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Abstract
Purpose  To elucidate the association of different sources of free sugars (FS) and intrinsic sugars with depression risk in the 
prospective population-based UK Biobank cohort.
Methods  Sugar consumption was assessed in 188,426 participants (age range: 39–72 years, 54.4% female) with at least one 
web-based dietary questionnaire (Oxford WebQ). The hazard ratios (HR) for incident depression were assessed with Cox 
proportional hazard regression models including sugar intake from different sources as penalized cubic splines to allow 
non-linear predictor effects. Over a mean follow-up of 12.3 (standard deviation 1.8) years, 5410 incident depression cases 
occurred.
Results  FS intake was significantly associated with depression risk in an ascending approximately linear way with the lowest 
HR observed at 9% total energy (%E). In contrast, consumption of intrinsic sugars was not significantly related with incident 
depression. FS in beverages were significantly associated with depression risk in an ascending approximately linear way 
with the lowest HR at 4%E whereas no association was found for FS in solids. Concerning beverage types, FS in soda/fruit 
drinks, milk-based drinks, and tea/coffee were significantly and positively related to depression risk whereas the association 
was U-shaped for juice. Major findings were robust in sensitivity analyses.
Conclusion  Only some sources of FS are positively associated with incident depression. Public health initiatives targeting 
FS subtypes might be most effective concerning depression risk if focused on the reduction of sugary beverages and more 
specifically soda/fruit drinks, milk-based drinks, and tea/coffee.
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Introduction

Depression is one of the most common psychiatric condi-
tions affecting about 3.8% of the total and 5.0% of the adult 
worldwide population [1]. Female sex and a family history 
of depression are important non-modifiable risk factors [1, 
2]. Furthermore, adverse life events and facets of the meta-
bolic syndrome contribute to the disease and are potentially 
modifiable [1, 3]. Thus, the risk for depression is twice as 
high in obese patients as compared to normal-weight con-
trols [3, 4]. In addition, several food items, nutrients, as well 
as dietary patterns, are associated with brain function and 
mood disorders [5–7].

Low carbohydrate diets are a popular approach to 
decrease body weight and improve glucose control, as well 
as low-grade inflammation [8, 9]. Interestingly, preliminary 
evidence suggests that they might also improve depressive 
symptoms [10, 11]. However, various food items need to be 
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excluded when adhering to a low carbohydrate diet limiting 
the diversity of choices and contributing to poor long-term 
adherence [12]. In addition, several food items and nutri-
ents positively associated with mental health might also be 
excluded from the diet, e.g., fruits and vegetables, as well as 
complex carbohydrates found in legumes and whole grains 
[6]. Therefore, more recent interventions have focused on 
reducing specific carbohydrate subtypes with a particular 
emphasis put on limiting sugars [13, 14]. Sugars are all 
mono- and disaccharides [15] and they can be divided into 
free sugars (FS) and intrinsic sugars according to the World 
Health Organization (WHO) [16]. FS are added to foods by 
the manufacturer, cook, or consumer, plus sugars naturally 
present in honey, syrups, and fruit juices [16]. The WHO 
recommends to limit FS throughout the life course to less 
than 10% of total energy intake, i.e., 50 g FS per day for a 
2000 kcal diet, and optimally to even below 5% [16]. The 
National Health Service (NHS) is even more restrictive lim-
iting FS consumption to less than 30 g per day for adults 
[17]. However, the WHO recommendation [16] is based 
on cohort studies of the association between FS intake and 
dental caries and does not differentiate between FS sources.

Some studies suggest that higher intake of FS in general 
[18] and in soda/fruit drinks [19–21] is positively associ-
ated with depression risk. Mechanisms by which FS might 
cause the development of the disease include FS-mediated 
decreases of brain-derived neurotrophic factor (BDNF) [22] 
and induction of low-grade inflammation [23], as well as 
addiction-like effects with signs of behavioral depression 
and anxiety after sugar withdrawal [24].

No study so far has systematically assessed the link 
between FS consumption from different sources including 
FS in beverages and beverage subtypes, as well as FS in sol-
ids and solids subtypes, on the one hand and depression risk 
on the other hand. To address this open point, all major FS 
sources, which are summarized in Online Resource 1, were 
assessed within the current study in a large, well-character-
ized population of 188,426 UK Biobank participants using 
penalized cubic splines to allow, in particular, non-linear 
predictor effects. Furthermore, the association between 
intrinsic sugars, i.e., all sugars that are not FS including 
sugars from fruit, vegetables, and lactose in dairy products 
[16], and depression risk was studied for the first time. We 
hypothesized that the association between FS and incident 
depression depends on FS source with adverse effects being 
especially related to beverages and differential associations 
seen for specific beverage subtypes. Moreover, we hypoth-
esized that high consumption of intrinsic sugars in contrast 
to FS is not related to depression risk.

Methods

Study and participants

The UK Biobank study is the basis for all analyses. 
Between 2006 and 2010, more than 500,000 participants 
were recruited across the UK [25]. For the current study, 
participants who filled out at least one web-based dietary 
questionnaire for the assessment of previous 24 h dietary 
intakes (Oxford WebQ) [26] were selected as summarized 
in Online Resources 2 and 3. The following exclusion 
criteria were applied: (1) diagnosis of depression before 
completion of last Oxford WebQ, (2) missing socioeco-
nomic factors (Townsend deprivation index, total house-
hold income, ethnic background, highest qualification, 
or overall health rating), (3) missing data of the physical 
exam [body mass index (BMI), systolic blood pressure 
(SBP)], (4) being in the upper 0.1% of total energy and/
or carbohydrate intake or total energy intake of 0 kJ/day, 
(5) malabsorption, and (6) missing lifestyle risk factors 
(physical activity or smoking status) resulting in a study 
population of 188,426 participants. The diagnosis malab-
sorption was assessed at baseline by a verbal interview. 
Mean (range) age was 56 (39–72) years with 102,575 par-
ticipants (54.4%) being female. The UK Biobank study 
was approved by the North West Multicentre Research 
Ethics Committee and written informed consent was 
obtained from all participants at baseline [25].

Exposure assessment

Consumption of sugar and sugar subtypes was calculated 
based on the Oxford WebQ data with methodology similar 
to recent studies [27, 28]. In brief, energy and total sugar 
contents were estimated for each Oxford WebQ ques-
tionnaire item based on McCance and Widdowson’s The 
Composition of Foods and its supplements [26], the UK 
Data Archive Standard Recipes Database [29], and product 
labels. The procedure to estimate FS content of the food 
items is based on Wanselius et al. [30] and summarized 
in Online Resource 4. FS were divided into FS in bev-
erages and FS in solids. The following sugar-containing 
beverage subtypes were defined: soda/fruit drinks (the fol-
lowing items were assessed during baseline: carbonated 
(fizzy) drinks, fruit drinks, J20, squash, cordial, excluding 
low calorie or diet drinks), pure juice (i.e., fruit and veg-
etable; indicated as “juice” throughout the manuscript), 
milk-based drinks (i.e., dairy/yogurt-based smoothies, 
yogurt drinks, flavoured milk or milkshakes, hot choco-
late or other milk-based drinks, excluding plain milk), 
and sugar added to tea/coffee. For tea/coffee, participants 



