
Vol.:(0123456789)1 3

Eur J Nutr (2018) 57:2621–2628 
https://doi.org/10.1007/s00394-017-1532-x

ORIGINAL CONTRIBUTION

Habitual yoghurt consumption and depressive symptoms 
in a general population study of 19,596 adults

Bin Yu1,3,4 · Qi Zhu1 · Ge Meng1 · Yeqing Gu1 · Qing Zhang2 · Li Liu2 · Hongmei Wu1 · Yang Xia1 · Xue Bao1 · 
Hongbin Shi2 · Qian Su1 · Liyun Fang1 · Fei Yu1 · Huijun Yang1 · Shaomei Sun2 · Xing Wang2 · Ming Zhou2 · 
Qiyu Jia2 · Qi Guo5 · Kun Song2 · Andrew Steptoe3 · Kaijun Niu1,2 

Received: 11 January 2017 / Accepted: 21 August 2017 / Published online: 30 August 2017 
© Springer-Verlag GmbH Germany 2017

1.02 (0.91, 1.15), and 2.10 (1.61, 2.73) in comparison with 
lowest consumption group (<once/week or hardly ever).
Conclusions  These findings suggest no significant asso-
ciation between habitual yoghurt consumption and self-
reported depressive symptoms, while the relatively high 
frequency of yoghurt consumption (≥twice/day), which 
was seen in a small subset of subjects, was associated with 
increased depressive symptoms. These results need to be 
interpreted with caution because of the cross-sectional 
nature of the data.

Keywords  Yoghurt consumption · Probiotics · 
Depressive symptoms · Cross-sectional study

Introduction

Depression is a major public health problem that is linked 
to disability, premature death, and economic burden [1]. 
There is growing evidence that modifiable lifestyle factors, 
including dietary composition, may play an important role 
in the development of depression [2, 3]. Epidemiological 
studies have shown that certain nutrients such as folate [4], 
as well as zinc [5] and omega-3 fatty acids [6] are related to 
a lower risk of depression. The beneficial effects of certain 
foods (e.g., tomato or nuts) on depressive symptoms have 
also been reported in recent years [7, 8]. It is also thought 
that the gut microbiome contributes to mental health [9], so 
foods influencing gut microbiota may be relevant.

Yoghurt, which is defined by The Codex Standard as 
the product of milk fermentation by Lactobacillus del-
brueckii subspecies bulgaricus and Streptococcus thermo-
philus [10], is recognized as a nutrient-dense food associ-
ated with healthy eating. The consumption of yoghurt may 
induce changes to the balance and metabolic activities of 
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the indigenous microbiota [11, 12]. As a probiotic-carrier 
food, the possible beneficial effects of yoghurt on mental 
health are interesting in view of the growing body of evi-
dence supporting a role of probiotics in regulating the brain 
and subsequent emotional behavior. Preclinical evaluation 
in rodents suggests that manipulation of the gut microbi-
ota with specific probiotics can influence depression-like 
behaviors [13, 14]. Potential mechanisms for these effects 
include decreasing intestinal permeability, reducing gut 
inflammation, reducing stress responses via the hypotha-
lamic–pituitary–adrenal (HPA) axis, restoring BDNF levels, 
and altering GABA receptor expression [15, 16]. Several 
human trials have also found that consumption of probiot-
ics or probiotic-containing milk can improve the mood in 
volunteers [17–19]. A brain imaging study in humans has 
shown that 4 weeks of consuming the fermented milk prod-
uct containing a combination of probiotics reduced brain 
activity in a network of brain areas involved in processing 
negative emotional facial expressions [20]. Another recent 
study found that 24-week intake of probiotic supplementa-
tion combined with a weight-reducing program led to a sig-
nificant decrease in the depression score in female compared 
with the placebo-controlled group [21].

