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Abstract

Objectives
The established between-subjects associations between affect and somatic symptoms 
have often been interpreted as indicating a causal effect of affect on somatic symptoms, 
but it is doubtful whether this is valid. In this study we evaluate the association between 
positive affect (PA), negative affect (NA) and somatic symptoms at both the between- 
and within-subject level.

Design and Methods
Diary data were collected in the context of an online study called “HowNutsAreThe-
Dutch”. Participants filled out an online questionnaire, 3 times a day for 30 consecutive 
days. A mixed linear model was used to test the contemporaneous and lagged associa-
tions between affect and somatic symptoms. 

Results
586 participants (481 females, median age 39.6 years (range 18.1 to 71.4)) were in-
cluded with a total number of 28,264 completed questionnaires. At the between-subjects 
level, a positive association between NA and somatic symptoms was found (B=0.60, 
P<.001), whereas the negative association between PA and somatic symptoms was much 
smaller (B=-0.14, P=.062). At the within-subject level, PA (B=-0.33, P<.001) was more 
strongly associated with somatic symptoms than NA (B=0.13, P<.001). The lagged ana-
lyses showed a negative association between previous-day PA and somatic symptoms 
(B=-0.05, P=0.001).

Conclusions
The results suggest that NA is more important for differences in symptom levels between 
subjects, whereas PA is more important for variations in symptom levels within subjects. 
Moreover, our results suggest that an increase in PA is followed by a decrease in somatic 
symptoms after 24 hours, which suggests a causal effect.
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Introduction

A close relationship exists between mental and physical health1,2. Mental disorders can 
function as precipitating and perpetuating factors in the development or presence of 
somatic symptoms3–5. A positive association between negative affect (NA) and somatic 
symptoms has been found in healthy individuals. Individuals who report more stressful 
events, daily hassles or more negative affect, report more somatic symptoms6,7. Likewise, 
individuals who score high on personality traits associated with more NA, e.g. neuroticism, 
report more somatic symptoms. This association is notably stronger for symptoms in the 
psychosomatic cluster (e.g. nausea, stomach ache, fatigue) than for symptoms associated 
with infectious disease8. Also in patients with diseases with a clear organic origin, affect is 
associated with the level of somatic symptoms. Patients who report higher levels of NA re-
port higher, and patients with higher positive affect (PA) report lower severity of somatic 
symptoms9–11. Little is known about how PA and NA dynamically influence each other, and 
it is more or less assumed that a decrease in NA means that PA increases. However, stud-
ies show that this is not true for all individuals12,13.

In somatoform disorders and functional somatic symptoms (FSS), the association be-
tween mental and physical health is particularly evident. Cross-sectional, epidemiological 
studies show that individuals who suffer from FSS report more stress, stressful life events 
and daily hassles14–17. PA has been shown to be negatively associated with FSS18. Current 
treatments of somatoform disorders and FSS are often focused on reducing precipitating 
and perpetuating factors of somatic symptoms19,20. Such factors include NA, stress, de-
pression, and associated dysfunctional cognitions and behaviors21–23. Although successful 
to a certain extent, effect sizes of treatments are generally small20,24,25. This might be due 
to an overestimation of the role of NA and an underestimation of the role of PA in the 
etiology and persistence of somatoform disorders or FSS. 
 Reviews by Pressman et al.9 and Steptoe et al.26 discuss the findings with regard to the 
effect of PA on health. A limitation of most of the reported studies is that the effects of 
NA are not taken into account and most studies examine long term health effects, e.g. 
mortality or coronary heart disease. This makes it hard to identify the exact independent 
contribution of changes in PA on short-term health-parameters. Therefore, we would like 
to explore the association between day-to-day fluctuations in NA, PA and somatic symp-
toms.

There are existing prospective longitudinal studies on PA, NA and somatic symptoms. 
However, most of them have long time windows between assessments, hampering the 
study of causality of such dynamic processes27,28. Studies who do have relatively short 
time windows between assessments (e.g. a day), have smaller samples sizes, comprise a 
certain subgroup, e.g. college students29, or a shorter study period30,31. The goal of this 
study is to evaluate the associations between positive affect (PA), negative affect (NA) 
and levels of somatic symptoms at both the between-subjects and within-subject level in 
longitudinal diary data. Since data at the between-subjects level are not directly trans-
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latable to the within-subject level, the within-subject association may be different in size 
or even sign from the association between subjects32. For example, an earlier longitudinal 
study showed a direct link between stress and the increase of FSS in several patients33, 
however, the associations were inconsistent between individuals and not present, or even 
reversed in some. In addition, longitudinal diary data with shorter intervals allows lagged 
analyses34. Accordingly, the dynamic effects of affect on somatic symptoms can be ex-
amined within individuals.

