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Abstract
Using ambulatory assessment, the current study investigated the dynamic impact of stress on negative emotions in daily life and explored the mediating role of 
rumination in this relationship. A total of 100 college students were recruited and reported their perceived stress, current ruminative thinking and negative emotions 
(including anxiety, depression, and anger) 5 times a day for 7 consecutive days. Mixed model analyses indicated that the higher level of stress at the current time 
predicted increased negative emotions at the next time including depression, anger and anxiety. At within-person level, rumination significantly mediated the 
relationship of stress to depression, anger, and anxiety. At between-person level, overall rumination significantly mediated the relationship between stress and angry. 
Findings suggested that people who perceived higher level stress may report more rumination, which in turn may lead to increases in negative emotions.
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Introduction
Individuals may encounter a variety of stress events in daily life. 

If those events are disposed inappropriately, there will be a high 
probability of producing a series of negative consequences. Findings 
from previous studies have shown that psychological stress responses 
often include negative emotions. In other words, people experience 
a complex array of negative emotions, such as depression, anxiety, 
anger, and distress during real-life stressful events [1-3]. Those 
negative emotions may potentially lead to poorer health outcomes and 
subsequent increased risk of complications [4], a decreased quality of 
life [5], and increased health care usage [6].

Many studies have discussed the relationship between stress and 
negative emotions. However, understanding the mechanisms of stress 
associated with negative emotions is critical, as it has the potential 
to provide an opportunity for those in stress to reduce their negative 
emotions. The current study aims to investigate the association between 
stress and negative emotions in a daily-life context, and further to 
explore the potential mechanism by considering the role of rumination.

Stress and Negative Emotions

Stress is defined as a relationship between individuals and 
environment that is appraised as personally significant and as taxing 
or exceeding resources for coping [7]. According to Stress and coping 
theory [8] a framework is provided to testing hypotheses about the 
stress process and its relation to physical and mental health. Certain 
emotions like anger, shame, and anxiety usually arise from stress, 
which refers to harmful, threatening, or challenging conditions, 
showing a relationship between stress and emotion. Based on Lazarus 
and Folkman’s theory [8], stress and emotion depend on how an 
individual evaluates (appraises) transactions with the environments. 
During the appraisal, when people find something significant to self is 
uncontrollable, they tend to feel high levels of stress. 

In terms of the relationship between stress and negative emotions, 
researchers have reached a consensus that they are closely associated 
with each other. For instance, some researchers found that depression 

is a form of stress response [9-10]. Fiedler, et al. [11] found that 
stress can positively predict anxiety symptoms. What’s more, a study 
on 5236 college students found that the higher level of stress on 
learning, interpersonal relationship and other issues they are facing, 
the more likely they are to show angry emotions. Another study on 
939 American teenagers also reported that individuals’ perceived stress 
positively predicts their anger, which in turn affects their misbehavior, 
such as substance use [12]. Also, the perceived stress in cancer patients 
indicated a significant positive correlation to anger and depression [13].

However, most of previous studies have used questionnaires as 
measure method. Retrospective and heuristic biases of traditional 
assessment instruments are known to systematically distort 
recollections of past experiences and events. To minimize them, 
Ambulatory Assessment (AA) was recently raised. AA is a method 
used to repeated sampling of thoughts, feelings, or behaviors as close in 
time to the experience as possible in the naturalistic environment [14]. 
It can provide real-time (or near real-time) assessments and create 
more stable estimates of phenomena that fluctuate over time compared 
to single time-point measurement [15].

As mentioned above, appraisals in stress process generate emotions 
that vary in quality and intensity, and numerous studies proved the 
association between stress and negative emotions. However, few 
of them examined the cognitive style as the mechanism in this 
relationship. Rumination, as one of the most typical negative cognitive 
styles, will be explored to investigate its role in the relationship between 
stress and negative emotions.
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Rumination and Negative Emotions

Rumination has evolved as a construct of growing interest among 
researchers over the past decades. Fritz [16] defined rumination as the 
thinking about distressing experiences, the searching for the meaning of 
negative events and the thinking about what can be done to change the 
situation in relation to negative events. Rumination has been described 
as having both state and trait components [17,18]. The current study 
pays attention to its state component, which means focusing on current 
feelings and negative thoughts. 

