a validated physical
activity questionnaire with data about seventeen activities"'”.
Leisure-time activities were computed by assigning a metabolic
equivalent score to each activity, multiplied by the time spent
for each activity and summing up all activities.

BMI was calculated as weight (kg) divided by the square of
height (m?) using data collected at baseline and after 10 years of
follow-up (Q_10).

The prevalence and history of CVD, cancer, obesity,
dyslipidaemia, hypertension and type 2 diabetes mellitus was
ascertained at baseline and updated until the end of follow-up or
until depression diagnosis was reported. CVD included myocardial
infarction, stroke, atrial fibrillation, paroxysmal tachycardia, coronary
artery bypass grafting or other re-vascularisation procedures, heart
failure, aortic aneurism, pulmonary embolism or peripheral venous
thrombosis. All the diagnoses were based on participants’ self-
reporting. The validity of self-reported obesity, dyslipidaemia and
hypertension diagnoses has been assessed in different subsamples
of the cohort® 2. Self-reported cardiovascular events, cancer and
diabetes have been confirmed by medical record review.

Participants with prevalent diabetes mellitus at baseline and
with a diabetes diagnosis during the follow-up and before the
10-year dietary assessment were excluded from the main ana-
lysis but they were included in a subsequent sensitivity analysis.

Energy intake, percentage of energy from fats, proteins and
carbohydrates, consumption of fast food and commercial baked
goods, and the adherence to the Mediterranean diet (according
to the Mediterranean Diet Score (MDS) proposed by Tricho-
poulou®) were also calculated at baseline and after 10 years of
follow-up through the FFQ.

Statistical methods

Pearson’s correlation coefficients (correlation matrix) between
each carbohydrate index components combination were cal-
culated as it is possible that some of the components may be
highly correlated.

For each participant, we computed person-years of follow-up
from the date of returning the Q_0 to the date of depression

A. Sanchez-Villegas et al.

diagnosis or the date of returning the last follow-up ques-
tionnaire, whichever came first.

Time-dependent Cox proportional-hazards regression models
were fitted to assess the relationship between the energy-
adjusted added sugars and sweetened drink consumption and
the CQI and the items used to its construction and the incidence
of depression during follow-up. Hazard ratios (HR) and their
95% CI were calculated considering the lowest quartile as the
reference category. To control for potential confounding factors,
we conducted both minimally adjusted models adjusting only
for sex and age, and multivariable-adjusted models adjusting
for sex, BMI (kg/m? continuous), smoking (non-smoker,
ex-smoker, current smoker, missing), physical activity during
leisure time (METs/h-w), total energy intake (kJ/d (kcal/d),
continuous), adherence to the MDS (0-9, continuous), the
presence of several diseases (CVD, hypertension and dyslipi-
daemia) and year of recruitment (five categories). Age (analysed
as deciles of age) was introduced as the underlying time variable
and also as a stratifying factor.

To increase accuracy, energy intake and BMI were updated
with the information obtained after 10 years of follow-up and
smoking with information obtained after 8 years of follow-up.
The prevalence of diseases (CVD, hypertension and dyslipi-
daemia) was updated using the information contained in any
of the follow-up questionnaires. Participants who reported a
diagnosis of diabetes after recruitment and before the 10-year
assessment of dietary habits (72 32) were also excluded.

Other confounding factors such as the percentage of energy
from fats or proteins in the diet, the consumption of fast food or
commercial baked products, the use of special diets, marital
status, employment status or prevalence of cancer were also
explored but not included in the final models because their
inclusion in the regression models did not substantially change
the reported associations.

Tests of linear trend across increasing quartiles of exposures
were conducted by assigning the medians to each quartile and
treating them as continuous variables.

Time-dependent multivariable-adjusted Cox proportional-
hazards regression models were also fitted to assess the asso-
ciation between each exposure z score and depression risk.

To test for interaction by the prevalence of obesity or dia-
betes and the adherence to the MDS, we used likelihood ratio
tests to compare models with and without the interaction
product-term.