729European Journal of Nutrition (2023) 62:727–738	

1 3

could choose the amount of added sugar per drink as half, 
one, two, or three teaspoon(s), as well as “varied”. This 
number of teaspoons was multiplied by the total number 
of cups of coffee and tea consumed, respectively. Since 
one teaspoon was the most commonly chosen portion size 
for added sugar in tea/coffee, this amount was set if par-
ticipants indicated “varied”. The amount of sugar in tea/
coffee was reported in the Oxford WebQ on each occa-
sion the questionnaire was filled out. In total, “varied” was 
indicated on at least one occasion by 1004 participants for 
sugar added to tea/coffee. The following sugar-containing 
solids subtypes were defined: treats (i.e., pastries, candies, 
chocolate, ice cream, sweetened yoghurt), breakfast cere-
als (i.e., all food items labelled as “cereal(s)”, porridge, 
muesli, shreddies; indicated as “cereals” throughout the 
manuscript), toppings (i.e., table sugar, jam, honey, syrup, 
peanut butter, chocolate/nut spread, stewed/cooked fruit), 
and sauces (i.e., all food items labelled as “sauce(s)”, 
“salad cream”, mayonnaise, ketchup, chutney, salad dress-
ing, pesto, gravy). Standard portion sizes were taken from 
the UK Food Standards Agency [31] and product labels. 
For each participant, the intake (g/day) of the specific 
sugar subtype was calculated by multiplying the frequency 
of each food item with the estimated content of this sugar 
subtype in that item in a portion. Intrinsic sugars were 
calculated as the difference between total sugars and FS. 
Sugar subtype intake in kJ/day was calculated by multi-
plying the intake in g/day with 17 kJ/g. Sugar subtype 
consumption in % total energy (%E) was calculated as 
follows according to Willett and co-workers [32]: Sugar 
subtype intake in kJ/day × 100%/total energy in kJ/day. 
UK Biobank participants could fill out the Oxford WebQ 
on up to five occasions. For participants who completed 
more than one questionnaire, the mean %E intake of sugar 
subtypes was used for all primary analyses.

Outcome assessment

Linked morbidity data are provided by UK Biobank as the 
earliest record date and respective health outcome defined 
with three-character International Statistical Classification 
of Diseases and Related Health Problems, Tenth Revision 
(ICD-10) codes [33]. Sources for these morbidity data are 
self-report at baseline assessment, as well as primary care, 
inpatient hospital, and death record data [33]. In the current 
study, the primary outcome was incident depression defined 
as ICD-10 codes F32 and F33. Follow-up time was calcu-
lated by subtracting the date of the baseline assessment from 
the date of the first diagnosis of depression, loss-to-follow-
up, death, or censoring (i.e., December 31, 2021), whichever 
came first. The shortest duration to diagnosis was used in 
case of both F32 and F33 diagnoses in a patient.

Statistical analyses

All data were analysed with R version 4.0.5 [34] as described 
recently [35, 36]. The hazard ratios (HR) for incident depres-
sion were assessed with Cox proportional hazard regres-
sion multivariate nutrient density models [32] including %E 
intake of sugar from different sources and energy intake as 
penalized cubic splines with their degrees of freedom set to 
4. Besides energy intake, models were adjusted for age (split 
by quintiles), alcohol intake (< 1, 1 to < 8, 8 to < 16, ≥ 16 g/
day), BMI (< 18.5, 18.5 to < 25, 25 to < 30, ≥ 30 kg/m2), eth-
nic background (White, group composed of Mixed, Asian, 
Black, Chinese, and other), general health status (poor, fair, 
good, excellent), highest qualification (none of the below, 
national exams at age 16 years, vocational qualifications or 
optional national exams at ages 17–18 years, professional, 
College or University), history of mental illness (yes, no), 
physical activity [metabolic equivalent of task (MET)-min-
utes per week derived from the Oxford WebQ; split by quin-
tiles], SBP (split by quintiles), sex (female, male), smoking 
status (never, previous, current occasional, current < 10, 
10–14, 15–19, ≥ 20 cigarettes per day), total household 
income (< 18, 18 to < 31, 31 to < 52, 52 to < 100, ≥ 100 k£, 
unknown), and Townsend deprivation index (split by quin-
tiles). Hazard proportionality was assessed for each covari-
ate based on scaled Schoenfeld residuals. All covariates 
violating the proportional hazard assumption significantly 
after Holm-adjustment for multiple testing were stratified 
in the final models.

In each analysis, determination of the nadir of the esti-
mated HR as a function of the intake of a sugar subtype in 
%E was restricted to the range from zero to the 99%-quan-
tile. To simplify presentations, the HR was then rescaled to 
a nadir of 1. HR with pointwise 95% confidence intervals 
(CIs) are shown for all Cox proportional hazard regression 
models. The analysis of each penalized cubic spline is sepa-
rated into plin for the linear and pnon−lin for the nonlinear 
effect as described recently [35].

Several sensitivity analyses were run similarly as 
described in a recent study [37] to check the robustness of 
the findings. Reverse causation was considered by exclud-
ing participants lost to follow-up or diagnosed with depres-
sion within 2 years after baseline (landmark analysis) and by 
excluding participants who had lost weight unintentionally. 
To remove implausible energy intake data, participants with 
under-reporting, i.e., < 1.1 × basal metabolic rate—500 kcal, 
or over-reporting, i.e., > 2.5 × basal metabolic rate + 500 kcal 
were excluded from the analysis. Basal metabolic rate was 
defined according to the Oxford equation [38]. To control 
for unrepresentative consumption data, participants who 
reported their previous day´s diet as non-typical on at least 
one occasion were excluded. To assess whether the por-
tion size “varied” for sugar added to tea/coffee affected 
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the results, all participants indicating “varied” on at least 
one occasion were removed from the analysis. To focus on 
nutrient intake closest to baseline assessment, analyses were 
repeated using the first Oxford WebQ questionnaire only. To 
apply alternative measures for body composition, waist-to-
hip ratio (WHR) and height instead of BMI were used. To 
further control for residual confounding by dietary factors, 
a diet quality score was included in the analysis combining 
five dietary components, i.e., fat, fruit, vegetables, red meat, 
and processed meat consumption as described by Anderson 
et al. [37]. Minimum and maximum instead of mean sugar 
subtype and energy intake levels were assessed in two addi-
tional sensitivity analyses to consider lowest and highest 
consumption levels reported. To assess sex-dependent dif-
ferences, sensitivity analyses were conducted in females and 
males separately.

A p value of < 0.05 was regarded as statistically signifi-
cant in all analyses. If both plin and pnon−lin were non-sig-
nificant, no further interpretation of the HR-nadir or other 
individual HR was performed.

Results

Baseline data of UK Biobank participants

Baseline characteristics of the study population in total and 
in subgroups of FS consumption defined by quintiles are 
shown in Table 1. Over a mean (standard deviation, SD) 
follow-up of 12.3 (1.8) years and altogether 2.3 million per-
son-years, a total of 5410 incident depression cases occurred 
with 3447 in females and 1963 in males.

