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A B S T R A C T   

While immunity and psychological distress are strongly associated, studies seldom consider how different types 
of distress relate to immune functioning. The literature tends to emphasis the impact of stress on immunity. The 
present cross-sectional study estimated the unique contributions of depression, anxiety, and stress on immune 
function in culturally diverse samples of adults from Italy, New Zealand and India. Participants were Italian (n =
1061), New Zealand (n = 1037), and Indian (n = 384) volunteers. Stepwise multiple linear regression and 
dominance analysis were used to analyse differences in immunity uniquely explained by anxiety, depression, and 
stress. While samples from the three countries differed significantly, anxiety consistently explained the greatest 
proportion of differences in immunity. After accounting for the effect of anxiety, stress and depression explained 
only negligible variation in immune functioning. This association of anxiety with immune functioning was 
consistent across three different countries and this unique impact was further confirmed by the results of 
dominance analysis. These findings suggest a clear link between anxiety and immunity, which advances the 
prevailing stress-disease model and foster further experimental and longitudinal research into the impact of 
anxiety on immunity.   

1. Introduction 

The relationship between affective conditions and immune 
dysfunction has garnered significant attention in recent studies, espe
cially considering the adverse health outcomes resulting from immune 
system disruptions due to stress (Andreasson et al., 2018; Momen et al., 
2020; Lasselin, 2021; Seiler et al., 2020). While the general impact of 
negative affect on immune imbalances is understood, there remains a 
paucity of research focusing on specific negative affect facets, such as 
depression and anxiety, and their unique roles on immune functioning. 

Subjective reports of infectious symptoms, such as fever and cough, 
serve as pivotal indices in immune functioning and play a crucial role in 
the preliminary diagnosis of infections like flu or COVID-19 (Alghamdi 
et al., 2021; Libet, 2004). These patient-centred reports, though 

cost-effective, sometimes yield inconsistent results when mapped with 
inflammatory biomarkers, stressing the complexity of the immune sys
tem and the challenges of having clear clinical thresholds for these 
biomarkers (O’Connor et al., 2021; Lodin et al., 2017). Depression, 
anxiety, and stress, while often coexisting, manifest distinct patterns and 
impacts on immune function (Barlow et al., 2014; Eysenck and Faj
kowska, 2018; Mariani et al., 2021; Momen et al., 2020). While de
pression’s association with immune deregulation is well-documented, 
the nuances of anxiety’s relationship with immunity require more 
comprehensive research (Dantzer et al., 2008; Culpepper, 2009; Renna 
et al., 2018). 

The comorbidity of depression, anxiety, and stress is evident, with 
shared symptoms like repetitive negative thinking. However, their 
unique emotional and cognitive domains highlight the need to 
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understand them as separate entities (Spinhoven et al., 2018; Eysenck 
and Fajkowska, 2018). Various models, such as Clark and Watson’s 
tripartite model, have sought to explain their interrelationships, 
emphasizing their distinct conditions and the importance of analyzing 
their individual impacts on immune functioning (Clark and Watson, 
1991; Lasselin, 2021). 

Given the variability of affective responses across populations and 
the cultural nuances in expressing negative affect, this study undertakes 
a comparison among Italy, India, and New Zealand (NZ), leveraging 
their diverse cultural backgrounds to provide richer insights. In response 
to the existing literature, our research seeks to delineate the unique 
contributions of depression, anxiety, and stress to immune status by 
examining a cross-country non-clinical sample from these three 
countries. 

2. Method 

2.1. Participants 

The total sample (n = 2482) was composed of Italian university 
students and general population, NZ general population and Indian 
university students above the age of 18. The Italian sample was 
composed of 97.64 % of people who identified as European, Asiatic 
(0.26 %), African (0.56 %), American (0.56 %), with the remainder 
(0.94 %) made up of other ethnicities not specified. The NZ sample was 
composed of NZ European (64.6 %), Māori (14.8), Pacific nations (3.9 
%), Asian (12.6 %) and (4.1 %) of other ethnicities not specified. All 
India student participants identified as Indian. 