In this study, our objective was to evaluate the contemporaneous and lagged associ-
ations between PA, NA and somatic symptoms using diary data. First, we hypothesize 
a negative association between PA and somatic symptoms and a positive association 
between NA and somatic symptoms, at both the between- and within-subject level. Sec-
ond, we hypothesize that the between-subjects associations between PA, NA and somatic 
symptoms differ from the associations at the within-subject level. Third, we hypothesize 
that affect has a lagged association with somatic symptoms from one moment to the next. 
We used data from a diary study in which PA, NA and somatic symptoms have been 
assessed35. 

Materials and methods

Participants
This study was performed on diary data collected in the context of the study 
‘HowNutsAreTheDutch’. ‘HowNutsAreTheDutch’ is an online platform and an ongoing 
study on the mental state of the Dutch population35,36. Participants were recruited through 
the ‘HowNutsAreTheDutch’ website, www.hoegekis.nl (Dutch). The release of the study on 
the website was announced in magazines and newspapers. Participants received online 
information about the diary study. Informed consent was obtained online before entering 
the study. Eligible participants were age 18 or older and consented to their data being 
used for research. The protocol was approved by the local Medical Ethical Committee. In 
total, 629 individuals enrolled in the diary study. 

Diary Study
During the study, participants received a text message on their smart phone 3 times a 
day during awakening time, every 6 hours, for 30 consecutive days. This text message 
contained a link to an online questionnaire, which was available for one hour. The ques-
tionnaire contained 43 items about emotions, activities, sleep, et cetera. Omitting ques-
tions in the questionnaire was not possible, since the questionnaire could not be submitted 
if a question was skipped or unanswered. The questionnaire also contained twelve items 
about affect, based on the circumplex model of affect35,37. The following items were 
included to assess PA: ‘I feel relaxed, I feel energetic, I feel enthusiastic, I feel content, I 
feel calm, I feel cheerful’ (Cronbach’s α=.89 for t=1). The items used to assess NA were: 
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‘I feel gloomy, I feel anxious, I feel nervous, I feel irritable, I feel dull’ (Cronbach’s α=.79 
for t=1)38,39. For this study the item ‘I feel tired’ was excluded, since it can be somatic as 
well as psychological. Participants had to report how they felt at that particular moment. 
Responding to the items was done by moving a slider on a visual analogue scale ranging 
from ‘not at all’ (0) to ‘very much’ (100). The PA and NA scores were calculated by taking 
the mean of the six and five items, respectively.

Validation outcome measure
The item ‘I experience somatic symptoms (e.g. headache, diarrhea, heavy legs, etc)’ was 
used to determine the level of somatic symptoms. This item was validated using data from 
the cross-sectional part of HowNutsAreTheDutch. HowNutsAreTheDutch included ques-
tions on the occurrence of 28 somatic symptoms over the preceding 24 hours35, which 
was assessed in a subgroup of participants. The means of the single diary item and the 
sum score of this cross-sectional symptom questionnaire correlated significantly (N=63, 
Spearman’s rho = .46; p < .001). 

Statistical analyses 
To test the between- and within-subject association between affect and somatic symptoms, 
a mixed linear model was constructed. The PA and NA scores were used as predictors in 
the model. The advantage of the hierarchical multilevel model is that the technique deals 
with missing values automatically. Therefore it was not necessary to impute the data. All 
participants with at least one completed questionnaire are thus included in the analyses. 
Although participants who filled out only one questionnaire do no contribute to the with-
in-individual associations, they do contribute to the between-individual associations.  