FS versus intrinsic sugars

Mean (SD) consumption of FS and intrinsic sugars was 11.4 
(5.9) and 13.0 (5.8) %E, respectively (Table 1). FS intake 
was significantly associated with the HR for depression in an 
ascending approximately linear way (Fig. 1a). The HR-nadir 
for FS was found at 9%E and the HR (CI) increased to 1.11 
(1.05 to 1.17) at 20%E (Fig. 1a). In contrast, the intake of 
intrinsic sugars was not significantly related to depression 
risk (Fig. 1b).

FS remained significantly related to depression in all 
sensitivity analyses (Online Resource 5a–16a). The HR-
nadir decreased to 0%E if only the first Oxford WebQ was 
considered (Online Resource 10a), minimum intake values 
were used (Online Resource 13a), and in males only (Online 
Resource 16a). Similar to the primary analysis, intrinsic sug-
ars were not significantly associated with depression risk in all 
sensitivity analyses (Online Resource 5b–16b) except when 
minimum intake values were used (Online Resource 13b).

FS in beverages versus FS in solids

Mean (SD) intake of FS in beverages and FS in solids was 
4.9 (5.1) and 6.5 (3.5) %E, respectively (Table 1). Intake of 
FS in beverages was significantly associated with depres-
sion risk in an ascending approximately linear way (Fig. 1c). 
The HR-nadir for FS in beverages was observed at 4%E 
and the HRs (CIs) increased to 1.06 (1.02–1.11) and 1.31 
(1.18–1.45) at 10%E and 20%E, respectively (Fig. 1c). The 
relation between FS in beverages and incident depression 
remained similar in all sensitivity analyses with the HR-
nadir ranging from 0 to 7%E (Online Resource 5c–16c). FS 
in solids were not significantly related to depression risk in 
the primary (Fig. 1d) and in all sensitivity analyses (Online 
Resource 5d–16d).

FS in beverage subtypes

Mean (SD) intake of FS in beverage subtypes was: soda/
fruit drinks 1.8 (3.8), juice 2.1 (2.8), milk-based drinks 0.3 
(0.9), and tea/coffee 0.6 (1.7) %E (Table 1). FS in soda/
fruit drinks were significantly associated with depression 
risk in a linear fashion with the HR-nadir found at 3%E and 
HR (CI) of 1.15 (1.07–1.24) at 10%E (Fig. 2a). FS in juice 
were significantly associated with HR for depression in a 
U-shaped fashion with the HR-nadir observed at 5%E and 
HR (CI) of 1.12 (1.09–1.14) at 0%E (Fig. 2b). FS in milk-
based drinks were significantly associated with depression 
risk in a non-linear wave-shaped fashion with the HR-nadir 
detected at 0%E and increased HR up to 3%E but not beyond 
this level (Fig. 2c). FS in tea/coffee were significantly related 
to incident depression in a curvilinear fashion with the HR-
nadir detected at 0%E (Fig. 2d). These findings were robust 
in all sensitivity analyses with the following exceptions: the 
association between FS in milk-based drinks and tea/coffee 
did not remain statistically significant if only males were 
studied (Online Resource 16g, h).

FS in solids subtypes

Mean (SD) intake of FS in solids subtypes was as follows: 
treats 4.3 (3.0), cereals 0.5 (0.8), toppings 1.2 (1.6), and 
sauces 0.3 (0.4) %E (Table 1). Within solids subtypes, FS 
in treats were not significantly related to depression risk 
in the primary cohort (Fig. 3a). A non-significant associa-
tion was observed in all sensitivity analyses except when 
adjusting for a diet quality score (Online Resources 12i), 
considering minimum intake levels (Online Resource 
13i), and females only (Online Resource 15i). FS in cere-
als were significantly related to incident depression in a 
linear manner in the primary analysis (Fig. 3b); however, 
the association remained statistically significant in only 
four out of the 12 sensitivity analyses (Online Resource 
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Table 1   Baseline characteristics of the UK Biobank cohort

Parameters Total cohort 
(n = 188,426)

FS intake (%E) split by quintiles

0.0–6.6 
(n = 37,685)

6.6–9.4 
(n = 37,685)

9.4–12.1 
(n = 37,685)

12.1–15.6 
(n = 37,685)

15.6–78.4 
(n = 37,686)

Characteristics
 Age (years) 56 (8) 56 (8) 56 (8) 56 (8) 56 (8) 55 (8)
 BMI (kg/m2) 26.9 (4.6) 27.3 (4.7) 26.9 (4.5) 26.7 (4.4) 26.6 (4.4) 26.9 (4.6)
 Ethnic background
  White 180,425 (95.8) 36,130 (95.9) 36,422 (96.6) 36,346 (96.4) 36,250 (96.2) 35,277 (93.6)
  Mixed, Asian, 

Black, Chi-
nese, and other

8001 (4.2) 1555 (4.1) 1263 (3.4) 1339 (3.6) 1435 (3.8) 2409 (6.4)

 General health status
  Poor 4733 (2.5) 1023 (2.7) 729 (2.1) 766 (2.0) 858 (2.3) 1307 (3.5)
  Fair 31,152 (16.5) 6625 (17.6) 5848 (15.5) 5732 (15.2) 5909 (15.7) 7038 (18.7)
  Good 113,757 (60.4) 22,529 (59.8) 22,767 (60.4) 23,110 (61.3) 23,037 (61.1) 22,314 (59.2)
  Excellent 38,784 (20.6) 7508 (19.9) 8291 (22.0) 8077 (21.4) 7881 (20.9) 7027 (18.6)

 Highest qualification
  None of the 

below
15,875 (8.4) 3512 (9.3) 2963 (7.9) 2954 (7.8) 2965 (7.9) 3481 (9.2)

  National exams 
at age 16 years

28,442 (15.1) 5772 (15.3) 5480 (14.5) 5559 (14.8) 5542 (14.7) 6089 (16.2)

  Vocational 
qualifications 
or optional 
national 
exams at ages 
17–18 years

33,756 (17.9) 6927 (18.4) 6501 (17.3) 6554 (17.4) 6497 (17.2) 7277 (19.3)

  Professional 29,230 (15.5) 5655 (15.0) 5694 (15.1) 5927 (15.7) 5985 (15.9) 5969 (15.8)
  College or Uni-

versity
81,123 (43.1) 15,819 (42.0) 17,047 (45.2) 16,691 (44.2) 16,696 (44.3) 14,870 (39.5)

History of mental 
illnesses

3049 (1.6) 565 (1.5) 586 (1.6) 573 (1.5) 590 (1.6) 735 (2.0)

 Physical activity 
(MET-min/
week)

4114 (2683) 4044 (2716) 4088 (2586) 4111 (2585) 4141 (2622) 4186 (2891)

SBP (mmHg) 139 (19) 140 (19) 139 (19) 139 (19) 139 (19) 138 (19)
 Sex—female 102,575 (54.4) 20,063 (53.2) 20,961 (55.6) 20,832 (55.3) 20,802 (55.2) 19,917 (52.8)
 Smoking status
  Never 108,165 (57.4) 19,296 (51.2) 20,991 (55.7) 21,974 (58.3) 22,962 (60.9) 22,942 (60.9)
  Previous 67,033 (35.6) 15,388 (40.8) 14,279 (37.9) 13,394 (35.5) 12,340 (32.7) 11,632 (30.9)
  Occasional 4510 (2.4) 1096 (2.9) 924 (2.5) 851 (2.3) 795 (2.1) 844 (2.2)
  Current < 10 

cigarettes per 
day

2251 (1.2) 468 (1.2) 401 (1.1) 391 (1.0) 457 (1.2) 534 (1.4)