Despite these pieces of preclinical and clinical evidence, 
epidemiological evidence for an association between yoghurt 
consumption and mental health are sparse. Only one pro-
spective cohort study with Spanish adults found that habit-
ual yoghurt consumption was not associated with improved 
health-related quality of life using a measure that included 
mental health [22]. To our knowledge, there are no epide-
miological studies specifically examining the association of 
yoghurt consumption with mental health. The objective of 
this study was, therefore, to examine the association between 
habitual yoghurt consumption and depressive symptoms in 
the general population. Based on the previous evidence, we 
hypothesized a dose–response effect, so that adults who have 
a higher level of yoghurt consumption would experience 
lower levels of depressive symptoms.

Methods

Study participants

This cross-sectional study used data from the Tianjin 
Chronic Low-grade Systemic Inflammation and Health 
(TCLSIH) Cohort. TCLSIH is a large prospective cohort 
study focusing on the relationships between chronic low-
grade systemic inflammation and the health status of a 
population living in Tianjin, China. Information on the 
research design and data collection of the TCLSHI has been 
detailed elsewhere [23]. Study protocols and procedures 
were approved by the Institutional Review Board of Tianjin 

Medical University. Written informed consent was obtained 
from all participants.

During the study period, a total of 22,265 participants 
aged 20 years and older were sampled. We excluded par-
ticipants who did not complete data collection on food fre-
quency questionnaire or depression scale (n = 903), or those 
with a history of cardiovascular disease (n = 1323) or cancer 
(n = 443). Thus, 19,596 participants (mean age 41.2, SD 
11.8 years; males, 54.3%) were included in this analysis.

Measures

Assessment of depressive symptoms

Depressive symptoms were measured using the Chinese ver-
sion of Self-Rating Depression Scale (SDS), which has been 
confirmed as a reliable and valid measure in the Chinese 
population [24]. There are 20 items rated on a four-point 
scale, with half being formulated in positive terms and half 
in negative terms. Summary scores could range from 20 to 
80, with higher values indicating greater depressive symp-
toms. To increase sensitivity, two cutoffs (45 and 50) were 
used to define depressive symptoms in the present study [25, 
26]. Scores higher than these cutoffs are considered to reflect 
a positive screening result. In this study Cronbach’s alpha 
was 0.82.

Assessment of dietary intake

Dietary intake was obtained through a food frequency ques-
tionnaire (FFQ) that includes 100 food items with specified 
serving sizes. The FFQ includes seven frequency categories 
ranging from ‘hardly ever’ to ‘twice or more per day’ for 
foods (including yoghurt and milk) and 8 frequency cat-
egories ranging from ‘hardly ever’ to ‘four or more times 
per day’ for beverages. The average daily nutrients’ intake 
was calculated with a computer program based on Chinese 
Food Composition Table [27]. The reproducibility and valid-
ity of the FFQ were evaluated in a random sample of 150 
participants from our cohort using data from repeated meas-
ure approximately 3 months apart and 4-day weighed diet 
records (WDRs). For example, the correlation coefficient 
for energy intake between two FFQs was 0.68 (p < 0.0001). 
Correlation coefficients for food items (fruits, vegetables, 
fish, meat, and beverages) between two FFQs ranged from 
0.62 to 0.79 (p < 0.0001). Spearman’s rank correlation 
coefficient for energy intake between the WDRs and the 
FFQ was 0.49 (p < 0.001). By combining the information 
obtained from the food frequency response with the food 
composition table, we were also able to compute the mean 
total energy intake for each participant.
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Assessment of other variables

All participants received standardized physical examinations 
at the Health Management Center. Waist circumference was 
measured in standing position at the level of the umbilicus. 
Blood pressure (BP) was measured twice on the upper left 
arm in a sitting position and the average used for analysis. 
Fasting blood sugar (FBS) was measured using the glucose 
oxidase method. Triglycerides (TG) were measured using 
the enzymatic colorimetric method. Low-density lipoprotein 
cholesterol (LDL) and high-density lipoprotein cholesterol 
(HDL) were measured with an autoanalyzer (Roche Cobas 
8000 modular analyzer, Mannheim, Germany). Body mass 
index (BMI) was calculated as weight (kg) divided by height 
(m) in squared. Metabolic syndrome (MetS) was defined 
according to the criteria of the American Heart Association 
Scientific Statement [28].