Several sensitivity analyses were conducted. We repeated all
of the analyses including participants with diabetes at baseline.
In addition, for the CQI analysis, we recalculated the index
eliminating the ratio of carbohydrates from whole grains to
carbohydrates from total grains (CQI-2) because of the low
variability observed among the participants regarding whole-
grains consumption, which is very unusual in Spain.

Finally, the potential non-parametrical non-linear association
between the cumulative average CQI and CQI-2 and incident
depression was calculated with restricted cubic splines”®?. Tests
for non-linearity used the likelihood ratio test, comparing the
model with only the linear term to the model with the linear and
the cubic spline terms. We did not perform any kind of trun-
cation of the data. The knots placements were 7, 11 and 14 for
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CQI and 6, 9 and 12 for CQI-2. The results were adjusted for the
same potential confounding factors as the main Cox regression
analysis.

All P values were two-tailed, and P<0.05 was considered
significant. Statistical analysis was performed using Stata version
12.0 (StataCorp).

Results

We recorded 769 incident cases of depression among 152931
person-years of follow-up.

Table 1 shows the distribution of socio-demographic and
lifestyle characteristics of the sample at baseline according to
quartiles of consumption of added sugars and sweetened drinks
and the CQI.

Participants with higher consumption of added sugars and
sweetened drinks (fourth quartile) were more likely to be
younger, male and showed a lower prevalence of CVD and
cancer.

Participants in the highest quartile of the CQI were more
likely to be women, older and physically more active, to use
special diets and showed a higher prevalence of CVD, hyper-
tension or dyslipidaemia. Moreover, they consumed less
alcohol and more energy than participants in the lowest quartile.

The distribution of the incidence of depression according to
the main baseline characteristics of the participants is shown in
the online Supplementary Table S1. Incidence of depression was
higher among females, unemployed subjects, current smokers
and among those participants with low adherence to the MDS.

The association between the cumulative average consump-
tion of energy-adjusted added sugars, sweetened drinks and the
CQI and depression risk is shown in Table 2. The highest
consumption of added sugars was associated with a higher risk
of developing depression during the follow-up. In fact, parti-
cipants in the upper quartiles of added sugars consumption
showed a significant increment in the risk of depression (HR for
the third quartile in the multivariable-adjusted model=1-29;
95% CI 1-04,1-59; HR for the highest quartile=1-35; 95% CI
1-09, 1-67). In addition, a significant dose-response relationship
was found (P=0-034). However, when the results were adjus-
ted for protein intake (%E), the association was attenuated and
no longer significant for the highest intake. The HR and 95 % CI
for the second, third and fourth quartiles were 1-20 (95% CI
0-97, 1-49), 1:31 (95% CI 1-06, 1-49) and 1-19 (95% CI 0-96,
1-47), respectively.

In the analysis of the CQI, an inverse relationship was
observed when average cumulative dietary consumption was
analysed. Participants with the highest quality in carbohydrate
intake showed a relative risk reduction of 30% as compared
with those with the lowest CQI (HR in multivariable-adjusted
model =0-70; 95% CI 0-55, 0-88).

The relationship between the baseline consumption of energy-
adjusted added sugars, sugar-sweetened drinks and the CQI and
depression risk is shown in the Supplementary Table S2. We did
not find any significant association using as exposure the baseline
assessments. The HR for the highest ». the lowest quartile of
baseline added sugars consumption and depression risk was 1-22
(95% CI 098, 1-50).
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None of the four singular criteria considered to build the CQI
was significantly associated with depression risk, but their sum
was. Although significant, the magnitude of the correlation
coefficients between the different components of the CQI was
low (<0-30 for all the possible comparisons with the exception of
the GI and the ratio of solid:total carbohydrates, which showed a
medium correlation) (online Supplementary Table S3). Thus, it is
unlikely that collinearity could explain the reported results.

We did not find any significant effect modification (inter
action) by the prevalence of obesity or diabetes in the begin-
ning of the study, nor for the adherence to the MDS.

Several sensitivity analyses are shown in Table 3. The results did
not change after including participants with diabetes at baseline.
On the other hand, when the CQI was re-built eliminating the item
‘ratio of carbohydrates from whole grains:carbohydrates from total
grains’ the association was strengthened (HR for the highest v. the
lowest quartile =0-62; 95% CI 0-48, 0-80).