2.2. Procedure 

The study was approved by the ALPSS Divisional Human Research 
Ethics Committee of the University of Waikato (FS2021–58), New Zea
land, which is following the internationally recognised ethical standards 
consistent with APA 7 edition. Written informed consent was obtained 
from all participants prior to completing the questionnaire. Participation 
was anonymous, and participants gave their consent after reading in
formation about the study. Data collection took place through an online 
survey and no time limit was imposed. Participants were recruited by a 
combination of techniques. The Italian students were recruited in 
October 2022 through a convenient sample technique. Further partici
pants were recruited through outreach by snowballing techniques. All 
Italian participants accessed the survey through the university based 
Qualtrics website. Dynata distributed the NZ survey online through their 
network in January-February 2022, and participants obtained 
compensation up to the value of $5 for completing the form. Further NZ 
participants were recruited through outreach by snowballing tech
niques. The Indian students were recruited in March-May 2022, through 
a convenient sample technique. The link of the study was shared with 
teachers in different universities and shared with associated classes. 
Moreover, the link of the study was also shared with different students’ 
group. No compensation was provided to the Italian or Indian partici
pants for taking part in the study because these data collection methods 
did not involve monetary compensation, unlike Dynata in New Zealand. 
To ensure the reliability and integrity of our data, we implemented 
specific quality control measures. Although participants were not 
confined to a strict time limit for survey completion, we recognized the 
potential risk of hastily filled-out or random responses. Using the 
Qualtrics software, we estimated the expected completion time for our 
survey to be between 10 and 30 min. Based on this estimation, we made 
the decision to exclude any data from participants who completed the 
survey in less than 10 min. This approach was adopted to filter out 
potential responses from participants who might have skimmed through 
questions or selected options without genuine contemplation, thereby 
ensuring the validity of the collected data. 

2.3. Measures 

2.3.1. Depression, anxiety and stress scales (DASS-21) 
The DASS-21 is an abbreviated 21-item version of the original self- 

report measure that captures perceptions of emotions over the past 
week with strong reliability (Lovibond and Lovibond, 1993). It consists 
of three subscales: depression, anxiety, and stress, with reliability 
indices ranging from 0.83 to 0.94 across scales and countries (Lightburn 
et al., 2023). In our study, the scores from these subscales were used as 
continuous variables. 

2.3.2. Immune status questionnaire (ISQ) 
The ISQ is a seven-item self-report tool that gauges the frequency of 

infectious symptoms experienced over the past twelve months and 
overall health perceptions (Wilod Versprille et al., 2019). Its reliability 
metrics in our study were between 0.70 to 0.76 across countries, 
showcasing its consistent research reliability. 

2.3.3. MacArthur scale of subjective social status (SSS) 
The SSS is a self-assessment measure where participants indicate 

their perceived social standing within their community on a 10-point 
scale (Adler et al., 1994). It offers insights into socio-economic status 
nuances and has been shown to correlate well with objective measures in 
industrial cultures (Oswald and Wu, 2010). 

2.4. Data analyses 

Data analyses were undertaken using IBM SPSS Statistics (Version 
27). The required sample size was estimated using G*Power software 3.1 
(Faul et al., 2009) and indicated that with the maximum number of 
predictors limited to 10 to detect a small effect size (0.01) under the 
α=0.05 with a certainty of 95 % (1-β=0.95), the required sample size 
would be ≥254 participants. The dataset exceeded this figure, reflecting 
strong statistical power. During data preparation, we noted that less 
than 4 % of our dataset values were missing. Despite its low rate, we 
carefully evaluated methods for handling missing data, including mul
tiple imputations, mean imputation, and model-based methods. Ulti
mately, we chose to exclude missing values for several reasons: the 
missingness was minimal and unlikely to affect our analysis’s power or 
generalizability given our sample’s size and diversity; our preliminary 
checks indicated the data was missing completely at random (MCAR), 
ensuring no systematic bias; and this direct exclusion approach provided 
simplicity, transparency, and ease of interpretation or replication by 
peers. This approach underpins the integrity and clarity of our results. 

The data met the assumptions for multiple linear regression. with 
variables being normally distributed and with skewness and kurtosis 
falling within the acceptable range between +2 and – 2 (West et al., 
1995). There was no multicollinearity among predictor variables, ac
cording to the criterion of Variance Inflating Factors (VIF) below 5 
(Roemer et al., 2021; Podsakoff et al., 2021). For linearity, we visually 
inspected scatter plots of the observed versus predicted values. Addi
tionally, we used the Partial Regression Plots for individual predictors to 
ensure that the relationship was linear with the outcome variable. Ho
moscedasticity, or the assumption of equal variance of the errors, was 
assessed using the residuals-versus-fits plot. We looked for any evident 
patterns in these plots; a random distribution of points suggested that 
the assumption was met. Pearson correlation coefficients were calcu
lated between age, SSS, the ISQ and the subscales of depression, anxiety, 
and stress. 