Sociodemographic variables including sex, age, educa-
tion, occupation, household income, and social connections 
(including marital status, cohabitants, and amount of social 
contact) were also assessed. For education, we classified 
respondents according to whether or not they were college 
graduates, while income was classified into two groups using 
the threshold of 10,000 yuan per month. Occupation was 
classified according to the Chinese Standard Classification 
of Occupations (CSCO) [29] into three groups: Managers, 
Professionals, and others. The frequency of social contact 
was measured by the question, “do you often visit your 
friends?” Previous and current smoking and drinking status 
were assessed by questionnaire. Physical activity (PA) in 
the most recent week was assessed using the short form of 
the International Physical Activity Questionnaire (IPAQ) 
[30]. For evaluation of total PA, separate metabolic equiva-
lent (MET) hours per week were calculated for walking, 
moderate, and vigorous activities according to the following 
formulas: MET coefficient of activity × duration (h) × fre-
quency (day). The corresponding MET coefficients for these 
PA categories were 3.3, 4.0, and 8.0, respectively (one MET 
is defined as metabolic expenditure at rest) [30]. Total PA 
levels were assessed by combining separate scores for dif-
ferent activities.

Statistical analysis

Descriptive data are presented as the means (with 95% 
confidence interval, CI) or percentages. Four categories of 
yoghurt consumption were used to classify the participants: 
<once/week or hardly ever, 1–3 times/week, 4–7 times/
week, and ≥twice/day. Differences in covariates between the 
yoghurt consumption categories were examined by analysis 
of variance for continuous variables or by logistic regres-
sion analysis for categorical variables. Depressive symptoms 
were analyzed as binary variables using the lower (≥45) 

and higher (≥50) cut-off points. Logistic regression mod-
els were fitted to assess the associations between yoghurt 
consumption categories and depressive symptoms, using 
the lowest category of yoghurt consumption (<once/week 
or hardly ever) as the reference group. For all analyses, we 
fitted a crude univariate model (model 1), an age-, sex-, and 
BMI-adjusted model (model 2), and a multivariable model 
(model 3) after additional adjustment for the following 
potential confounders: previous and current smoking and 
drinking status, PA, educational level, employment status, 
household income, cohabitants, amount of social contact, 
marital status, total energy intake, MetS, and frequency of 
milk consumption. The final multivariate logistic analysis 
was performed with the forced entry of all factors considered 
to be potential covariates. The interactions between yoghurt 
consumption and sex for depressive symptoms were tested 
through the addition of the cross-product term to the final 
regression model. All p values for linear trends were cal-
culated using the categories of yoghurt consumption. All p 
values presented are two-tailed and p < 0.05 was considered 
statistically significant. All the statistical analyses were per-
formed using SAS version 9.1.

Results

The mean SDS score was 36.8, with a median of 37.0; 17.1% 
were classified as having moderate-to-severe depressive 
symptoms when using 45 as cutoff, and 6.6% with the higher 
cutoff of 50. The main characteristics of participants accord-
ing to categories of yoghurt consumption are presented in 
Table 1. Approximately 45.1% of the participants reported 
consuming yoghurt less than once per week, while only 
1.5% consumed yoghurt twice a day or more. Compared 
with those in the lower category of yoghurt consumption, the 
higher category of yoghurt consumption included a larger 
proportion of women and participants in this category were 
also younger, had a lower BMI and higher physical activ-
ity, were less likely to be married, more likely to live alone, 
had a higher education level, and were more likely to be 
employed as Managers. Yoghurt consumption was inversely 
related to smoking and alcohol use, and positively associated 
with milk consumption. Mean total energy intake was sig-
nificantly higher across the yoghurt consumption quartiles.