Contemporaneous associations
To remove long-term time trends, the data were detrended, for each individual sep-
arately 40,41. To disaggregate the between- and within-subject effects in the analyses, 
the predictor variables were person-mean centered (Curran & Bauer, 2011). Both the 
person-mean centered values and the person means were entered as predictors in the 
models, to assess the within- and the between-subjects association, respectively. Models 
with random intercepts and random slopes were used for the within-subjects effects, to 
provide insight into the heterogeneity of these effects. An autoregressive covariance 
structure at level 1 was found to be optimal according to the Bayesian Information Cri-
terion (BIC). 

Lagged associations
The appropriate time lag to analyze the effect of PA and NA on somatic symptoms has 
not been described. In addition, the optimal lag length can differ between individuals33. 
Analyses about the optimal lag length exceeds the scope of the study, therefore we stud-
ied the effects of affect up to three previous time points (t-1, t-2, t-3), which reflects a 
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period of 24 hours, which seemed a suitable time frame. To test the lagged within-subject 
association between affect and somatic symptoms, the three lagged values of PA and NA 
were used as predictors in a second mixed linear model, to correct for the influence of 
each of them. To correct for auto-correlation, the lagged (t-1) variable of somatic symp-
toms was entered as a predictor too. A scaled identity structure at level 1 was found to 
be optimal according to the BIC. 

A p-value of 0.05 was used to determine statistical significance. All statistical analyses 
were done using SPSS 22.0 (IBM Corp, Armonk, NY). The assumption of homoscedastic-
ity of the residuals was checked by plotting the standardized predictor values against 
the standardized residuals. Normality of the residuals was checked by a Q-Q plot, and 
both assumptions were met. In addition, to ensure the robustness of our results, we boot-
strapped our models (k = 1000), which did not lead to an alteration of our conclusions, 
and the normal, non-bootstrapped results were presented. Since the association of PA 
and physical symptoms can depend on the level of NA, or vice versa, the interaction PA 
x NA was explored at both the between-individual (B=0.002, SE =0.003, p = 0.612) 
and the within-individual level (B=0.001, SE =0.001, p = 0.077) in the contemporaneous 
model. However, none of the interaction terms was significant and therefore we excluded 
them from the final models. 

Results

Sample characteristics
In total, 629 participants (517 females) enrolled in the diary study. 586 participants 
(481 females) filled out at least one questionnaire and were included in the analyses. In 
this subgroup, the median of the age of the participants was 39.6 years (range 18.1 to 
71.4) and participants were highly educated (high 84%, middle 12%; and low 4%). The 
total number of completed questionnaires was 28,264; the median number of completed 
questionnaires per participant was 59 (range 1 to 90). The median response time was 
within 11.6 minutes (range 1 to 60) after receiving the text message. Median time to fill 
out the questionnaire was 3 minutes. Reporting the same score on a certain item did occur, 
but only in a small number of participants and on specific items. However, in those cases 
participants usually reported not having any physical complaints, and did show variabili-
ty on other items. Overall, the median score for PA was 57.4 (range 0 to 100), the medi-
an score for NA was 20.2 (range 0 to 100), and the median score for somatic symptoms 
was 16.1 (range 0 to 100). More details about the diary study can be found elsewhere42.

Contemporaneous associations 
At the between-subjects level, the mixed linear model showed a significant positive asso-
ciation between NA and somatic symptoms (B = 0.60, p < .001). The negative associa-
tion between PA and somatic symptoms approached significance (B = -0.14, p = .062) 

Naamloos-11   98 07-06-17   12:08



Affect and somatic symptoms

99

Table 1: Mixed linear model of somatic symptoms as a function of positive affect and negative 
affect 

Estimate CI95 Lower CI95 Upper P
Between-subjects 
Intercept 19.30 8.66 29.94 <.001
NA 0.60 0.47 0.72 <.001
PA -0.14 -0.29 0.01 .062
Within-subject
NA 0.13 0.09 0.16 <.001
PA -0.33 -0.36 -0.29 <.001
Random-effects variances
Intercept 242.77 213.93 275.51 <.001
NA 0.08 0.06 0.10 <.001
 PA 0.07 0.05 0.09 <.001

Note: N = 586; duration of the study = 30 days, 3 measurements per day. Total number of completed ques-
tionnaires =28,264. PA = positive affect, NA = negative affect. Dependent variable: somatic symptoms (scale 
0-100), CI95 = 95% confidence interval. 