Finally, to account for non-linear associations, we used
restricted cubic spline analysis. We found a suggestion of
U-shaped associations (Fig. 2), indicating that moderate
adherence to this index of carbohydrate quality should be
responsible for a reduction in the risk of depression (P < 0-001).

Discussion

In this analysis within the SUN cohort, high added sugars and
lower quality of carbohydrate consumption was associated with
an increased risk of depression. We did not find a significant
association for sugar-sweetened beverage consumption in
relation to depression risk.

The number of epidemiological studies that have analysed
the role of added sugars, sugary foods and sweetened beve-
rages in depression development is scarce. Moreover, most of
them have a cross-sectional design and reverse causality cannot
be excluded”®. In other cases, although the results are based
on analytical studies, these studies analysed overall dietary
patterns®”. In a recent case—control study, the highest adher-
ence to an unhealthy dietary pattern that included sweets, soft
drinks and industrial fruit juices was associated also with an
increased risk of depression (OR =3-62; 95% CI 1-59, 8-22)(26).
The Whitehall II prospective cohort also showed that a food
pattern characterised by a high consumption of sweetened
desserts, but also by fried food, processed meat, refined grains
and high-fat dairy products, was associated with higher scores
on the Center for Epidemiologic Studies—Depression scale®”.
In the same cohort, when sugar from sweet food/beverage was
specifically analysed, the authors reported a positive association
with common mental disorders but only among males™?.

In a previous analysis of our cohort, the consumption of
commercial bakery products was also related with a higher risk
of depression®. We observed that participants who consumed
more commercial bakery products had a 40% higher risk of
depression compared with participants who did not consume
these products or who had a very low intake. It might be
hypothesised that the high content of pro-inflammatory trans-
fatty acids in commercial bakery products may increase the risk
of depression. In other analysis within the SUN cohort, trans-
fatty acid intake was positively associated with the risk of
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Table 1. Baseline characteristics according to quartiles (Q) intake of added sugar and sweetened drinks and Carbohydrate Quality Index (CQl) at baseline

(Mean values and standard deviations)

Energy-adjusted added sugars (g/d)

Energy-adjusted sweetened drinks (g/d)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Mean SD Mean sD Mean sD Mean SD P Mean sD Mean sD Mean sD Mean sD P

Age (years) 40-0 127 373 121 36-1 11.8 354 11.3 <0-001 38-6 119 390 127 378 12.6 334 10-3 <0-001
Male (%) 378 378 41-3 45.4 <0-001 11.8 391 59-4 521 <0-001
Unemployed (%) 36 4.2 4.5 39 0-237 41 35 41 44 0-233
Married (%) 57-6 50-3 472 473 <0-001 54.0 559 52.0 407 <0-001
Special diets (%) 89 69 65 6-4 <0-001 78 9.0 69 4.8 <0-001
Smoking status (%) <0-001 <0-001

Ex-smoker 288 24.3 237 210 271 281 24.5 182

Current smoker 25.7 234 237 25-5 21.2 219 23-5 317
Prev. diseases (%)