The crude and adjusted association between categories of 
yoghurt consumption and depressive symptoms are shown 
in Table 2. There were no differences on either depres-
sion criterion among participants who rarely ate yoghurt 
and who consumed it 1–3 times or 4–7 times per week. 
However, depressive symptoms were more common in the 
group who consumed yoghurt twice or more per day. In all 
models, there was, therefore, a positive association between 
ORs of the depressive symptom and categories of yoghurt 
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consumption. Taking the cutoff of 45 for example, the crude 
ORs (95% CI) for depressive symptoms across yoghurt cat-
egories were 0.97 (0.90, 1.06), 0.96 (0.86, 1.07), and 2.06 
(1.59, 2.65). These results were similar after adjustment for 
multiple confounding factors, so in the fully adjusted mod-
els, the ORs for depressive symptoms across yoghurt catego-
ries were 1.05 (0.96, 1.15), 1.02 (0.91, 1.15), and 2.10 (1.61, 
2.73). Participants who consumed yoghurt more than twice 

per day had the highest prevalence of depressive symptoms. 
Similar effects were observed when SDS ≥50 was used as 
the definition of depressive symptoms. No significant inter-
action between yoghurt consumption and sex was found 
(SDS ≥50, p for interaction = 0.29). Since depressive sta-
tus is also related to unhealthy eating habits and appetite 
[31, 32], a sensitivity analysis was added by excluding those 
who had very low (under 2.5%) or high (upper 2.5%) energy 

Table 1   Participants characteristics by frequency of yoghurt consumption

BMI body mass index, SDS self-rating depression scale
a Analysis of variance or logistic regression analysis
b Least-square geometric mean (95% confidence interval) (all such values)

Frequency of yoghurt consumption p valuesa

<once/week or hardly 
ever (n = 8840)

1–3 times/week 
(n = 7134)

4–7 times/week 
(n = 3324)

≥twice/day (n = 298)

Age (years) 43.7 (43.4, 43.9)b 38.7 (38.4, 38.9) 39.8 (39.4, 40.2) 41.2 (39.9, 42.5) <0.0001
Sex (males, %) 63.7 49.5 40.4 44.3 <0.0001
BMI (kg/m2) 25 (25, 25.1) 24.3 (24.2, 24.3) 24.1 (24, 24.2) 24.3 (23.8, 24.7) <0.0001
Metabolic syndromes 

(yes, %)
31.3 22.2 20.5 23.2 <0.0001

Physical activity 
(MET × h/week)

9.4 (9.1, 9.6) 9.8 (9.5, 10.1) 11 (10.5, 11.5) 9.9 (8.5, 11.6) <0.0001

Total energy intake (kcal/
day)

1893.4 (1882.4, 1904.5) 2039.1 (2025.8, 2052.4) 2157.1 (2136.6, 2177.8) 2474.0 (2396.4, 2554.2) <0.0001

SDS score 36.1 (35.9, 36.2) 36 (35.8, 36.1) 35.7 (35.5, 36) 38.8 (37.9, 39.8) <0.0001
Smoking status (%)
 Smoker 28.6 17.6 12.8 15.4 <0.0001
 Ex-smoker 7.3 4.5 4.2 5.9 <0.0001
 Non-smoker 64.1 77.9 83.1 78.7 <0.0001

Drinker (%)
 Everyday 7.8 2.9 2.7 4.1 <0.0001
 Sometime 58.6 59.1 54.8 52.0 <0.001
 Ex-drinker 9.1 8.7 9.2 8.1 0.76
 Non-drinker 24.5 29.4 33.3 35.8 <0.0001

Marital status (married, 
%)

90.2 84.3 81.0 78.2 <0.0001

Cohabitants (yes, %) 8.1 9.0 10.5 12.2 <0.0001
Education (≥college 

graduate, %)
57.6 74.2 70.9 66.6 <0.0001

Occupation (%)
 Managers 39.5 45.2 49.1 48.0 <0.0001
 Professionals 18.0 18.2 13.6 13.6 <0.0001
 Other 42.5 36.6 37.3 38.4 <0.0001

Household income 
(≥10,000 Yuan, %)

33.2 35.9 30.5 24.7 0.02

Social contact (yes, %) 60.2 61.9 65.4 61.8 <0.0001
Milk consumption (%)
 <once/week or hardly 

ever
66.3 37.8 35.1 34.9 <0.0001

 1–3 times/week 19.9 43.5 26.4 15.4 <0.0001
 4–7 times/week 13.8 18.6 38.4 49.7 <0.0001
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intake. However, the exclusion of these individuals did not 
change the pattern of results.