(Table 1). At the within-subject level, the analysis showed a significant positive association 
between NA and somatic symptoms (B = 0.13, p < .001) (Table 1). In addition, a signifi-
cant negative association was found between PA and somatic symptoms within individuals 
(B = -0.33, p < .001). 

The random-effects variances, presented in the lower panel of table 2, showed sub-
stantial between-subjects variability in the contemporaneous associations between affect 
and somatic symptoms. The variation around the NA slope was 0.08, corresponding with 
an SD of √0.08= 0.28. On the basis of this SD and an estimate of 0.13, it can be esti-
mated that 95% of the population has coefficients between -0.42 and 0.68 for negative 
affect. The variation around the PA slope, with an estimate of -0.33, was 0.07, corre-
sponding with an SD of 0.26, and slopes ranging between -0.85 and 0.19 for positive 
affect in approximately 95% of the population.

Lagged associations
The lagged associations at the within-subject level with lags up to one day during awak-
ening time (t-1, t-2, t-3) showed the following results. At the within-subjects level the anal-
ysis showed a significant effect of PA at t-3 (B = -0.05, P = .001). For NA at t¬-1, t-2 
and t-3 and PA at t¬-1 and t-2, no significant effects were found (Table 2). The random 
effects in the model on the lagged associations also showed large variability between 
subjects in the effect of affect on somatic symptoms, with slopes ranging between -0.20 
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Table 2: Mixed linear model of somatic symptoms as a function of lagged values of positive 
affect and negative affect 

Estimate CI95  Lower CI95 Upper P
Within-subject
Intercept 25.53 23.84 27.22 <.001
Somatic Symptoms (t-1) 0.26 0.23 0.29 <.001
NA (t-1) 0.00 -0.04 0.04 .915
PA (t-1) -0.02 -0.05 0.02 .325
NA (t-2) 0.01 -0.03 0.05 .593
PA (t-2) 0.00 -0.03 0.03 .932
NA (t-3) -0.03 -0.07 0.01 .093
PA (t-3) -0.05 -0.08 -0.02 .001
Random-effect variances
Intercept 330.88 289.10 378.69 <.001
Somatic Symptoms (t-1) 0.04 0.03 0.06 <.001
NA (t-1) 0.01 0.00 0.03 .030
PA (t-1) 0.01 0.01 0.02 .004
NA (t-2) 0.00 0.00 0.03 .236
PA (t-2) 0.01 0.00 0.02 .081
NA (t-3) 0.02 0.01 0.03 .001
PA (t-3) 0.00 0.00 0.02 .277

Note: N = 525; Total number of completed questionnaires =28,146; PA = positive affect, NA = 
negative affect. Dependent variable: somatic symptoms (scale 0-100). CI95 = 95% confidence 
interval; t-1, t-2, t-3 = three preceding measuring points. 

and 0.20 for lag 1 of NA, between -0.31 and 0.25 for lag 3 of NA, and between -0.22 
and 0.18 for lag 1 of PA in approximately 95% of the population. The random slopes of 
lag 2 of NA, and 2 and 3 of PA were non-significant, indicating there was no significant 
variability in the effect. 

Since the median level of the somatic symptoms was low, we performed additional 
sensitivity analyses, with subgroups using 1) only the values of somatic symptoms above 
the 50th percentile, increasing this threshold each time with 10%. In addition, we repeat-
ed the analysis in 2) individuals who reported on average higher levels of somatic symp-
toms, starting from the median, increasing this threshold each time with 10%. Overall, the 
results remained approximately the same in size and sign. In both subgroups 1 and 2, the 
association between PA and somatic symptoms at the individual level remained inversely 
significant in each severity class. The association between NA and somatic symptoms at 
the individual level did not remain significant in subgroup 1. Neither did the association 
between PA, NA and somatic symptoms at the group level in both subgroups, due to a 
decrease in power (data not shown). 

Naamloos-11   100 07-06-17   12:08



Affect and somatic symptoms

101

Discussion

In this study a striking difference was found in the between- and within-subject asso-
ciations between affect and somatic symptoms. The results showed that NA was more 
strongly associated with somatic symptoms at the between-subject level, in contrast to the 
within-subjects level, where PA was more strongly associated. Moreover, we showed that 
within subjects, an increase in PA is followed by a small but significant decrease in somatic 
symptoms the following day, whereas no significant lagged association was found for NA. 