Stepwise multiple linear regression on the outcome variable the ISQ 
(immunity), combining forward and backward entry to ensure robust
ness was used to examine the unique contributions of depression, anx
iety, and stress on immune status (Babyak, 2004). Stepwise multiple 
linear regression extracts and lists the strongest predictor which explains 
most of the variance first, using mathematical criteria (Roemer et al., 
2021). 
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Demographic variables including sex, age and SSS were controlled 
for and entered together in the first block. Analysis was undertaken by 
country, as although socio-demographic differences were controlled for, 
cross-country variation was to be explored. Following this, depression, 
anxiety, and stress were entered using combined forward and backward 
stepwise entry, by country. In this method, the strongest significant 
predictor that explains the greatest amount of the variance is extracted 
first based on mathematical criteria. 

Subsequent predictors, which explain the unique variance not 
explained by the first predictor, appear in order of their unique pre
dictability and were extracted sequentially, while reiteratively ac
counting for and deducting the variance of predictors which were 
already extracted, until no more significant predictors remained 
(Roemer et al., 2021). The threshold for inclusion was p < .05 and for 
removal was p ≥ .10. These analyses were conducted individually for the 
Italian, Indian and NZ samples due to significant differences between 
samples demographics for the countries. 

To determine the unique variance explained by each of the pre
dictors, dominance analysis was conducted (Budescu, 1993). In domi
nance analysis, all subsets of predictors are examined in relation to the 
dependent variable and the unique contribution of each predictor is 
estimated. Dominance analysis reduces potential distortions through 
multicollinearity and enables direct comparisons of predictors within a 
model. To conduct dominance analysis in the present study, that 
included three predictors, seven regression analyses were run using 
SPSS, containing all possible combinations of predictors. Following 
these analyses, the ΔR2 values were averaged and compared to identify 
the variable with the highest mean incremental contribution to variance 
explained, using Excel (Tonidandel and LeBreton, 2011). The percent
age value of relative importance of predictors is derived by dividing the 
overall average incremental R2 by the contribution of average predictors 
to the model. 

3. Results 

Demographic characteristics of the sample are shown in Table 1. 
When age was viewed by country, the average NZ sample age showed 
greater variation relative to the more youthful Italian and Indian sam
ple. A chi-square test of independence examined distribution of sex by 
country, and noted significant differences in two of the countries, with 
the Italian and Indian sample being weighted towards significantly more 
females compared to males (p < .01). Descriptive statistics are repre
sented in Table 2, with skewness and kurtosis values being in the 
acceptable range. The Indian and Italian participants were significantly 
younger, and their indices of negative affect levels, notably stress, were 
significantly higher compared to the NZ sample. The NZ sample reported 
lower perceived SSS and lower average negative affect levels. 

Table 3 presents the results of stepwise multiple linear regression 
predicting immunity in each sample. Within the Italian sample, socio
demographic features accounted for 11 % of the variance, with age 
showing the strongest impact on immunity. After accounting for the 
effect of demographics, anxiety was significantly associated with im
munity and the strongest affective predictor and accounted for a further 
14 % of the variance. 

In the Indian sample, sociodemographic characteristics accounted 

for 3.6 % of the variation with SSS being the only significant predictor. 
After controlling for demographics anxiety was significantly associated 
with immunity and the strongest affective predictor and accounted for a 
further 15 % of the variance. 

In the NZ sample, sociodemographic characteristics accounted for 
9.3 % of the variation with SSS and age being a significant predictors. 
After accounting for demographics, anxiety was significantly associated 
with immunity and the strongest affective predictor and accounted for a 
further 20 % of the variance. 

Table 4 shows the results of the dominance analyses; full results are 
available by request from the first author. Anxiety had the greatest 
dominance value in all samples, showing general dominance over the 
other affect facets and accounting for between 42 % to 50 % of the total 
variance explained. Stress was the second most important contributor in 
the NZ and Indian samples, while depression was the second most 
important second contributor for the Italian sample. 