  Current 10–14 
cigarettes per 
day

1969 (1.0) 383 (1.0) 352 (0.9) 343 (0.9) 346 (0.9) 545 (1.4)

  Current 15–19 
cigarettes per 
day

1735 (0.9) 377 (1.0) 275 (0.7) 300 (0.8) 302 (0.8) 481 (1.3)

  Current ≥ 20 
cigarettes per 
day

2763 (1.5) 677 (1.8) 463 (1.2) 432 (1.1) 483 (1.3) 708 (1.9)

 Total household income per year (k£)
  < 18 24,782 (13.2) 4781 (12.7) 4582 (12.2) 4673 (12.4) 4981 (13.2) 5765 (15.3)
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9j, 11j, 12j, and 16j). FS in toppings were significantly 
related to incident depression in a non-linear fashion in 
the primary analysis with the HR-nadir at 3%E and an 
increased HR in non-consumers (Fig. 3c). However, this 
association did not remain statistically significant in sev-
eral sensitivity analyses (Online Resource 6k, 8k, 10k, 
13k, and 16k). FS in sauces were not significantly related 
to depression risk in the primary analysis (Fig. 3d) and 
all sensitivity analyses except when varied sugar added to 
tea/coffee was removed (Online Resource 9l), considering 

maximum intake levels (Online Resource 14l), and males 
only (Online Resource 16l).

Discussion

Principal findings

The current study is the first to systematically assess the 
association of FS from all major sources with incident 

Categorical variables are summarized as frequencies (percentages) and continuous variables as mean (SD)
FS free sugars, MET metabolic equivalent of task

Table 1   (continued)

Parameters Total cohort 
(n = 188,426)

FS intake (%E) split by quintiles

0.0–6.6 
(n = 37,685)

6.6–9.4 
(n = 37,685)

9.4–12.1 
(n = 37,685)

12.1–15.6 
(n = 37,685)

15.6–78.4 
(n = 37,686)

  18 to < 31 40,917 (21.7) 7801 (20.7) 7991 (21.2) 8242 (21.9) 8326 (22.1) 8557 (22.7)
  31 to < 52 48,582 (25.8) 9527 (25.3) 9859 (26.2) 9793 (26.0) 9807 (26.0) 9596 (25.5)
  52 to < 100 42,586 (22.6) 9046 (24.0) 8902 (23.6) 8601 (22.8) 8370 (22.2) 7667 (20.3)
  ≥ 100 12,794 (6.8) 2926 (7.8) 2807 (7.4) 2584 (6.9) 2419 (6.4) 2058 (5.5)
  Unknown 18,765 (10.0) 3604 (9.6) 3544 (9.4) 3792 (10.1) 3782 (10.0) 4043 (10.7)

 Townsend depri-
vation index

− 1.6 (2.8) − 1.5 (2.9) − 1.7 (2.8) − 1.7 (2.8) − 1.8 (2.8) − 1.5 (3.0)

Dietary sugar subtype intake in %E
 Carbohydrates 48.7 (8.1) 44.4 (9.3) 46.8 (7.4) 48.4 (6.8) 50.2 (6.4) 53.9 (6.9)
 Total sugars 24.4 (7.5) 18.6 (6.8) 21.7 (5.7) 23.8 (5.4) 26.2 (5.3) 31.6 (6.7)
 Intrinsic sugars 13.0 (5.8) 14.4 (6.7) 13.7 (5.7) 13.0 (5.4) 12.5 (5.2) 11.3 (5.4)
 FS 11.4 (5.9) 4.2 (1.7) 8.0 (0.8) 10.8 (0.8) 13.7 (1.0) 20.3 (4.9)
 FS beverages 4.9 (5.1) 1.0 (1.4) 2.5 (2.1) 3.9 (2.6) 5.8 (3.1) 11.4 (6.5)
  Soda/fruit drinks 1.8 (3.8) 0.1 (0.6) 0.5 (1.2) 0.9 (1.8) 1.8 (2.6) 5.6 (6.3)
  Juice 2.1 (2.8) 0.5 (1.2) 1.4 (1.8) 2.1 (2.2) 2.7 (2.7) 3.7 (4.2)
  Milk-based 

drinks
0.3 (0.9) 0.1 (0.5) 0.2 (0.7) 0.3 (0.9) 0.4 (1.0) 0.6 (1.3)

  Tea/coffee 0.6 (1.7) 0.2 (0.6) 0.3 (1.0) 0.5 (1.3) 0.7 (1.6) 1.4 (2.8)
 FS solids 6.5 (3.5) 3.2 (1.8) 5.5 (2.2) 6.8 (2.6) 8.0 (3.1) 8.9 (4.2)
  Treats 4.3 (3.0) 2.0 (1.6) 3.6 (2.0) 4.5 (2.4) 5.2 (2.8) 6.1 (3.9)
  Cereals 0.5 (0.8) 0.3 (0.7) 0.5 (0.7) 0.5 (0.8) 0.6 (0.8) 0.6 (0.9)
  Toppings 1.2 (1.6) 0.4 (0.9) 0.9 (1.4) 1.3 (1.6) 1.6 (1.8) 1.6 (2.0)
  Sauces 0.3 (0.4) 0.2 (0.4) 0.3 (0.4) 0.3 (0.4) 0.3 (0.4) 0.3 (0.4)

Other nutrients of interest
 Alcohol (g/day) 17.0 (22.0) 25.0 (28.2) 20.1 (23.1) 16.7 (19.9) 13.6 (17.7) 9.8 (15.7)
 Fat (g/day) 78.1 (29.4) 71.7 (28.9) 78.7 (28.5) 81.3 (29.0) 81.6 (29.2) 77.3 (30.1)
 Protein (g/day) 74.0 (21.9) 74.8 (24.1) 76.2 (21.6) 75.6 (21.0) 74.1 (20.5) 69.2 (21.5)
 Fibre (g/day) 18.8 (7.3) 18.8 (7.9) 19.6 (7.2) 19.4 (7.0) 19.0 (6.8) 17.2 (7.0)
 Energy (kJ/day) 8979 (2492) 8275 (2454) 8910 (2369) 9151 (2399) 9291 (2431) 9268 (2652)
 Number of Oxford 

WebQ
2.2 (1.2) 2.0 (1.1) 2.3 (1.2) 2.3 (1.2) 2.3 (1.2) 2.0 (1.1)

 Follow-up time 
between baseline 
and depression 
diagnosis (years)

7.4 (3.0) 7.4 (3.1) 7.5 (3.0) 7.5 (3.0) 7.3 (3.0) 7.4 (3.0)
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depression and some sugar sources are evaluated for the 
first time.

