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Background: Neck pain (NP) represents a significant global health challenge, 

with a considerable proportion of individuals enduring persistent NP, which is 

associated with psychological stress. However, it remains unclear whether 

stress acts as a prognostic factor or emerges as a consequence of ongoing 

pain. An individual’s behavioral response to pain, known as activity patterns 

(eustress persistence, distress persistence, activity pacing, and fear avoidance), 

reflects how individuals engage in daily activities and may influence both the 

experience and course of pain. These patterns have been linked to stress, 

potentially exacerbating pain intensity and disability. This study aims to 

investigate the prognostic value of activity patterns, subjective and objective 

stress in acute NP after three months. Furthermore, it examines the 

relationship between subjective and objective stress measures.

Methods: This study included participants (n = 125) with acute neck pain (NP) 

(<4 weeks). Baseline stress levels were measured objectively using hair 

cortisol concentration and subjectively using the Stress and Coping Inventory 

(SCI). Activity patterns were identified using the Avoidance-Endurance Fast 

Screen (AE-FS). Linear mixed models (LMM) were used to assess whether 

stress and activity patterns during the acute phase were prognostic factors for 

pain and disability three months later. A Pearson correlation was calculated 

between the subjective and objective stress measures.

Results: Weak correlations were found between subjective and objective stress 

measures. In the LMM, higher pain intensity during the acute NP phase was 

associated with increased pain intensity at 3-month follow-up. In terms of 

disability, both initial pain intensity and “stress due to uncertainty” were 

associated with higher disability after three months.

Discussion: Only a few consistent prognostic factors for persistent pain and 

disability have been identified, raising the question of whether current 

measures capture the most relevant aspects.

Clinical Trial Registration: https://www.clinicaltrials.gov published 07/22, 

identifiers NCT05468684.
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Introduction

Neck pain (NP) affects a large proportion of the global 

population, with a lifetime prevalence of up to 71% in the 
general population worldwide (1). Although pain and disability 

often diminish rapidly around six weeks after pain onset 
without intervention, both outcomes tend to remain elevated 

over time (2). The likelihood of symptom recurrence within five 
years ranges from 50%–85% among individuals with NP, 

indicating that persistent or recurrent NP is common in this 
population (3). Identifying and addressing prognostic factors in 

an acute episode may help alleviate persistent pain. In addition 
to behavioral in,uences such as sleep quality (4), psychosocial 
variables, including emotional health and coping strategies, have 

been linked consistently with the onset, progression, and 
recurrence of neck pain, while general physical activity showed 

limited predictive value (5). Moreover, depression and anxiety 
have been identified as prognostic factors for a worse outcome 

at three months in acute NP (6). Stress is another psychological 
factor that refers to the physical and mental strain individuals 

experience when facing challenging situations, as the body tries 
to restore balance (7). For persistent neck pain, a meta-analysis 

has shown a relationship with psychological stress (8); 
comparable studies are lacking for acute NP. However, it has 

been confirmed as a prognostic factor for the persistence of 
acute low back pain (9). The measurement of stress can be 

conducted subjectively using questionnaires or objectively 
through the measurement of hair cortisol levels (10). Evidence 

for a strong association between objective stress measurement 
and subjective stress measures remains inconclusive (11–13).

Additional modifiable factors contributing to the development 
or maintenance of persistent pain include pain-related activity 

patterns. They re,ect a relationship between physical and 
psychosocial factors, as well as beliefs, and involve behaviors 

such as fear avoidance, activity pacing, or persistence (14). For 
instance, persistence entails continuing a task despite the pain, 

even to the point of severe pain aggravation (15). Persistence 
can be further categorized into two subtypes: eustress 

persistence, characterized by focused cognitive distraction and 
positive mood (15), and distress persistence, characterized by 

thought suppression, distress, and perseverative behavior (16). 
Activity pacing represents a strategy that balances activity and 

regeneration to achieve favorable outcomes (17). Finally, fear 
avoidance decreases pain-associated activities and involves pain 

catastrophizing (18). Behavioral research has extensively 
examined fear avoidance as a risk factor for persistent pain 
(19–24). Recent findings in participants with acute low back 

pain showed that baseline persistence and not fear avoidance 
was associated with persistent pain (25).

In individuals with acute NP, the association of these activity 
patterns remains understudied to date. Recently, we have 

suggested that individuals with acute NP who were classified 
with distress persistence have the highest stress levels compared 

to the other activity patterns (26). The relationship between 
activity patterns and stress presents an intriguing area of 

research. How individuals perceive and regulate stress may be 
in,uenced by their activity patterns, which in turn affect how 

stress impacts the persistence of pain.
Indeed, in individuals with acute low back pain, measurements 

of saliva cortisol levels taken after awakening, which re,ect 
momentary stress, showed that persistent behavior was 

associated with lower cortisol levels than other activity patterns 
(27). Individuals experiencing persistent pain showed markedly 

higher hair cortisol levels compared to healthy adults (28). 
However, in our recent findings individuals with acute NP had 
hair cortisol levels that were not elevated (26). As longitudinal 

studies are lacking, it is unclear whether hair cortisol 
concentration, perceived stress levels, and activity patterns can 

be used to prognose the persistence of NP.
The primary aim of this study was to investigate whether 

activity patterns and subjective and objective stress 
measurements, in the acute phase of NP, could serve as 

prognostic factors for the persistence of pain and disability. 
Furthermore, the study explored the correlation between 

subjective and objective assessments. Understanding this 
interaction could provide valuable insights for tailoring pain 

management interventions.