4. Discussion 

This study focused on investigating the unique contributions of 
depression, anxiety and stress to immune functioning within a large 
sample drawing participants from Italy, India and NZ. When disen
tangling the three constructs, anxiety consistently demonstrated the 
strongest negative impact associated with immune functioning. After 
accounting for the effects of anxiety, stress had only negligible associ
ation with immunity in the Indian and NZ samples. Depression had a 
modest impact on the Italian sample, indicating variation between 
countries. While this study found an association between stress and 
immunity as proposed by the stress immune model (O’Connor et al., 
2021; McEwen, 2017; Morey et al., 2015), the association was notably 
stronger for anxiety and immunity. 

The present findings indicate that associations between stress, 
depression and immunity in previous studies may have been partially 
explained by unmeasured anxiety, which tends to be strongly associated 
and frequently comorbid with depression and stress (Patriquin and 
Mathew, 2017; Renna et al., 2018). This is irrespective of whether 
negative affect types are differentiated between, or whether disorders 
are controlled for (Barlow et al., 2014; Budescu, 1993). The results 
suggest that when the frequently comorbid and co-varying constructs of 
stress and depression are controlled for, anxiety is shown to have the 
greatest impact on immunity. As such, an anxiety-disease model, as 
outlined in Fig. 1, would appear to outline the relationship more accu
rately between types of negative affect, immunity, and adverse health 
outcomes, which is supported by this study. While relatively scant 
attention is provided to the association of anxiety and immunity, these 
results suggest that anxiety is the strongest affective condition contrib
uting to differences in immune deregulation across different countries 
(Culpepper, 2009; Renna et al., 2018). 

There are similarities in this study’s findings to those of a recent 
cross-sectional study in Saudi Arabia (Alghamdi et al., 2021). Those 
reporting mild to moderate anxiety were two to four times more likely to 
report reduced immune status. Anxiety and immunity also showed the 
strongest relationship, with a trend for severe anxiety to be associated 
with poorer immune functioning, in a dose dependent manner 
(Alghamdi et al., 2021). 

The study also found significant associations with stress and immu
nity (Alghamdi et al., 2021). However, the variance explained by anx
iety while estimating contribution of stress was not controlled for. 
Therefore, the association with stress might be due to shared variance 
between anxiety and stress. In the current study, we controlled for 
anxiety and only found weak associations between stress and immune 
functioning within the Indian and NZ samples. This highlights the 
importance of using appropriate methodology that allows identification 
of the unique effects of specific predictors, such as anxiety. The limita
tion of the Saudi Arabian study is related to using methodology that 
involved dichotomization of continuous variables, namely immune 

Table 1 
Demographic Characteristics of Participants.  

Country n Sample Age M (SD) % 
Females 

NZ 1037 General Population 49.00 
(17.63) 

51.0 

Italy 1061 University Students & General 
Population 

29.99 
(13.85) 

78.6 

India 384 University Students 23.67 
(7.68) 

67.0  
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dysfunction, which inevitably leads to losing information and conse
quently, accuracy of estimates. This may have reduced the power of the 
analysis and contributed to differences compared with our findings 
(Roemer et al., 2021). However, it is striking that anxiety exhibited the 
strongest relationship to immunity in both studies. 

Anxiety was the strongest factor associated with immunity across 
countries. This persisted despite discrepancies in culture, age and other 
demographic factors, and this consistency is salient. Comparisons of 
types of affective relationships do show some differences between 
countries (De Vaus et al., 2018; Long et al., 2022). Stress levels were 
detected in the Indian students and NZ citizens. Depression was found to 
be the second most important feature for the Italians. Again, despite the 

high recent prevalence of depression and anxiety in Italy, the method
ology showed a negligible association between immunity and depres
sion (Caldirola et al., 2022; Fioravanti et al., 2022). It is unclear though 
interesting to speculate to what degree this may be a culturally mediated 

Table 2 
Means (M), 95 % confidence intervals (CI) of the samples by country and combined, also including skewness and kurtosis data for the total sample.   