FS intake is significantly associated with depression risk 
in an ascending approximately linear way and a HR-nadir at 
9%E. In contrast, intrinsic sugars are not significantly related 
to incident depression. FS in beverages are significantly 
associated with depression risk in an ascending approxi-
mately linear way whereas no association is found for FS in 
solids. Within beverages, FS in soda/fruit drinks, milk-based 
drinks, and tea/coffee are significantly and positively related 
to depression risk whereas the association is U-shaped for 
juice. In contrast, relations of FS in solids subtypes with 
incident depression are weaker and less robust in sensitiv-
ity analyses as compared to FS in beverages and beverage 
subtypes. Our results highlight that the associations between 
FS and depression risk depend on FS source.

Comparison with other studies

Mean FS consumption of UK Biobank participants in the 
present study is comparable to representative data for the 
UK population from the National Diet and Nutrition Sur-
vey Rolling Programme 2014–2016 [39]. However, mean 

FS intake of the UK Biobank population is higher as recom-
mended by the WHO [16] and the NHS [17]. In our study, 
FS consumption and depression risk are significantly asso-
ciated in an ascending approximately linear way with the 
HR-nadir observed at 9%E. Similar to our present findings, 
Sánchez-Villegas et al. demonstrate convincingly that HR 
for depression is significantly increased 1.35-fold above the 
highest as compared to below the lowest quartile of added 
sugars consumption in 15,546 participants [18]. In con-
trast, no significant association between sugar intake from 
sweet food and beverages combined and incident depression 
5 years later is observed in another report [40]. Differences 
in results might be well explained by different study sizes, 
as well as different proportions of FS subtypes in the respec-
tive studies.

To the best of our knowledge, the association of intrinsic 
sugars with depression risk is defined for the first time in 
the current study. In contrast to FS, intrinsic sugars are not 
significantly related to incident depression. Intrinsic sugars 
are preferentially found within the structure of intact fruit 
and vegetables or are naturally present as lactose and galac-
tose in milk [16]. Interestingly, the pooled relative depres-
sion risk is reduced by 17% for fruit intake and by 14% for 

Fig. 1   Association of a FS, b intrinsic sugars, c FS in beverages, 
and d FS in solids intake (all %E) with depression risk. Models are 
adjusted for energy intake, age, alcohol intake, BMI, ethnic back-
ground, general health status, highest qualification, history of mental 
illnesses, physical activity, SBP, sex, smoking status, total household 

income, and Townsend deprivation index as summarized in the Meth-
ods section. Covariates not fulfilling the proportional hazard assump-
tion are stratified. The HR-nadir is indicated in green. FS free sugars, 
HR hazard ratio
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Fig. 2   Association of FS in a soda/fruit drinks, b juice, c milk-based drinks, and d tea/coffee (all %E) with depression risk. Models are adjusted 
and presented as indicated in Fig. 1

Fig. 3   Association of FS in a treats, b cereals, c toppings, and d sauces (all %E) with depression risk. Models are adjusted and presented as indi-
cated in Fig. 1
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vegetable consumption in the highest versus the lowest cat-
egory in a recent meta-analysis [41]. Therefore, the numer-
ous health-promoting nutrients, e.g., vitamins, phytochemi-
cals, and dietary fibres rather than intrinsic sugars might 
have a beneficial impact on incident depression. The cur-
rent report supports the recommendation by the WHO that 
intrinsic sugars and FS should be distinguished since their 
physiological effects are different with FS but not intrinsic 
sugars being associated with adverse metabolic effects at 
higher consumption levels [16].

FS in beverages are significantly associated with depres-
sion in an ascending approximately linear way in the cur-
rent report. To the best of our knowledge, no study of a 
prospective cohort so far has assessed the association of all 
FS in beverages combined with depression. Rather, reports 
have focused on soda/fruit drinks with some studies show-
ing a positive association with depression [19–21] similar 
to our present findings while others present inconclusive 
evidence [18, 40]. Different results might be explained by 
differences in sample sizes, study cohorts, as well as defini-
tions of depression and sugary beverages. It is important to 
note in this context that by far the two largest studies, i.e., 
the study by Guo et al. [19] (n = 263,923) and our present 
analysis (n = 188,426) show a dose-dependency of depres-
sion risk on soda/fruit drinks consumption. Our study is the 
first to elucidate the association between FS in milk-based 
drinks and juice on one hand and depression risk on the 
other hand. FS in milk-based drinks are positively associated 
with incident depression in a non-linear wave-shaped fash-
ion. In contrast, the link between FS in juice and depression 
is rather U-shaped. It is interesting to note in this context that 
daily consumption of 380 ml of orange juice for 8 weeks sig-
nificantly decreases depressive symptoms of young adults in 
a recent intervention study [42]. The consumption of about 
30 g/day FS from juice derived from this juice intake are 
close to the HR-nadir of 5%E which is equivalent to about 
26 g/day FS from juice in the present study. Combined, these 
data suggest that moderate juice intake might be a protective 
factor for depression. Only one study so far has evaluated 
the association between FS in tea/coffee and depression risk. 
Guo et al. demonstrate convincingly that depression risk of 
US adults who add sugar or honey to their tea or coffee is not 
significantly altered as compared to non-drinkers [19]. In the 
present study, the association between FS in tea/coffee and 
depression is curvilinear with the HR-nadir detected at 0%E. 
Together, these data suggest that the association between FS 
and depression depends on beverage type.

Our study is the first to analyse the association between 
FS in solids and depression risk. In contrast to FS in bever-
ages, no link between FS in solids and depression is found. 
Furthermore, the relations of FS in solids subtypes with 
incident depression are weaker and less robust in sensitiv-
ity analyses as compared to FS in beverages and beverage 

subtypes. In agreement with our findings, no significant 
association between the consumption of commercial baked 
goods and depression is found in an independent report [43]. 
In contrast, the risk for depressive symptoms is significantly 
increased 1.7-fold above the upper tertile in comparison to 
below the lower tertile of confectionery consumption in 
another study [44]. Possible different physiological effects of 
FS from solids and beverages might be due to faster gastric 
emptying of beverages as compared to solids [45]. Indeed, 
high glycemic index diets are associated with an increased 
depression risk in cohort studies and clinical trials [46]. 
Together, these data suggest that FS from beverages and 
solids show distinct physiological effects and that FS from 
solids are not linked with depression risk. It is interesting 
to note in this context that significant differences concern-
ing subjective feelings of hunger, fullness, and satiety can 
be observed between liquid and solid carbohydrate foods 
despite similar effects on glycemic and insulin responses 
[47].

Several mechanisms by which FS might cause depres-
sion have been proposed. Thus, a diet rich in saturated fat 
and refined sugar decreases BDNF in rats [22]. Decreased 
circulating BDNF has been linked to depression in humans 
and significantly higher BDNF levels are found after anti-
depressant treatment in a meta-analysis [48]. Furthermore, 
addiction-like effects have been described for sugar in rats 
with signs of behavioral depression and anxiety observed 
after sugar withdrawal [24]. These behaviors are related 
to changes in dopamine and opioid receptor binding, as 
well as dopamine and acetylcholine release in the nucleus 
accumbens [24]. Moreover, high glucose consumption might 
contribute to low-grade inflammation [23] which has been 
linked to the development of depression [49].