Methods/design

Study design

This study is part of a larger cohort study investigating clinical, 
somatic, and psychosocial factors in individuals with acute NP 

over one year. In this publication, time point 1 (T1), which 
occurs within four weeks of pain onset, and time point 2 (T2), 

three months after pain onset, were analyzed. This research 
project adhered to the STROBE guidelines (29) and was 

conducted in accordance with the principles outlined in the 
Declaration of Helsinki. Approval was obtained from the local 

Ethics Committee (BASEC-No. 2022-00846). More information 
about the study procedures can be found in the published study 

protocol (30).

Participants

The cohort included 125 participants with acute NP (pain 
onset less than four weeks), who had been pain-free for the 

previous three months, aged 18–65 years, and proficient in 
German. Exclusion criteria were recent pregnancy or childbirth, 

peripheral or central neurological, oncological, chronic 
pulmonary, or acute psychiatric conditions. Frequent headaches 

(≥2x monthly) and migraines (≥1x monthly) were excluded due 
to their high association with NP and moderate evidence of 
cervical musculoskeletal impairments (31, 32).

Abbreviations  

CI, confidence interval; CRI, credible interval; LMM, linear mixed models; 
NDI-G, German version of the neck disability index; NP, neck pain; NRS, 
numeric rating scale; SCI, stress and coping inventory.
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Recruitment

Participants were recruited from local physiotherapy practices, 
healthcare centers, universities, and companies. Interested 
individuals registered online and underwent an eligibility screening 

via survey and telephone interview. Of the 639 individuals who 
registered online, 514 were excluded prior to study enrollment due 

to non-response, failure to meet the inclusion criteria (as 
determined during telephone screening), or withdrawal. No data 

were collected from these individuals. Figure 1 shows the study 
,ow chart. Before the first appointment (T1), detailed study 

information was provided, and informed consent was obtained.

Data collection

Data were collected and managed using REDCap tools 
Version 15.5.3 hosted at the Zurich University of Applied 

Sciences (33, 34). Participants received a personal link to 
complete the online survey, and reminders were sent if it was 

not completed within three days. Participants were invited to a 
clinical testing center to collect hair samples.

Measurements

Baseline characteristics
Sociodemographic data, including educational level, emp 

status, medication use, and medical consultations, were 

recorded. Furthermore, psychological variables were assessed to 
provide a broad overview of the participants’ initial conditions, 

considering factors that might in,uence their experiences and 
behaviors throughout the study. For this purpose, the 

Depression Anxiety Stress Scale–21 (35), the Pain Vigilance and 
Awareness Questionnaire (36), and the State Anxiety Scale from 
the State-Trait Anxiety Inventory (37). Lifestyle factors, such as 

smoking status and sleep quality, were assessed. Additionally, 
physical activity levels were measured using the Physical Activity 

Questionnaire—Short Form (38).

Pain

Pain intensity was measured using the PainDETECT 
questionnaire (39). The first component of the questionnaire 

consists of seven questions regarding pain and pain quality, 
which demonstrates adequate internal consistency (Cronbach’s 

alpha = 0.83) (39). Each item can be rated from 0 (no pain) to 
10 (maximal pain) using the Numeric Rating Scale (NRS). The 
mean pain intensity is computed from the present, the strongest, 

and the average pain during the last four weeks, re,ecting items 
1–3. The minimal important change for the NRS is proposed as 

two points (40). The test-retest reliability and construct validity 
of the NRS scale are high, with coefficients of 0.96 and 0.95 (41).

Disability
Disability was assessed using the German version of the Neck 

Disability Index (NDI-G) (42). The self-administered 
questionnaire includes ten items referring to activities (personal 
care, lifting, driving, work, sleeping, concentration, reading, and 

FIGURE 1 

Study flowchart. N, number of participants; NP, neck pain, T1, time point 1 (within four weeks of pain onset); T2, time point 2 (three months after pain 

onset).
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recreation) and pain (pain intensity and headache). Each item is 
scored from 0 (no pain or functional limitation) to 5 points 

(worst pain and maximum limitation). The sum score ranges 
from a minimum of 0 points (no disability) to a maximum 

score of 50 points (total disability). This score is then converted 
into a percentage (0–100) (43). The minimal important change 

for the NDI-G is proposed as three points (40). With an ICC 
value of 0.92, NDI-G demonstrated high reliability. Cronbach’s 

alpha is 0.96, indicating a high correlation among the items on 
the scale (42).