Italian (n = 1061) Indian (n = 384) New Zealand (n = 1037) Total sample (n = 2482) 

Variable M Confidence intervals M Confidence intervals M Confidence intervals M Confidence intervals Skewness Kurtosis 
Age 29.99 [29.16, 30.83] 23.67 [22.84, 24.50] 49.00 [47.92, 50.07] 42.88 [41.87, 43.90] 0.778 − 0.609 
SSS 6.56 [6.45, 6.66] 6.52 [6.29, 6.75] 5.60 [5.49, 5.72] 5.83 [5.72, 5.93] − 0.357 0.040 
Immunity 5.86 [5.70, 6.03] 6.41 [6.10, 6.72] 6.92 [6.77, 7.08] 6.80 [6.66, 6.94] − 0.659 − 0.342 
Depression 6.81 [6.51, 7.12] 6.99 [6.45, 7.53] 5.70 [5.36, 6.03] 6.01 [5.72, 6.30] 0.805 − 0.071 
Stress 9.12 [8.84, 9.40] 7.36 [6.92, 7.80] 6.01 [5.73, 6.30] 6.34 [6.09, 6.58] 0.478 − 0.275 
Anxiety 5.95 [5.66, 6.23] 6.81 [6.31, 7.30] 4.36 [4.09, 4.63] 4.95 [4.70, 5.19] 0.889 0.193 

Note. n = sample size, M = mean. 

Table 3 
Summary of multiple linear stepwise regression analyses predicting immunity and the impact of affective subscales from the Italian sample (n = 1061), Indian sample 
(n = 384) and NZ sample (n = 1039).  

Outcome Step Block and Predictors R2 R2 change Standardized β p 

Italian sample Demographics   .106 .106     
1 Age   .266[.205, 0.321] < 0.001   
2 SSS   .122[.064, 0.180] < 0.001   
3 Sex   − 0.080[− 0.138,− 0.022] .007  

Affective scales 1 Anxiety .249 .143 − 0.400[− 0.455,− 0.345] < 0.001   
2 Depression .257 .011 − 0.162[− 0.243,− 0.083] < 0.001 

Indian sample Demographics   .036 .036     
1 Age   .099[− 0.008, 0.206] .072   
2 SSS   .135[.029, 0.242] .013   
3 Sex   − 0.048[− 0.156, 0.060] .382  

Affective scales 1 Anxiety .186 .151 − 0.405[− 0.507,− 0.303] < 0.001   
2 Stress .197 .011 − 0.142[− 0.274,− 0.010] .036 

NZ sample Demographics   .093 .093     
1 Sex   − 0.107[− 0.047, − 0.0167] < 0.001   
2 SSS   .193[.135, 0.251] < 0.001   
3 Age   .166[.111, 228] < 0.001  

Affective scales 1 Anxiety .293 .200 − 0.480[− 0.535,− 0.425] < 0.001   
2 Stress .298 .005 − 0.117[− 0.202,− 0.031] .007  

Table 4 
Dominance analysis: average R2, general dominance and rescaled dominance 
across negative affect facets and countries.  

Outcome Numbers of predictors in the model Depression Anxiety Stress 

Italy 1 0.181 0.212 0.172  
2 0.022 0.050 0.016  
3 0.006 0.032 0.003  
General dominance 0.070 0.098 0.064  
Rescaled dominance% 30.09 42.42 27.49      

India 1 0.100 0.169 0.132  
2 0.005 0.058 0.023  
3 0.000 0.036 0.003  
General dominance 0.035 0.088 0.053  
Rescaled dominance% 20.00 50.00 30.00      

NZ 1 0.156 0.268 0.215  
2 0.003 0.087 0.036  
3 0.000 0.057 0.007  
General dominance 0.053 0.137 0.086  
Rescaled dominance% 19.14 49.76 31.10  

Fig. 1. Anxiety-disease model.  
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effect. There are Eastern cultural traditions that increase mind and body 
awareness, in addition to other features (De Vaus et al., 2018; Khambaty 
and Parikh, 2022; Long et al., 2022). Alternatively, it may simply reflect 
recent geopolitical events and conditions, which may have contributed 
to a relative increase in mood languor within Italy (Caldirola et al., 
2022; Fioravanti et al., 2022). 

The regression results indicated that after accounting for the effect of 
anxiety, stress and depression did not appear to have a strong associa
tion with immunity. This is despite the literature emphasising the close 
association between depression, stress, immunity and sickness 
(Andreasson et al., 2018; Binder and Nemeroff, 2010). Since depression 
shares common variance with both anxiety and stress, studies on stress 
and depression may not be able to control for effects of anxiety and stress 
when measuring solely depression (Medvedev et al., 2018; Roemer 
et al., 2021; West et al., 1995). It does highlight the advantages of using 
appropriate methodology including stepwise multiple linear regression 
and dominance analysis when examining unique contributions of psy
chological symptoms on immunity, since the effects of stress and 
depression are forced away when analysed simultaneously (Babyak, 
2004; Budescu, 1993). 