Discussion

The aim of this study was to examine the relationship 
between yoghurt consumption and depressive symptoms 
among adults in China. We expected on the basis of animal 
and experimental human studies that more yoghurt con-
sumption would be associated with lower depressive symp-
toms, but this was not found. Habitual yoghurt consumption 
1–3 times per week or 4–7 times per week was not related 
to depressive symptoms, while the small group who con-
sumed yoghurt twice or more per day had the highest risk of 
depressive symptoms. These findings were consistent after 
adjustment for multiple confounding factors.

To our knowledge, this is the first large population study 
of the association between yoghurt consumption and depres-
sive symptoms in adults. The previous animal studies have 
provided abundant evidence to suggest that probiotics can 
modulate the stress response and improve depression and 
anxiety symptoms [13, 14, 16]. This preclinical evidence 
has suggested that modification of microbial ecology, for 
example by supplements or foods containing probiotics, 
may be used therapeutically to modify stress responses and 
symptoms of anxiety and depression in humans [33–35]. As 
a commonly consumed food with a high content of probiot-
ics, yoghurt is a preferred candidate for this role [15, 20, 36]. 

However, human studies directly examining the association 
between yoghurt consumption and mood remain scarce. One 
study found that subjects who initially scored in the low-
est third for depressed mood showed a significant improve-
ment in symptoms after 3-week consumption of a probiotic-
containing yoghurt, while the yoghurt and placebo group 
were unable to make a difference in those with the highest 
baseline mood scores [19]. Another randomized clinical trial 
found that daily administration of a combination of bacteria 
reduced psychological distress to a greater extent in healthy 
volunteers than did placebo [17]. However, it was a probiotic 
formulation (Lactobacillus helveticus R0052 and Bifidobac-
terium longum R0175) rather than yoghurt that has been 
used in this study.

Our study found no significant difference in the ORs for 
the participants who consumed yoghurt not more than once 
per day compared with those whose consumption frequency 
was less than once per week. This is consistent with a previ-
ous population study in Spain, which did not find any ben-
eficial effects of habitual yoghurt consumption on mental 
health [22]. Interestingly, when the frequency of consump-
tion was more than twice a day, the risk of depressive symp-
toms was dramatically increased. Even after multiple adjust-
ments, the ORs for depressive symptoms for this group were 
still 110% higher than in the lowest consumption group.

Since there is still no persuasive evidence for any negative 
impact of probiotics on mental health, a possible explanation 
is that there might be something other than the probiotics 
contained in yoghurt that accounted for this adverse result. 

Table 2   Adjusted relationships of the frequency of yoghurt consumption to depressive symptom

SDS self-rating depression scale, BMI body mass index
a Obtained using multiple logistic regression analysis
b Adjusted odds ratio (95% confidence interval) (all such values)
c Adjusted for age, sex, BMI, smoking status, drinking status, physical activity, marital status, total energy intake, household incomes, occupa-
tions, educational levels, social contact, cohabitants, metabolic syndrome, and milk consumption

Frequency of yoghurt consumption p for trenda

<once/week 
or hardly ever 
(n = 8840)

1–3 times/week (n = 7134) 4–7 times/week (n = 3324) ≥twice/day (n = 298)

No. of depressive symptom 
(SDS ≥45)

1513 1193 549 89

 Crude 1.00 0.97 (0.90, 1.06)b 0.96 (0.86, 1.07) 2.06 (1.59, 2.65) <0.0001
 Age, sex, and BMI-

adjusted
1.00 0.95 (0.87, 1.03) 0.92 (0.82, 1.03) 2.00 (1.54, 2.57) <0.0001

 Mutiple-adjustedc 1.00 1.05 (0.96, 1.15) 1.02 (0.91, 1.15) 2.10 (1.61, 2.73) <0.0001
No. of depressive symptom 