CVD 34 29 24 24 0-018 26 33 35 18 <0-001

Cancer 37 33 3.0 28 0-097 4.5 36 2:6 20 <0-001

Hypertension 85 6-2 6-1 5.6 <0-001 4.8 77 8-8 5-0 <0-001

Dyslipidaemia 19.0 16-8 179 17.0 0-056 15.2 198 20-6 151 <0-001
BMI (kg/m?) 23-8 37 234 34 23-3 33 234 34 <0-001 226 30 235 36 241 35 237 35 <0-001
Physical activity (METs-h/week) 222 23-3 221 224 22.0 23.0 225 235 07917 22-3 22.7 221 229 225 234 21- 232 0-5746
Energy intake (kJ/d) 10330 2443 9372 2540 9414 2548 10640 2590 <0-001 10837 2239 9381 2439 8828 2443 10343 2653 <0-001
Energy intake (kcal/d) 2469 584 2240 607 2250 609 2453 619 2590 535 2242 583 2110 584 2472 634  <0-001
Alcohol intake (g/d) 85 132 64 89 6:0 84 58 84 <0-001 57 10-0 6-6 107 67 92 77 10-0 <0-001
Carbohydrate intake (%E) 413 80 423 72 435 67 46-0 65 <0-001 441 75 432 76 425 72 43-2 6-9 <0-001
Protein intake (%E) 187 34 188 32 180 30 170 31 <0-001 18-0 32 185 35 185 33 174 2.9 <0-001
Fat intake (%E) 375 72 369 65 36-6 6-1 35-3 6:0 <0-001 36-3 68 362 68 367 64 371 6-1 <0-001
MDS (0-9) 4.9 1.7 4.3 1.7 4.0 1.7 3.7 16 <0-001 4.7 1.7 4.4 1.7 4.0 1.7 39 1.7 <0-001
Energy-adj. fast-food consumption 216 228 229 187 229 185 223 196 0.0115 172 197 200 171 242 184 282 225 <0-001
Energy-adj. commercial baked goods consumption 102 157 135 157 156 183 185 24-1 <0-001 103 197 131 164 162 174 182 211 <0-001

cal
Q1 Q2 Q3 Q4
Mean SD Mean SD Mean SD Mean SD P

Age (years) 355 116 371 11.8 38-0 12.3 397 12.8 <0-001
Male (%) 478 403 359 321 <0-001
Unemployed (%) 4.7 38 38 35 0-028
Married (%) 48-3 50-8 53-1 519 <0-001
Special diets (%) 44 69 84 11-8 <0-001
Smoking status (%) <0-001

Ex-smoker 219 241 25-6 29-0

Current smoker 302 24.2 213 178
Prev. diseases (%)

CVD 24 28 29 35 0-062

Cancer 31 26 36 4.0 0-007

Hypertension 5.9 6-1 7-6 7-4 0-004

Dyslipidaemia 17-3 178 17-3 187 0-464
BMI (kg/m?) 23-6 35 234 34 235 34 233 34 00273
Physical activity (METs-h/week) 201 208 211 209 243 255 259 263 <0-001
Energy intake (kJ/d) 9259 2502 9916 2565 10272 2577 10410 2469  <0-001
Energy intake (kcal/d) 2213 598 2370 613 2455 616 2488 590  <0-001
Alcohol intake (g/d) 75 115 6-6 96 62 91 55 78 <0-001
Carbohydrate intake (%E) 42-4 7-2 43-0 71 43-9 7-5 44-6 7-4 <0-001
Protein intake (%E) 177 33 181 31 184 32 187 33 <0-001
Fat intake (%E) 374 65 369 63 359 66 352 65 <0-001
MDS (0-9) 34 1.5 4.2 16 4.8 16 54 1.5 <0-001
Energy-adj. fast-food consumption 24.3 190 228 195 211 20-4 19-6 21.8 <0:001
Energy-adj. commercial baked goods consumption 166 187 153 195 132 203 10-3  16.0 <0-001
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Table 2. Association between quartiles (Q) of updated intake of added sugars, sweetened drinks, Carbohydrate Quality Index and depression

(Hazard ratios (HR) and 95 % confidence intervals)

Model 1* Model 2t
Median Cases Person-years HR 95% Cl HR 95% ClI

Energy-adjusted added sugars (g/d)

Q1 293 169 36978 1 Ref. 1 Ref.

Q2 458 185 38098 116 0-94, 143 115 0-93, 1-43

Q3 60-0 202 38593 1.29 1.04, 1.59 1.29 1.04, 1-59

Q4 832 213 39263 1-38 112, 1.70 1-35 1.09, 1-67

P for trend 0-019 0-034

Z score 110 1.02, 119 1.09 1.01, 1-18
Energy-adjusted sweetened drinks (g/d)

Q1 1.3 213 37281 1 Ref. 1 Ref.