Strengths and limitations of this study

Strengths of the current study include a large sample size, 
the prospective cohort design, thorough characterization 
of participants, mean follow-up > 12 years, a wide range 
of sugar subtype intake, as well as analyses with penalized 
cubic splines to allow non-linear predictor effects. Limita-
tions include residual confounding, measurement errors 
in the assessment of the exposure variables, and potential 
confounders. Moreover, a “healthy volunteer” selection bias 
is possible since the cohort is not demographically repre-
sentative of the general UK population [50]. However, a 
representative population is not required to define expo-
sure–disease relationships [50]. Furthermore, dietary hab-
its may not be constant over time and a dietary change may 
take time to impact depression. It remains to be elucidated 
how long this dietary change would have to be maintained to 
have a significant effect on mental health. In addition, some 
reverse causation cannot be excluded since a subclinical 
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non-diagnosed depression might already have an impact on 
nutrition patterns including sugar subtype intake. However, 
results are not substantially altered in the landmark analysis. 
Moreover, all consumption data have not been independently 
assessed but self-reported. Since sugar has not been assessed 
in urine samples in UK Biobank participants, our current 
results cannot be confirmed with urinary sugar excretion as 
a biomarker of sugar intake [51].

Conclusions and policy implications

Only some sources of FS are positively associated with 
incident depression. Public health initiatives targeting FS 
subtypes might be most effective concerning depression risk 
if focused on the reduction of sugary beverages and more 
specifically soda/fruit drinks, milk-based drinks, and tea/
coffee. Further prospective studies on sugar subtype intake 
in relation to other disease states including cardiovascular 
disease and cancer are necessary to provide an even more 
definitive conclusion.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00394-​022-​03022-7.

Acknowledgements  This research has been conducted using the UK 
Biobank resource under application number 53438. Data supporting 
the results of this study are available from UK Biobank but restric-
tions apply to the availability of these data, which were used under 
license for application 53438, and so are not publicly available. Data 
are, however, available from the authors upon reasonable request and 
with UK Biobank permission.

Author contributions  AK, SMS, and MF conceived the research and 
wrote the first draft. Statistical analyses were performed by all authors. 
All authors have read, redacted, and approved the final manuscript. AK 
and SMS are the guarantors of the manuscript and accept full respon-
sibility for the work and/or the conduct of the study, had access to the 
data, and controlled the decision to publish. The corresponding author 
attests that all listed authors meet authorship criteria and that no others 
meeting the criteria have been omitted.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This work was supported by the Deutsche Forschungsgemein-
schaft (DFG) (SFB 1052/2 C6) and the Deutsche Diabetes Stiftung to 
MF. The funders had no role in the design, analysis, or writing of this 
article, and the decision to submit.

Data availability  Data supporting the results of this study are available 
from UK Biobank, but restrictions apply to the availability of these 
data, which were used under license for Application 53438, and so are 
not publicly available.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethics approval and consent to participate  The UK Biobank study was 
conducted according to the guidelines of the Declaration of Helsinki 
and approved by the North West–Haydock Research Ethics Committee 

(REC reference: 21/NW/0157). Written informed consent was provided 
by all participants at baseline.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 World Health Organization (2021) Depression: key facts. 
https://​www.​who.​int/​news-​room/​fact-​sheets/​detail/​depre​ssion. 
Accessed 29 Aug 2022

	 2.	 National Institute of Mental Health (2018) Depression. https://​
www.​nimh.​nih.​gov/​health/​topics/​depre​ssion#​part_​2254. 
Accessed 29 Aug 2022

	 3.	 Al-Khatib Y, Akhtar MA, Kanawati MA et al (2022) Depression 
and metabolic syndrome: a narrative review. Cureus 14:e22153. 
https://​doi.​org/​10.​7759/​cureus.​22153

	 4.	 Patsalos O, Keeler J, Schmidt U et al (2021) Diet, obesity, and 
depression: a systematic review. J Pers Med. https://​doi.​org/​10.​
3390/​jpm11​030176

	 5.	 Lassale C, Batty GD, Baghdadli A et al (2019) Healthy dietary 
indices and risk of depressive outcomes: a systematic review 
and meta-analysis of observational studies. Mol Psychiatry 
24:965–986. https://​doi.​org/​10.​1038/​s41380-​018-​0237-8

	 6.	 Gangwisch JE, Hale L, Garcia L et al (2015) High glycemic 
index diet as a risk factor for depression: analyses from the 
Women’s Health Initiative. Am J Clin Nutr 102:454–463. 
https://​doi.​org/​10.​3945/​ajcn.​114.​103846

	 7.	 Rahe C, Unrath M, Berger K (2014) Dietary patterns and the 
risk of depression in adults: a systematic review of observa-
tional studies. Eur J Nutr 53:997–1013. https://​doi.​org/​10.​1007/​
s00394-​014-​0652-9

	 8.	 Foster GD, Wyatt HR, Hill JO et al (2010) Weight and metabolic 
outcomes after 2 years on a low-carbohydrate versus low-fat 
diet: a randomized trial. Ann Intern Med 153:147–157. https://​
doi.​org/​10.​7326/​0003-​4819-​153-3-​20100​8030-​00005

	 9.	 Shai I, Schwarzfuchs D, Henkin Y et al (2008) Weight loss with 
a low-carbohydrate, mediterranean, or low-fat diet. N Engl J 
Med 359:229–241. https://​doi.​org/​10.​1056/​NEJMo​a0708​681

	10.	 Norwitz NG, Dalai SS, Palmer CM (2020) Ketogenic diet as a 
metabolic treatment for mental illness. Curr Opin Endocrinol 
Diabetes Obes 27:269–274. https://​doi.​org/​10.​1097/​MED.​00000​
00000​000564

	11.	 Halyburton AK, Brinkworth GD, Wilson CJ et al (2007) Low- 
and high-carbohydrate weight-loss diets have similar effects on 
mood but not cognitive performance. Am J Clin Nutr 86:580–
587. https://​doi.​org/​10.​1093/​ajcn/​86.3.​580

	12.	 Barber TM, Hanson P, Kabisch S et al (2021) The low-carbo-
hydrate diet: short-term metabolic efficacy versus longer-term 
limitations. Nutrients. https://​doi.​org/​10.​3390/​nu130​41187

	13.	 Te Morenga L, Mallard S, Mann J (2012) Dietary sug-
ars and body weight: systematic review and meta-analyses 

https://doi.org/10.1007/s00394-022-03022-7
http://creativecommons.org/licenses/by/4.0/
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.nimh.nih.gov/health/topics/depression#part_2254
https://www.nimh.nih.gov/health/topics/depression#part_2254
https://doi.org/10.7759/cureus.22153
https://doi.org/10.3390/jpm11030176
https://doi.org/10.3390/jpm11030176
https://doi.org/10.1038/s41380-018-0237-8
https://doi.org/10.3945/ajcn.114.103846
https://doi.org/10.1007/s00394-014-0652-9
https://doi.org/10.1007/s00394-014-0652-9
https://doi.org/10.7326/0003-4819-153-3-201008030-00005
https://doi.org/10.7326/0003-4819-153-3-201008030-00005
https://doi.org/10.1056/NEJMoa0708681
https://doi.org/10.1097/MED.0000000000000564
https://doi.org/10.1097/MED.0000000000000564
https://doi.org/10.1093/ajcn/86.3.580
https://doi.org/10.3390/nu13041187