This study suggests that NA is more important for differences in symptom levels be-
tween subjects, whereas PA is more important for variations in symptom levels within 
subjects. Our findings imply that between-individual results might camouflage individual 
processes. Therefore, the consequences of translating between-individual results to an 
individual should be considered, since results derived at between person level do not 
always apply to the individual32. Another interesting finding, which emphasizes the impor-
tance of acknowledging the difference between within-individual and between-individ-
ual level results, is the considerable heterogeneity observed in the effects. This shows the 
diversity across individuals in the degree to which affect is related to somatic symptoms. 
The fixed effect of the mixed linear model showed the average within-subject effect, but 
the significant random effects imply that the within-individual associations differed in size 
and even sign between individuals.

The small, but significant association between PA and physical symptoms the next day 
implies that higher levels of PA are followed by lower levels of somatic symptoms the next 
day. Moreover, the between-person variability in this effect was non-significant, which 
indicates that this association was in general present in the participants. It is remarkable 
that our results show an effect of PA only after 24 hours. It is possible that physiological 
effects need some time to become apparent. In addition, a lagged association has al-
ready been found between daily hassles and somatic symptoms, up to 4 days43. 

Our results suggest that current treatments aimed at reducing somatic symptoms might 
benefit from a shift to a stronger focus on increasing PA. Höhn et al.44 showed already 
that individuals with depressive symptoms who had greater PA persistence showed bet-
ter prevention and recovery. Positive psychology interventions are expanding already, 
and more and more attention is given to the idea that positive psychology interventions 
can be a useful supplement to traditional treatments45, and in our opinion also in the 
treatment of FSS. Furthermore, the heterogeneity between individuals suggests that in-
terventions may profit from an approach which is based on a within-subject model. We 
restricted our analyses to the role of affect on somatic symptoms, but it is without doubt 
that the effect of somatic symptoms on PA and NA is interesting as well. A vicious circle 
may exist between NA and somatic symptoms, and PA may be a target to break this. 

The strengths of this study include the large sample size, the large number of assess-
ments within individuals, the duration of 30 days, and the age diversity of the partici-
pants. A handful of studies have examined the association between stress or affect and 
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somatic symptoms in a longitudinal setting. However, these studies have a smaller, less 
diverse population46,47 and/or a less intense study protocol29,30. The duration of this study 
and the relatively small interval between the measurements allowed us to examine dy-
namic processes within individuals while taking into account individual variance. More-
over, the relatively small time windows between the assessments limits recall bias, often 
present when using self-reports48. 

This study has also limitations. The biased sample with an overrepresentation of higher 
educated women, and thus the perhaps limited generalizability of the study, should be 
taken into account. However, the findings at the individual level are not influenced by 
this selection bias, since participants serve as their own controls. It should be taken into 
account that the data are based on self-report measures, which may have introduced dif-
ferential measurement error (an error with different magnitude or direction across groups 
or subjects) at the between- and within-individual level. The momentary assessments do 
not eliminate the error and bias associated with retrospection, but do reduce this problem 
considerably. In addition, there was only one item about somatic symptoms in the diary 
study. 

However, we showed that there is a significant correlation between the daily average 
of this item and the scores on a more elaborate questionnaire, assessed at a single day, 
which expands the validity of this single item. The generally low level of symptoms re-
ported by participants could be regarded as a limitation of this study. However, sensitivi-
ty analysis revealed that in subgroups with higher levels of somatic symptoms, the associ-
ations between affect and somatic symptoms remain roughly the same. Another limitation 
is that the protocol did not include an assessment in the night. This was because we did 
not want to interfere with participants’ sleep, which would reduce ecological validity. Be-
cause of this gap in the night, the intervals between assessments were not entirely evenly 
spaced. However, it can be argued that affect is not present during sleep and cannot be 
measured. Therefore, we evenly spaced the measurements during awakening time. 

This study provided insights into the associations between affect and somatic symp-
toms, demonstrating the strong concurrent and prospective association of PA and somatic 
symptoms at the within-subject level. Future studies should reveal whether in psychopatho-
logical conditions PA and NA contribute to the presence of somatic symptoms.
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