As part of Response Styles Theory, rumination is considered as 
a cognitive style associated with negative, chronic, and persistent 
thoughts about threats to the self. Within this theory, ruminative 
thinking is a pattern that individual’s attention, thoughts, and behaviors 
are focused on the negative emotional state [19]. Researchers found 
when rumination was partly inhibited, the perceived distress may also 
be decreased [20]. Therefore, rumination is a vital factor that cause 
negative emotions.

According to Broderick [21], rumination aggravates depression 
and other negative affective states. Still other studies examining 
rumination in individuals supported this conclusion and demonstrated 
rumination to be a risk factor for depression [22-24]. Previous studies 
also found that rumination increased anger [25,26]and predicted 
anxiety symptoms [27]. In addition, Muris, et al. [28] found the results 
indicated that rumination was positively linked to both anxiety and 
depression. Therefore, rumination can be considered as a probable 
mechanism for the development of negative emotions.

Stress and Rumination

It is demonstrated by Nolen-Hoeksema, et al. [19] that rumination 
in response to stress is associated concurrently with depressive 
symptoms. Many researchers believed that information processing 
impairments contribute to ruminative tendencies [29-31], when 
individuals encounter of stress, cognitive control impairments may 
contribute to higher levels of rumination. Another study has similar 
conclusion that rumination is a common response to stress in 
adolescence [32]. In an experimental study, Smith and Alloy found 
that individuals’ rumination was reactive to their perceived stress [33].

The Current Study

Since rumination is a main indicator of negative emotions and 
can also be predicted by stress, it is probable that rumination acts as a 
mediator in the relationship between stress and negative emotion. This 
mediation model will be tested in the current study. Individuals with 
higher perceived stress may have more rumination and more negative 
emotions in daily life, and more rumination would predict increased 
negative emotional responses.

As mentioned above, to eliminate the retrospective and heuristic 
biases of self-report questionnaires and investigate the dynamic relations 
between different variables, we adopted AA to gather individuals’ data 
of stress, rumination, and negative emotions. In line with previous 
research and theory, we predicted that stress and negative emotions 
would be associated over time. We hypothesized that (1) stress at time t 
predicts subsequent state negative emotions at time t+1 in daily life, (2) 
state rumination is positively associated with state negative emotions at 
time t, and (3) rumination is a mediator of the association between the 
relationship of stress and negative emotions at both within-person and 
between-person levels. 

Materials and Methods
Participants

All participants were recruited from a Chinese university in 
this study. Recruitment was conducted through advertising in the 
university. A total of 100 students completed the study with an average 
age of 20.64 years (SD=2.79). Forty-five of them (45%) were male. Of 
these, 86 percent (N=86) were undergraduate students, 14 percent 
(N=14) were postgraduate students. None of the participants reported 
any history of mental disorders. 

Procedures

The participants were requested to attend a laboratory session after 
agreeing to participate in the study, in order to know the study process 
detailed. The survey was programmed based on a stratified interval 
scheme. Participants were required to complete a questionnaire, 
which measured the stress, rumination, and negative emotions (i.e., 
depression, anger, and anxiety), five times a day (at 9 am, 11 am, 3:00 
pm, 5:00 pm and 8:00 pm) lasting one week. The questionnaire that 
accessed via a web link was sent to the participants’ WeChat (a popular 
Chinese social media and messaging platform) by the researchers at 
scheduled times every day. The participants were required to complete 
the questionnaire within one hour after they received the link on the 
WeChat. The participants who completed the one-week assessment 
would get 10 RMB.      

Measures
Stress

Stress was assessed by two questions: “Do you feel nervous and 
stress at the moment?”, and “Do you have the feeling that you can’t 
control the important things in your life?”. Item was rated on a 7-point 
Likert scale ranging from 0 (“not at all”) to 6 (“very much so”). Higher 
score indicates higher level of stress. Items assessed one’s feeling of 
stress at that moment. The questionnaire had good internal consistency 
reliability in the current ample, with a Cronbach’s alpha of 0.81.

Rumination

Rumination was assessed by an item: “I’m recalling all my 
shortcomings, failures and the things that I did wrong”. Item was rated 
on a 7-point Likert scale ranging from 0 (“not at all”) to 6 (“very much 
so”). Higher score indicates stronger ruminative tendencies. This item 
indicated the attention focused on one’s momentary problems.    