737European Journal of Nutrition (2023) 62:727–738	

1 3

of randomised controlled trials and cohort studies. BMJ 
346:e7492. https://​doi.​org/​10.​1136/​bmj.​e7492

	14.	 Lee AK, Chowdhury R, Welsh JA (2015) Sugars and adiposity: 
the long-term effects of consuming added and naturally occur-
ring sugars in foods and in beverages. Obes Sci Pract 1:41–49. 
https://​doi.​org/​10.​1002/​osp4.7

	15.	 European Food Safety Authority (2010) Scientific opinion on 
dietary reference values for carbohydrates and dietary fibre. 
EFSA J 8:1462. https://​doi.​org/​10.​2903/j.​efsa.​2010.​1462

	16.	 World Health Organization (2015) Guideline: sugars intake for 
adults and children. https://​www.​who.​int/​publi​catio​ns/i/​item/​
97892​41549​028. Accessed 29 Aug 2022

	17.	 NHS (2020) Sugar: the facts. https://​www.​nhs.​uk/​live-​well/​eat-​
well/​how-​does-​sugar-​in-​our-​diet-​affect-​our-​health/. Accessed 29 
Aug 2022

	18.	 Sanchez-Villegas A, Zazpe I, Santiago S et al (2018) Added sugars 
and sugar-sweetened beverage consumption, dietary carbohydrate 
index and depression risk in the Seguimiento Universidad de Nav-
arra (SUN) Project. Br J Nutr 119:211–221. https://​doi.​org/​10.​
1017/​S0007​11451​70033​61

	19.	 Guo X, Park Y, Freedman ND et al (2014) Sweetened beverages, 
coffee, and tea and depression risk among older US adults. PLoS 
ONE 9:e94715. https://​doi.​org/​10.​1371/​journ​al.​pone.​00947​15

	20.	 Kashino I, Kochi T, Imamura F et al (2021) Prospective associa-
tion of soft drink consumption with depressive symptoms. Nutri-
tion 81:110860. https://​doi.​org/​10.​1016/j.​nut.​2020.​110860

	21.	 Werneck AO, Schuch FB, Stubbs B et al (2021) Independent and 
combined associations of sugar-sweetened beverage consumption, 
TV viewing, and physical activity with severe depressive symp-
toms among 59,402 adults. Braz J Psychiatry 43:574–583. https://​
doi.​org/​10.​1590/​1516-​4446-​2020-​1073

	22.	 Molteni R, Barnard R, Ying Z et al (2002) A high-fat, refined 
sugar diet reduces hippocampal brain-derived neurotrophic fac-
tor, neuronal plasticity, and learning. Neuroscience 112:803–814. 
https://​doi.​org/​10.​1016/​S0306-​4522(02)​00123-9

	23.	 Calder PC, Ahluwalia N, Brouns F et al (2011) Dietary factors and 
low-grade inflammation in relation to overweight and obesity. Br 
J Nutr 106(Suppl 3):S5-78. https://​doi.​org/​10.​1017/​S0007​11451​
10054​60

	24.	 Avena NM, Rada P, Hoebel BG (2008) Evidence for sugar addic-
tion: behavioral and neurochemical effects of intermittent, exces-
sive sugar intake. Neurosci Biobehav Rev 32:20–39. https://​doi.​
org/​10.​1016/j.​neubi​orev.​2007.​04.​019

	25.	 UK Biobank (2007) UK Biobank: Protocol for a large-scale pro-
spective epidemiological resource. https://​www.​ukbio​bank.​ac.​uk/​
media/​gnkey​h2q/​study-​ratio​nale.​pdf. Accessed 29 Aug 2022

	26.	 Liu B, Young H, Crowe FL et al (2011) Development and evalu-
ation of the Oxford WebQ, a low-cost, web-based method for 
assessment of previous 24 h dietary intakes in large-scale pro-
spective studies. Public Health Nutr 14:1998–2005. https://​doi.​
org/​10.​1017/​S1368​98001​10009​42

	27.	 Behrendt I, Eichner G, Fasshauer M (2020) Association of anti-
oxidants use with all-cause and cause-specific mortality: a pro-
spective study of the UK Biobank. Antioxidants (Basel) 9:1287. 
https://​doi.​org/​10.​3390/​antio​x9121​287

	28.	 Behrendt I, Fasshauer M, Eichner G (2021) Gluten intake and 
metabolic health: conflicting findings from the UK Biobank. Eur J 
Nutr 60:1547–1559. https://​doi.​org/​10.​1007/​s00394-​020-​02351-9

	29.	 MRC Human Nutrition Research (2017) Food Standards 
Agency Standard Recipes Database, 1992–2012. [data col-
lection]. UK Data Service. SN: 8159. https://​doi.​org/​10.​5255/​
UKDA-​SN-​8159-1

	30.	 Wanselius J, Axelsson C, Moraeus L et al (2019) Procedure to 
estimate added and free sugars in food items from the Swedish 
food composition database used in the national dietary survey 

Riksmaten adolescents 2016–17. Nutrients. https://​doi.​org/​10.​
3390/​nu110​61342

	31.	 Food Standards Agency (2002) Food portion sizes, 3rd edn. 
H.M.S.O, London

	32.	 Willett WC, Howe GR, Kushi LH (1997) Adjustment for 
total energy intake in epidemiologic studies. Am J Clin Nutr 
65:1220S-1228S. https://​doi.​org/​10.​1093/​ajcn/​65.4.​1220S (dis-
cussion 1229S–1231S)

	33.	 UK Biobank (2019) First occurrence of health outcomes defined 
by 3-character ICD10 code. https://​bioba​nk.​ndph.​ox.​ac.​uk/​showc​
ase/​showc​ase/​docs/​first_​occur​rences_​outco​mes.​pdf. Accessed 29 
Aug 2022

	34.	 R Core Team (2021) R: a language and environment for statistical 
computing. https://​www.r-​proje​ct.​org. Accessed 29 Aug 2022

	35.	 Schaefer SM, Kaiser A, Behrendt I et al (2022) Association of 
alcohol types, coffee and tea intake with mortality: prospective 
cohort study of UK Biobank participants. Br J Nutr. https://​doi.​
org/​10.​1017/​S0007​11452​20004​0X

	36.	 Schaefer SM, Kaiser A, Behrendt I et  al (2022) Association 
of alcohol types, coffee, and tea intake with risk of dementia: 
prospective cohort study of UK biobank participants. Brain Sci 
12:360. https://​doi.​org/​10.​3390/​brain​sci12​030360

	37.	 Anderson JJ, Gray SR, Welsh P et al (2020) The associations of 
sugar-sweetened, artificially sweetened and naturally sweet juices 
with all-cause mortality in 198,285 UK Biobank participants: a 
prospective cohort study. BMC Med 18:97. https://​doi.​org/​10.​
1186/​s12916-​020-​01554-5

	38.	 Henry CJK (2005) Basal metabolic rate studies in humans: meas-
urement and development of new equations. Public Health Nutr 
8:1133–1152. https://​doi.​org/​10.​1079/​phn20​05801

	39.	 Amoutzopoulos B, Steer T, Roberts C et al (2020) Free and added 
sugar consumption and adherence to guidelines: the UK national 
diet and nutrition survey (2014/15–2015/16). Nutrients. https://​
doi.​org/​10.​3390/​nu120​20393