The lack of association between stress and immune functioning after 
accounting for the effect of anxiety was salient given the high statistical 
power of this sample. There are a couple of possible explanations. 
Firstly, the method of stepwise multiple linear regression deducts the 
variance of predictors already explained by the model, and as noted, 
anxiety accounted for most of the variance (Budescu,1993; Roemer 
et al., 2021). Secondly, acute stress-response hormesis can have some 
beneficial effects on immunity, which may weaken the broader associ
ation of stress and immunity within this study, since the measurement 
used may not distinguish acute from chronic stress, as is true of many 
studies considering stress (Aschbacher et al., 2013); Lovibond and 
Lovibond, 1993). For example, theme parks may induce stress levels 
through illusions of imminent danger, but the acute stress response from 
the fear produced may not necessarily lead to illness, as this type of 
stress is still compatible with positive affect (Aschbacher et al., 2013). 
Anxiety, with features of incessant worry and the negative appraisals of 
one’s ability to cope with looming potential threats possesses clearer 
features of negative affect, and is less compatible with mood stability 
(Spinhoven et al., 2018; Taylor and Snyder, 2021). 

Our study emphasizes the intricate relationships between psycho
logical constructs, such as depression, anxiety, and stress, and immune 
functioning across populations from Italy, India, and New Zealand. Most 
strikingly, anxiety was identified as having a consistent negative link 
with immune functioning. On the other hand, depression demonstrates a 
robust connection with immune deregulation, with some immunological 
reactions differing from those elicited by stress (Dantzer et al., 2008; 
Lasselin, 2021; Mariani et al., 2021; Miller and Raison, 2016). Our re
sults supported a modest link between depression and immune func
tioning in the Italian sample. Contrastingly, the relationship between 
stress and immunity in our study was weaker than suggested by the 
stress-immune model. This deviation from established literature, which 
often underscores a robust connection between stress and immune 
response, invites speculation on potential protective biological mecha
nisms or other moderating biomarkers. Such factors might be influenced 
by genetic, environmental, or lifestyle differences inherent to the pop
ulations studied. In sum, delving deeper into the biological mechanisms, 
such as hormonal, genetic, and inflammatory pathways, could elucidate 
our findings and account for the observed inter-country variations. 

4.1. Strengths, limitations and directions of future research 

Naturally, this study has strengths and limitations. The strengths lie 
in the size of the study, statistical power, cross-country participants 
which encompasses great cultural diversity and participant heteroge
neity, the use of appropriate statistical techniques to undertake pre
liminary analysis. However, some of the common limitations are related 

to the cross-sectional nature of the study, which does not permit causal 
inferences, so the association found across countries cannot be deemed 
deterministic. Psychological disorders and immune dysfunction may 
share other commonalities, such as adverse experiences early in life 
(Dieleman et al., 2015). Also, temporal snapshots lack the ability to 
detect time related nuances. For example, the impact of negative affect 
on immunity may vary during time-sensitive windows, which could be 
further explored through longitudinal analysis, such as the Environ
mental Risk Longitudinal Twin Study (Baldwin et al., 2018). 

Considering that psychological symptoms from participants who 
were members of the general population was generally skewed toward 
being subclinical, the study may benefit from the inclusion of a broader 
psychiatric range (Antony et al., 1998). Further research which en
compasses and targets certain features, such as patients in primary 
medical health care, would augment the study. The study would also 
benefit from further refinement by examination with other assessments, 
such as anxiety sensitivity (Lasselin et al., 2016; Taylor et al., 2007). 

From biological perspective, it would be interesting to observe 
whether greater levels of anxiety impacted known immunological re
sponses, in a dose dependent pattern. For example, whether higher 
anxiety levels correspond to reduced immune responses to deliberate 
viral exposure challenges could support or falsify these findings. Alter
natively, the immune responses of non-clinical participants to standard 
immunisation can be compared with placebo in randomised controlled 
trials while accounting for anxiety levels. This research may prove very 
useful, as the effectiveness of interventions, such as vaccinations, are 
based on the assumptions of typical immune functioning. 