Negative Emotions

Negative emotions were assessed with three items assessing 
depression, anger, and anxiety respectively (e.g. “Do you feel angry at 
the moment?”). Items were rated on a 7-point Likert scale ranging from 
0 (“not at all”) to 6 (“very much so”). Higher scores indicate high level 
of negative affect. The questionnaire had good internal consistency 
reliability in the current ample, with a Cronbach’s alpha of 0.87.

Data Analysis 

To investigate the relationships among stress, rumination and 
negative emotions, the HLM 7.0 was used to analyze the data. Given 
that a traditional Hierarchical Linear Models (HLM)-based approach 
to test multilevel mediation is prone to confound within-group 
mediation effects with between-group mediation effects, we followed 
Zhang, et al.’s [34] multilevel mediation approach of “centered within 
context with reintroduction of the subtracted means,” also called CWC 
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(M), to test the mediation hypotheses. All the variables in this study 
were measured at level 1 (within-person), therefore we analyzed the 
association between stress, rumination, and negative emotion (i.e., 
depression, anger, and anxiety) by testing 1-1-1 multilevel model. 
According to 1-1-1 CWC (M) approach, we test the multilevel model 
in 3steps. The first step tested the association between stress and 
negative emotion (e.g., anger score) by group-mean centering the stress 
(centered at each person’s mean to ensure that it featured within-person 
fluctuations instead of between-person differences) and including the 
group mean of stress as a control variable in the Level 2 equation.

MODEL 1

Level 1:

NE-(t+1)i = π0i + π1i
*(STRESSti) + eti                          (1)

Level 2:

π0i = b00+ b01
*(STRESS.i) + u0i

π1i = b10                                                    (2)

The testing of predictions of stress for negative emotions (i.e., 
depression, anger, and anxiety) was divided into two levels. The level 
1 was the prediction of STRESSti for NE-(t+1)i. STRESSti refers to the 
momentary stress of a person i at time t. NE-(t+1)i refers to the momentary 
negative emotion of a person i at time t+1, which was created on 
the basis of NEti indicating the next time (t+1) momentary negative 
emotion of person i. As noted in the model, NE-(t+1)i was predicted 
by the coefficient b10 of the STRESSti. The level 2 was the prediction 
of STRESSi (the average level of each individual’s stress) for negative 
emotions. The coefficient b01 indicated the level of individual’s overall 
stress predicting negative emotions. The error terms eti and u0i captured 
the residual variances at Level 1 and Level 2, respectively.

The second step examined the association between stress and 
rumination by group-mean centering the stress and including the 
group mean of stress in the equation at level 2.

MODEL 2

Level 1:

RUMINATION(t+1)i = π0i + π1i
*(STRESSti) + eti                                  (3)

Level 2:

π0i = b00+ b01
*(STRESS.i) + u0i

π1i = b10                                                           (4)

The examining of predictions of stress for rumination was also 
divided into two levels: the predicting of stress at time t for rumination 
at time t+1 and the predicting of overall stress for rumination.

The third step tested the mediating effect of rumination between 
stress and negative emotions by group-mean centering the stress 
and rumination, as well as adding the group means of the stress and 
rumination in the equation at level 2.

MODEL 3

Level 1:

NE(t+1)i = π0i + π1i
*( STRESSti) + π2i

*( RUMINATION(t+1)i) + eti          (5)

Level 2:

π0i = b00+ b01
*(RUMINATION.i) + b02

*(STRESS-i) + u0i

π1i = b10 

π2i = b20                                                                   (6)

In the model 3, the coefficient b01 indicated the prediction of overall 
rumination for negative emotions and the coefficient b02 indicated the 
prediction of overall stress for negative emotions by controlling the 
prediction of overall rumination for negative emotions. The coefficient 
b10 represented the predication of stress at time t for negative emotions 
at time t+1 and b20 represented the prediction of rumination at time 
t+1 for negative emotions at time t+1, which investigates the dynamic 
relationships between stress, rumination and negative emotions.

Results
There were 100 students participating in the research. Each 

participantas required to send the feedback five times a day lasting one 
week. Therefore, there should be 2500 responses in total. As a result, we 
received 3177 valid feedback (90.77%), which means each participant 
responded 31.77 times on average.

The results of the analysis (Model 1 and Model 3) are showed in 
Table 1. As showed in Table 1, we found that at level 1 in model 1, the 
higher level of stress at the current time predicted increased negative 
emotions - depression, anger and anxiety - at the next time. At level 2, 
people who generally had higher level of stress were more possible to 
experience negative emotions in daily life, all of the depression, anger 
and anxiety.