	40.	 Knüppel A, Shipley MJ, Llewellyn CH et al (2017) Sugar intake 
from sweet food and beverages, common mental disorder and 
depression: prospective findings from the Whitehall II study. Sci 
Rep 7:6287. https://​doi.​org/​10.​1038/​s41598-​017-​05649-7

	41.	 Saghafian F, Malmir H, Saneei P et al (2018) Fruit and vegetable 
consumption and risk of depression: accumulative evidence from 
an updated systematic review and meta-analysis of epidemiologi-
cal studies. Br J Nutr 119:1087–1101. https://​doi.​org/​10.​1017/​
S0007​11451​80006​97

	42.	 Park M, Choi J, Lee H-J (2020) Flavonoid-rich orange juice intake 
and altered gut microbiome in young adults with depressive symp-
tom: a randomized controlled study. Nutrients. https://​doi.​org/​10.​
3390/​nu120​61815

	43.	 Sánchez-Villegas A, Toledo E, de Irala J et al (2012) Fast-food and 
commercial baked goods consumption and the risk of depression. 
Public Health Nutr 15:424–432. https://​doi.​org/​10.​1017/​S1368​
98001​10018​56

	44.	 Shimmura N, Nanri A, Kashino I et al (2021) Prospective asso-
ciation of confectionery intake with depressive symptoms among 
Japanese workers: the Furukawa Nutrition and Health Study. Br J 
Nutr. https://​doi.​org/​10.​1017/​S0007​11452​10030​56

	45.	 Achour L, Méance S, Briend A (2001) Comparison of gastric 
emptying of a solid and a liquid nutritional rehabilitation food. 
Eur J Clin Nutr 55:769–772. https://​doi.​org/​10.​1038/​sj.​ejcn.​16012​
21

	46.	 Salari-Moghaddam A, Saneei P, Larijani B et al (2019) Glycemic 
index, glycemic load, and depression: a systematic review and 
meta-analysis. Eur J Clin Nutr 73:356–365. https://​doi.​org/​10.​
1038/​s41430-​018-​0258-z

	47.	 Ranawana V, Henry CJK (2011) Liquid and solid carbohydrate 
foods: comparative effects on glycemic and insulin responses, and 

https://doi.org/10.1136/bmj.e7492
https://doi.org/10.1002/osp4.7
https://doi.org/10.2903/j.efsa.2010.1462
https://www.who.int/publications/i/item/9789241549028
https://www.who.int/publications/i/item/9789241549028
https://www.nhs.uk/live-well/eat-well/how-does-sugar-in-our-diet-affect-our-health/
https://www.nhs.uk/live-well/eat-well/how-does-sugar-in-our-diet-affect-our-health/
https://doi.org/10.1017/S0007114517003361
https://doi.org/10.1017/S0007114517003361
https://doi.org/10.1371/journal.pone.0094715
https://doi.org/10.1016/j.nut.2020.110860
https://doi.org/10.1590/1516-4446-2020-1073
https://doi.org/10.1590/1516-4446-2020-1073
https://doi.org/10.1016/S0306-4522(02)00123-9
https://doi.org/10.1017/S0007114511005460
https://doi.org/10.1017/S0007114511005460
https://doi.org/10.1016/j.neubiorev.2007.04.019
https://doi.org/10.1016/j.neubiorev.2007.04.019
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
https://doi.org/10.1017/S1368980011000942
https://doi.org/10.1017/S1368980011000942
https://doi.org/10.3390/antiox9121287
https://doi.org/10.1007/s00394-020-02351-9
https://doi.org/10.5255/UKDA-SN-8159-1
https://doi.org/10.5255/UKDA-SN-8159-1
https://doi.org/10.3390/nu11061342
https://doi.org/10.3390/nu11061342
https://doi.org/10.1093/ajcn/65.4.1220S
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/first_occurrences_outcomes.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/first_occurrences_outcomes.pdf
https://www.r-project.org
https://doi.org/10.1017/S000711452200040X
https://doi.org/10.1017/S000711452200040X
https://doi.org/10.3390/brainsci12030360
https://doi.org/10.1186/s12916-020-01554-5
https://doi.org/10.1186/s12916-020-01554-5
https://doi.org/10.1079/phn2005801
https://doi.org/10.3390/nu12020393
https://doi.org/10.3390/nu12020393
https://doi.org/10.1038/s41598-017-05649-7
https://doi.org/10.1017/S0007114518000697
https://doi.org/10.1017/S0007114518000697
https://doi.org/10.3390/nu12061815
https://doi.org/10.3390/nu12061815
https://doi.org/10.1017/S1368980011001856
https://doi.org/10.1017/S1368980011001856
https://doi.org/10.1017/S0007114521003056
https://doi.org/10.1038/sj.ejcn.1601221
https://doi.org/10.1038/sj.ejcn.1601221
https://doi.org/10.1038/s41430-018-0258-z
https://doi.org/10.1038/s41430-018-0258-z


738	 European Journal of Nutrition (2023) 62:727–738

1 3

satiety. Int J Food Sci Nutr 62:71–81. https://​doi.​org/​10.​3109/​
09637​486.​2010.​520011

	48.	 Sen S, Duman R, Sanacora G (2008) Serum brain-derived neuro-
trophic factor, depression, and antidepressant medications: meta-
analyses and implications. Biol Psychiatry 64:527–532. https://​
doi.​org/​10.​1016/j.​biops​ych.​2008.​05.​005

	49.	 Osimo EF, Baxter LJ, Lewis G et al (2019) Prevalence of low-
grade inflammation in depression: a systematic review and meta-
analysis of CRP levels. Psychol Med 49:1958–1970. https://​doi.​
org/​10.​1017/​S0033​29171​90014​54

	50.	 Fry A, Littlejohns TJ, Sudlow C et al (2017) Comparison of soci-
odemographic and health-related characteristics of UK Biobank 
participants with those of the general population. Am J Epidemiol 
186:1026–1034. https://​doi.​org/​10.​1093/​aje/​kwx246

	51.	 Tasevska N (2015) Urinary sugars–a biomarker of total sugars 
intake. Nutrients 7:5816–5833. https://​doi.​org/​10.​3390/​nu707​
5255

https://doi.org/10.3109/09637486.2010.520011
https://doi.org/10.3109/09637486.2010.520011
https://doi.org/10.1016/j.biopsych.2008.05.005
https://doi.org/10.1016/j.biopsych.2008.05.005
https://doi.org/10.1017/S0033291719001454
https://doi.org/10.1017/S0033291719001454
https://doi.org/10.1093/aje/kwx246
https://doi.org/10.3390/nu7075255
https://doi.org/10.3390/nu7075255

	Association of sugar intake from different sources with incident depression in the prospective cohort of UK Biobank participants
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study and participants
	Exposure assessment
	Outcome assessment
	Statistical analyses

	Results
	Baseline data of UK Biobank participants
	FS versus intrinsic sugars
	FS in beverages versus FS in solids
	FS in beverage subtypes
	FS in solids subtypes

	Discussion
	Principal findings
	Comparison with other studies
	Strengths and limitations of this study
	Conclusions and policy implications

	Acknowledgements 
	References