(SDS ≥50)
566 460 230 34

 Crude 1.00 1.01 (0.89, 1.14) 1.09 (0.93, 1.27) 1.88 (1.28, 2.68) 0.014
 Age, sex, and BMI-

adjusted
1.00 1.00 (0.87, 1.14) 1.07 (0.91, 1.25) 1.85 (1.26, 2.64) 0.031

 Mutiple-adjustedc 1.00 1.14 (0.99, 1.31) 1.20 (1.01, 1.43) 1.90 (1.28, 2.75) <0.0001
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The first concern might be the added sugar or sweetener. On 
its own, yoghurt is a low calorie, high nutrient, and protein-
rich food. However, many manufactured yoghurts contain a 
substantial amount of sugar or artificial sweeteners. Sweet-
ened yoghurt used to be listed as one of the foods that con-
tained the most added sugars in the American diet [37], and 
a 150 g (5 oz) serving of some ‘zero fat’ yoghurts can con-
tain as much as 20 g (0.7 oz) of sugar. Epidemiologic studies 
have suggested a positive association between consumption 
of sweets and depressive symptoms [38, 39]. Our previous 
study based on the same population also found that higher 
consumption of soft drinks, which contain a large amount 
of sugar, was related to a higher prevalence of depressive 
symptoms [40]. In the present study, we were unable to 
evaluate sugary and non-sugary yoghurt separately. How-
ever, as we known, most commercial yoghurts in China are 
sugar-sweetened, which would increase the possibility of 
excessive sugar intake through the long-term frequent con-
sumption of yoghurt.

The strength of the study was the large sample size and 
the adjustment for a number of potential confounders. How-
ever, since only a relatively small subset of participants who 
consumed large amounts of yoghurt displayed a higher level 
of depressive symptoms, it should be cautious to draw any 
conclusion about the mental detrimental effects of yoghurt 
consumption. The cross-sectional nature of the study did not 
allow us to determine the direction of causality. An alterna-
tive explanation of current findings might be that high level 
of depression causes increased consumption of yoghurt. 
From the descriptive statistics of the cohort (Table 1), it 
appears that high yoghurt consumption was associated with 
many healthier characteristics such as lower BMI, higher 
levels of physical activity, and less smoking and drinking. 
Yoghurt was traditionally thought to be a nutrient-dense 
milk product with health-promoting effects and is often cat-
egorized as one of the healthiest food choices alongside with 
fruits and vegetables [41]. We cannot exclude the possibility 
that the participants who were already depressed would try 
to eat more “healthy” foods including yoghurt as a form of 
self-medication.

This study has a number of limitations and the results 
should be interpreted with caution. First, depressive symp-
toms were assessed with a self-report questionnaire rather 
than diagnostic psychiatric interviews. Total scores on the 
SDS do not correspond with a clinical diagnosis of depres-
sion but rather indicate the level of depressive symptoms 
that may be of clinical relevance. Therefore, a larger popu-
lation study that uses a standardized comprehensive struc-
tured diagnostic interview should be undertaken to confirm 
the associations with depression. Second, this is a cross-
sectional study, which precludes causality inferences about 
the association. Although we have statistically adjusted for 
many potential confounding factors, we may not have fully 

captured relevant aspects of those factors. Third, if there is 
a mental health effect associated with probiotics contained 
in yoghurt, it would presumably depend on their numbers 
in the product. However, there exist some dairy products on 
Chinese market labeled as yoghurts that are just pasteuriszed 
milk with no active cultures. Furthermore, the ability of the 
probiotic organisms contained in yoghurt to survive and 
multiply in the gastrointestinal tract is also difficult to verify 
in an epidemiological study of this type. Therefore, further 
clinical trials in which probiotics contents are strictly admin-
istered are still required to determine the exact relationship 
between yoghurt consumption and depressive symptoms.

In summary, habitual yoghurt consumption did not show 
an association with improved mental status in this large-
scale study. On the contrary, the small subset of participants 
who had a relatively high frequency of yoghurt consumption 
(≥twice/day) displayed a higher risk of depressive symp-
toms. Thus, caution should be used when recommending 
yoghurt as an adjuvant therapy for symptoms of depression 
in humans. Further prospective studies with long-term fol-
low-up will be necessary to confirm the preliminary findings 
of this study.
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