Q2 155 205 37853 1.15 0-95, 1-40 1.23 1.00, 1-51

Q3 303 163 38525 0-99 079, 1-23 1-04 0-83, 1-32

Q4 95.7 188 39272 1.14 092, 1.42 112 0-90, 1-41

P for trend 0-022 0-090

Z score 1-03 0-95, 1-10 1-00 0-93, 1-09
Carbohydrate Quality Index (4—18)

Q1 8 262 54993 1 Ref. 1 Ref.

Q2 10 208 40419 117 097, 1-41 115 0-87, 1-27

Q3 12 177 34216 0-80 0-66, 0-97 0-81 0-66, 1-00

Q4 15 121 23301 0-66 0-53, 0-83 0-70 0-56, 0-88

P for trend 0-063 0-401

Z score 0-96 0-89, 1.04 1.01 0-92, 1-10
Glycaemic index

Q4 571 184 39512 1 Ref. 1 Ref.

Q3 53-6 193 38383 1.06 0-86, 1-30 1.07 0-88, 1-32

Q2 50-9 198 37891 1.02 0-83, 1-25 1.07 0-87, 1-31

Q1 472 193 37143 1.02 0-83, 1.26 113 0-91, 1-40

P for trend 0-608 0-153

Z score 0-98 091, 1-05 0-96 0-89, 1-04
Fibre intake

Q1 159 200 38625 1 Ref. 1 Ref.

Q2 22.7 192 38622 0-95 078, 1-15 0-92 0-75, 1-14

Q3 292 184 38310 0-83 0-67, 1.02 079 0-62, 1-00

Q4 40-6 192 37372 0-86 0-70, 1-05 079 0-60, 1-05

P for trend 0-242 0-291

Z score 097 0-90, 1.04 0-99 0-90, 1-10
Ratio of solid:total carbohydrates

Q1 079 212 38206 1 Ref. 1 Ref.

Q2 0-86 173 38367 0-83 0-68, 1-02 0-85 0-69, 1-04

Q3 0-90 212 38410 0-99 0-82, 1-20 1.02 0-84, 1-24

Q4 0-95 172 37948 0-83 0-67, 1-01 0-86 0-70, 1-06

P for trend 0-163 0-319

Z score 0-93 0-87, 1-01 0-95 0-87, 1-03
Ratio of whole-grains:total carbohydrates

T 491 99617 1 Ref. 1 Ref.

T2 0 20 4414 0-33 0-22, 0-51 0-34 0-22, 0-51

T3 0-01 258 48901 0-89 0.76, 1-03 0-96 0-82, 1-12

P for trend 015 0-140 0-664

Z score 1.05 098, 1-13 1.08 1.01, 1-16

Ref., referent values; T, tertiles.

* Model 1: cumulative average for each dietary factor intake (at baseline and after 10 years of follow-up). Adjusted for sex. The analyses were stratified by age groups.

1 Model 2: cumulative average for each dietary factor intake (at baseline and after 10 years of follow-up). Adjusted for sex, smoking, BMI, physical activity, energy intake, adherence
to the Mediterranean diet, prevalence of CVD, hypertension or dyslipidaemia and recruitment period. The analyses were stratified by age groups. Energy intake, BMI, smoking
and prevalence of diseases were also updated. Participants with a diagnosis of diabetes during the follow-up and before the 10-year assessment of diet were excluded (n 32).

depression®”. Nevertheless, the presence of sugars and other
carbohydrates in bakery and pastries should also be taken into
account.

Carbohydrate intake has been associated with improvement
in mental performance and stress control through mechanisms
modulating plasma concentrations of tryptophan and of large
neutral amino acids (LNAAY®?. The ability of dietary carbohy-
drates to modify the plasma amino acid pattern and to increase
the uptake of circulating tryptophan into the brain depends on

its ability to promote the secretion of insulin. Insulin has slight
or no effect on plasma tryptophan, but it may decrease plasma
levels of LNAA, which compete with tryptophan for passage
across the blood-brain barrier. This decrease allows more
tryptophan to enter the brain after dietary carbohydrate intake.
Several experimental studies have suggested that a variation
of 50% in the plasma tryptophan:LNAA ratio is sufficient to
change significantly the release of serotonin, as tryptophan is the

most important essential amino acid precursor of serotonin®®.
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Including diabetics*
Energy-adjusted sweetened drinks (g/d)