The study results may also be affected by common method bias 
(Podsakoff et al., 2012). The fact that multiple constructs are measured 
using common methods (e.g., multiple-item scales presented within the 
same survey) leads to spurious effects due to the assessment instruments 
rather than to the constructs being measured. For example, the fact that 
subjects are asked to report their own perceptions or impressions on two 
or more constructs in the same survey is likely to produce spurious 
correlations among the items measuring these constructs owing to 
response styles, social desirability, and priming effects, which may be 
independent from the true correlations among the constructs being 
measured. 

In addition, there was no consistency time periods indicated in the 
measures for participants to consider, with the DASS referring to the past 
week, the ISQ referring to the past year, and the SSS referring to the 
participants’ current point in life (Adler et al., 1994; Lovibond and 
Lovibond, 1993; Wilod Versprille et al., 2019). While common, such 
discrepancy could be criticised due to recall bias, and variation. How
ever, the DASS subscales were well validated as a trait measures while 
changes in the SSS are very unlikely withing a short period of time 
(Antony et al., 1998; Lightburn et al., 2023). The ISQ, while increasingly 
globally used, including in English, Indian and Italian studies has been 
validated to the lesser extent (Nesari et al., 2022; Tarantino et al., 2021; 
Verster et al., 2022). 

Given the highly comorbid nature of depression, stress and anxiety, it 
is not possible to conclude that individual conditions of anxiety, 
depression and stress in isolation are contributing to immunity, because 
shared factors between the conditions may drive this association. While 
the DASS-21 has been employed as a reliable instrument to assess the 
severity of these conditions, it is inherent to the tool’s design to measure 
domains that have shared variance. Our analyses sought to discern 
unique contributions of each domain. However, we recognize the chal
lenge posed by their interrelatedness. It’s conceivable that shared factors 
among depression, anxiety, and stress might influence the observed 
associations with immunity. Thus, while our findings shed light on the 
differential contributions of these psychological states, the potential for 
underlying shared factors to drive these associations remains. In the 
context of our study, it’s essential to interpret the results with an un
derstanding of this overlap and the limitations of any single tool, 
including the DASS-21, in fully isolating the unique effects of 
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intertwined psychological domains. Future research employing a multi- 
faceted assessment approach, perhaps incorporating multiple tools and 
methodologies, could provide additional clarity on this matter. 

Among the limitations of our study, a significant concern relates to 
the sampling strategy employed. While drawing comparisons across 
countries, we noted marked differences in factors such as age, sex, and 
negative affect levels between members of the general public and uni
versity students. The participants were predominantly youthful with a 
disproportionate representation of females. This skewness towards 
younger females could partially explain the elevated rates of negative 
affect observed, considering the heightened mental unwellness typically 
associated with this demographic (Medvedev et al., 2018; Spence et al., 
1987). Moreover, the student participants tended to score higher on 
negative affect indices, underscoring the prevalent negative affect 
challenges faced by females and students (Spence et al., 1987). How
ever, it’s essential to highlight that findings specific to university stu
dents might not generalize to the broader population, as student cohorts 
often exhibit unique attributes like enhanced reported parenting and 
psychological resilience compared to their non-university attending 
peers (Cvetkovski et al., 2019). 

Furthermore, we acknowledge the potential for volunteer bias, 
which may influence our results. Individuals more inclined to partici
pate in such studies might possess particular characteristics or be more 
motivated by specific factors, potentially skewing our sample. Our 
recruitment strategies varied across countries, and only participants 
from New Zealand were compensated for their time. Such variations in 
recruitment and compensation might have led to differential participa
tion motivations and could introduce biases in the sample composition. 
The lack of compensation in other regions, compared to New Zealand, 
might affect the motivation and the demographic mix of the partici
pants, possibly influencing their responses. Future research would 
benefit from more standardized recruitment strategies and broader, 
more representative participant populations to bolster cross-country 
comparisons. 

5. Conclusions 

Studies which have examined the relationship between immunity 
and affective conditions have greatly emphasised stress and depression. 
The impact of anxiety on immunity has remained relatively neglected. 
Within the present study, anxiety consistently explained the greatest 
proportion (between 14 % and 20 %) of differences, when investigating 
the unique contributions of affective symptoms on immune status. After 
accounting for effects of anxiety, other affective symptoms explained 
only negligible variation in immune function. While preliminary, these 
cross-country results highlight a relationship between anxiety and im
munity, and strongly encourage greater examination of the impact of 
anxiety on immune functioning, with a view to improving health 
outcomes. 
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