The results of Model 2 at level 1 indicated that the higher level 
of stress at the current time can significantly predict higher level of 
rumination at the next time (b10 = 0.032, SE = 0.016, p < 0.05). At level 
2, the results showed that people who generally had higher level of stress 
tended to ruminate in daily life (b01 = 0.334, SE = 0.040, p < 0.001). 

At last, the results of Model 3 showed in Table 1 indicated that 
rumination significantly mediated the relationship between stress and 
negative emotions. At level 1, people who had higher level of stress 
at the current time would experience higher rumination at the next 
time, and then experience more negative emotions (depression, anger, 
and anxiety). In other words, rumination mediated the relationship 
between stress and negative emotions dynamically. At level 2, the 
results showed that the individuals’ overall rumination significantly 
mediated the relationship between overall stress and negative emotion 
(anger only) (b01 = 0.272, SE = 0.123, p < 0.05). 

Discussion
In the current study, we investigate the associations between 

perceived haze, stress, and negative emotions in the daily life of college 
students in China. Consistent with previous studies, our findings 
showed that stress is positively associated with negative emotions 
[35,36] as well as rumination [37,38]. 

Additionally, we innovatively explored the predict relationship 
in a moment by moment view. Within-person model illustrated the 
dynamic influence that the higher level of stress at the current time 
predicted increased negative emotions - depression, anger and anxiety 
- at the next time. Besides, we found that people’s momentary thinking 
of rumination positively predicted their experiences of next point 
negative emotions. More importantly, we found that rumination 
significantly mediated the relationship between stress and negative 
emotions in the two-time-point dynamic process. That is, the higher 
level of stress experienced, the higher level of rumination, which in 
turn predicted higher degree of negative emotions experienced. This 
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pattern of finding may reflect an adoption of the emotion-focused 
strategy (refers to the thoughts and actions people use to manage 
distress) to cope with the stress [39]. Most previous studies considered 
the stress coping at a between-person level, while the current study 
profoundly revealed the dynamic regulations about how rumination 
covaries with stress and negative emotions at a within-person, which 
can improve and contribute to Lazarus and Folkman’s [8] theory from 
a more specific context with high ecological validity.

Moreover, the between-person level analyses revealed that the 
moderating effect of overall rumination in the relationship between 
overall stress and anger was significant. One explanation for the 
mediating effect is that people predisposed toward rumination 
allocate more attention to provocations, and thus, cause greater anger. 
Additionally, rumination maintains physiological activation (e.g., 
cardiovascular recovery) and emotional arousal [40] in response to 
stressors. These may be the reason why rumination can increase and 
maintain anger. There is another possibility, as the network models 
Miller, Pedersen, Earleywine, and Pollock [40] suggested, repetitive 
provocations maintain the anger-related activation networks over 
time, and then the angry maintained.

However, the mediating effect of overall rumination in the 
relationship between overall stress and depression and anxiety is not 
significant. The reason of the non-significant results may be that the 
predictive relationship between stress and anxiety and depression 
is already strong. Additionally, the repeated reflection on negative 
experiences may also lead to some positive understanding which may 
cause decreases in anxiety and depression. Finally, the participants 
are healthy college students, and they may have relatively low level of 
depression and anxiety.

The findings had significant implications for theories that 
attempted to explain the relationship between stress and negative 
emotion via rumination. First, this study was the first to used AA 
to investigate the relationship between stress at one time point and 
negative emotion at the next time point via rumination. Second, the 
current findings, which derived from more naturalistic and repeated 
measurements, provided complementary and persuasive evidence to 
the existing research. Finally, the current findings can also be effectively 
applied to mental health awareness programs in daily life contexts, to 
help high level stress people reduce negative emotions and maintain 
psychological health.

This study has some limitations that can be addressed in future 
research. First, the generalization of study should be cautious since 
our sample comprised only healthy college students in China. Second, 
this study has only examined the role of rumination as one potential 
mediator of the association between stress and negative emotions, the 
mechanisms underlying this association may be complicated. Future 
research should consider a number of other potential mediators of the 
above-mentioned association. 

In conclusion, this study used ambulatory assessment to investigate 
one’s level of rumination was one driver behind the relationship 
between perceived stress and experience of negative emotions in daily 
life. These results might help future research to explore whether these 
programs help people notice and stop rumination before it exacerbates 
negative moods.
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