Including diabeticst

CAQl (range 4-18)

Including diabeticst
CQI-2 (CQl excluding the item ‘ratio of whole-grains:total carbohydrates’

Table 3. Sensitivity analysis — association between quartiles (Q) of updated intake of added sugars, sweetened drinks, Carbohydrate Quality Index (CQl) and depression*t

(Hazard ratios (HR) and 95 % confidence intervals)
1 Repeated measures: cumulative average for each dietary factor intake (at baseline and after 10 years of follow-up). Energy intake, BMI, smoking and prevalence of diseases were also updated.

* Adjusted for sex, smoking, BMI, physical activity, energy intake, prevalence of CVD, hypertension or dyslipidaemia and recruitment period. The analyses were stratified by age groups.
1 Additionally adjusted for diabetes prevalence during the follow-up.

Energy-adjusted added sugars (g/d)

Ref., referent values.

prevalence of diseases were also updated. Participants with a diagnosis of
diabetes during the follow-up and before the 10-year assessment of diet were
excluded (n 32).

However, carbohydrate intake has not been associated with
depression in the few small cross-sectional epidemiological
studies that have analysed this hypothesis(‘%z’%). To our knowl-
edge, there are no longitudinal studies that have previously
analysed this association.

Among the different types of carbohydrates, overconsumption
of fructose has raised as an important public health issue.
Fructose-containing added sugars are a focus of attention for
public health policies because several studies points out towards
an increase in the risk of diabetes, metabolic syndrome, obesity or
G although this effect might be
attributed to liquid sources such as sweetened beverages™. In
fact, consumption of added sugars from liquid but not solid
sources has been related with several metabolic disturbances
such as impaired glucose homoeostasis and insulin resistance®®.

On the other hand, few studies have assessed the association
between fructose consumption and depression risk. Only some
animal studies have been carried out in which fructose ingestion
has been related with a stimulation of the HPA axis leading to

CVD associated with their use
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elevations in glucocorticoids. In the study by Harrell et al.,
the rats fed a high-fructose diet during their periadolescence
showed behavioural and hormonal responses with increased
depressive-like behaviour and elevated basal corticosterone
concentration in adulthood as compared with their chow-fed
peers®”.

Other characteristics related to the quality of carbohydrates,
such as the GI or the fibre content, might be important for
disease development. To our knowledge, this is the first pro-
spective study that has found a significant association between
an index designed to assess the quality of carbohydrates in diet
and the risk of depression. Although the individual components
of the index were not associated with depression risk, the sum
of the four of them, which represents an overall quality of
carbohydrate intake, was associated with a lower risk of
developing depressive disorders during the follow-up.

The beneficial role of fibre and whole-grain intake in the
prevention of CVD and especially of diabetes has been exten-
sively demonstrated for a large number of epidemiological
studies®®. In addition, have
addressed the detrimental role of high GI and glycaemic load
(GL) in cardio-metabolic conditions®**?, The GI is an indicator
that measures how carbohydrate-containing foods raise blood
glucose in comparison with a reference food, usually glucose or
white bread”. The GL reflects both the quality and quantity of
carbohydrate. Diets with low GI and GL are able to reduce the
level of fasting insulin and also improve the lipid profile“®®.
Moreover, the anti-inflammatory effect of these diets has been
suggested > For example, in a recent analysis from a small
cohort study, a higher intake of carbohydrates from higher-GI
food sources and lower whole-grain consumption during pub-
erty predicted greater IL-6 concentrations in young adulthood,
although the authors did not find a significant association with
fibre intake“®.

Metabolic disturbances and inflammatory processes are pre-
sent in both cardio-metabolic diseases and depressive disorders.
Although diets with high GI might be associated with lower risk
of depressive disorders because of their effect on insulin
secretion, which facilitates the transport of tryptophan in the
brain, the link between low-GlI, fibre or whole-grain consump-
tion and depression risk reduction seems plausible through their
anti-inflammatory mechanisms. In a recent study published in
2016, Gopinath et al.*> found a positive association between
dietary GI and depression prevalence. The same result was
found by Haghighatdoost et al“®, although in this analysis the
association was inverse for GL. More importantly, Breymeyer
et al” carried out a clinical trial with low/high-GL diets. Par-
ticipants assigned to a high-GL diet showed higher depression
symptoms, total mood disturbance and fatigue as compared with
those assigned to a low-GL diet. These results had been
observed in other clinical trials“®, although not in all®®.

It is important to highlight that high-GI and high-GL diets may
contain lower amounts of fibre and whole grains than low-GI
and low-GL diets, which could explain the detrimental role of
high GI in depression. In fact, some studies have found an
inverse association between fibre intake and depression
prevalence®™%” The hypothesised role of fibre intake in
depression development might be related with gut-microbiota
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composition and activity, including some mechanisms linked
with the gut-brain axis, as well as with immune, neural and
metabolic pathways involved in depression pathogenesis®®.

Our analyses revealed a U-shaped relationship between CQI
and depression, similar to that observed for the role of the
adherence to healthy dietary patterns in depression in a
previous analysis within the cohort®". In this sense, moderate
carbohydrate quality as we observed for moderate adherence to
diet quality patterns (but not the highest quality in carbo-
hydrates, nor the highest diet patterns quality) showed the
strongest inverse association with depression. It could be
speculated that some psychological elements of neurotic or
obsessive traits present in some participants classified in the
highest category of quality (both for carbohydrates and healthy
dietary patterns) may contribute to the observed plateau
reached at moderate level of quality.

Strengths of this study deserve to be mentioned and include
its prospective longitudinal design, the use of previously
validated methods, the large sample size and the repeated
measurements of the diet. Participants were highly educated,
which increases the quality of self-reported information and
reduces the potential for misclassification bias®?. In addition,
the restriction to a fairly homogeneous subgroup of participants
with regard to educational level minimises the potential for
residual confounding and is an excellent technique to improve
the internal validity of our results. In fact, to maximise the
validity of a cohort, it is recommended by methodologists to
‘select study groups for homogeneity with respect to important
confounders, for highly cooperative behaviours and for avail-
ability of accurate information, rather than attempt to be repre-
sentative of a natural population®®. We also excluded cases of
depression diagnosed within the first 2 years of follow-up to try
to avoid that some possible results would be explained by a
reverse causation bias owing to subclinical cases of depression
present at baseline.

Some possible limitations should also be mentioned. The
SUN cohort is not a representative sample of the general
population, which could limit the generalisability of our
findings to other populations, and therefore generalisation of
these results should be based on biological mechanisms rather
than on statistical representativeness. Dietary intake and diag-
nosis of depression were self-reported; however, both methods
have been previously validated in our cohort***3'® Although
all the results were adjusted for a variety of major potential
confounders, we cannot exclude the presence of some
unknown or unmeasured factors that could partly explain the
reported results. Some unmeasured dietary factors could partly
explain the reported results. Moreover, participants’ degree of
loneliness or social network is not collected in our cohort.
Recently, it has been suggested that social isolation would lead
to increased level of sugar intake®?.

The restriction of the sample to a homogeneous educated
subgroup of participants could lead to little variability in the
exposure that might have reduced the possibility of significant
findings. Moreover, highly educated participants in this cohort
might be more aware of the negative effects of high-sugar diets
and other detrimental foods and, thus, social desirability bias
might not be excluded. The presence of this non-differential
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misclassification bias would lead the associations towards the
null. Finally, the observed non-linear associations could indicate
that some findings could be explained, in part, by chance.

In conclusion, higher exposure to added sugars and poor
quality of carbohydrates were associated with a higher risk of
depression in this study. To date, most of the available studies that
had analysed the role of total carbohydrates, sugars, GI or fibre in
depression were prospectively the possible association between
carbohydrate quantities, quality and types and depression risk.
More studies similar to the SUN Cohort study with longitudinal
design are needed to confirm the reported results.
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