Activity patterns
The Avoidance Endurance Fast Screening tool was selected for 

its concise and time-efficient format, making it well-suited for 
clinical use (44). It was developed from the 37-item Avoidance- 

Endurance Questionnaire (45) by reducing the number of items 
and scales while maintaining internal validity (44). The 

Avoidance Endurance Fast Screening tool consists of nine items, 
with seven forming the Pain Persistence Scale and two 

constituting the Depressive Mood Scale. The Pain Persistence 
Scale demonstrates a sensitivity of 0.93 and a specificity of 0.81, 
with an AUC of 0.87 (95% CI: 0.80–0.93). The Depressive Mood 

Scale shows a sensitivity of 0.82 and a specificity of 0.92, with 
an AUC of 0.87 (95% CI: 0.80–0.94) (44).

Each item in the Pain Persistence Scale is rated on a Likert 
scale from 0 (never) to 6 (always) and is completed twice to 

capture behaviors related to mild and severe pain. The two 
items in the Depressive Mood Scale assess an individual’s 

general mood over the previous two weeks. Response options of 
the first item include: “I can enjoy things just as much as I used 

to” (scored 0) or “I can no longer enjoy things as much as 
I used to” (scored 1). The second item examines decision- 

making difficulty, offering the responses: “I am as decisive as 
ever” (scored 0) or “I find it harder than usual to make 

decisions” (scored 1). Based on the established classification 
criteria (44), the screening questionnaire categorizes participants 

into one of four activity patterns: eustress persistence, distress 
persistence, activity pacing, or fear avoidance.

Stress
Subjective measurement: The Stress and Coping Inventory 

(SCI) evaluates an individual’s current and long-term stress 
levels, as well as their physical and mental symptoms of stress 

(46). It consists of five scales: “Stress due to uncertainty”, “Stress 
due to excessive demands”, “Stress due to loss and negative 

events that have actually occurred”, “Physical and psychological 
stress symptoms” and “Dealing with stress (coping)”. This study 

used three of the five scales: 

1. The “Stress due to uncertainty” scale consists of seven items 
that assess the degree to which participants felt burdened by 

specific uncertainties over the past three months. 
Respondents rate their experiences using a Likert scale 

ranging from 1 (not at all burdened) to 7 (very heavily 
burdened), resulting in a maximum number of 49 points. 

The items address key areas of life, including finances, 

housing, employment or training, relationships, health, and 
personal expectations. The scale demonstrated good internal 

consistency (α = .72) (46).
2. The “Stress due to excessive demands” scale comprises seven 

items that assess the extent to which participants felt 
overwhelmed by various events and problems over the past 

three months. Responses are rated on a Likert scale from 1 
(not at all overwhelmed) to 7 (extremely overwhelmed), 

resulting in a maximum number of 49 points. The items 
address key areas of life, including finances, housing, 

employment or training, relationships, health, and personal 
expectations. The scale demonstrated good internal 

consistency (α = .69) (46).
3. The “Physical and psychological stress symptoms” scale 

comprises 13 items that assess physical and psychological 

symptoms associated with stress. Participants were asked 
about symptoms experienced in the past six months and 

rated them on a Likert scale from 1 (strongly disagree) to 
4 (strongly agree), resulting in a maximum number of 52 

points. The items cover a range of symptoms, including 
sleep disturbances, stomach pressure, headache, sadness, 

lack of motivation, significant weight changes, reduced 
sexual desire, withdrawal, concentration difficulties, and 

nightmares. The scale achieves an excellent reliability 
(α = .86) (46).

Objective Measurement: Hair Cortisol and Cortisone 
Concentration were used as objective biomarkers of long-term 

stress exposure. Hair Cortisol Concentration measures stress 
objectively with good test-retest reliability (r = .73) (47). It is 

robust against hair-related factors such as natural hair color 
(48). In addition, cortisone was included as a complementary 

marker to capture long-term hormone regulation better. It may 
enhance the validity of stress assessment by providing 

supplementary information and re,ecting perceived stress across 
various populations (49–52).

The hair samples were collected at the posterior vertex as close 
to the head as possible and packaged for dispatch according to the 

specified protocol (53). To maintain sample integrity, they were 
stored in a sealed, dark container until analysis. For 

transportation, samples were shipped in multiple layers of 
protective packaging to prevent damage or contamination. 

Cortisol and cortisone concentrations were quantified in the 
laboratory of Prof. Kirschbaum using liquid chromatography– 

tandem mass spectrometry (LC-MS/MS), following the 
established protocol of this laboratory (53). The proximal 1 cm 

segment of hair was analyzed to assess hormone levels for the 
past month (Cortisol 1 month, Cortisone 1 month). The 

subsequent 3 cm segment was used to re,ect cumulative 
secretion over the previous three months (Cortisol 3 months, 

Cortisone 3 months) (49). If hair length was insufficient, only 
the proximal segment was analyzed. Because men generally have 

higher hair cortisol levels, measured in pg/mg, than women, it is 
essential to interpret hair cortisol levels differently for men and 

women (48).
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Data analysis

Analyses were conducted using the statistical software 
R version 4.2.1–4.4.3; the complete R code is available in the Git 

repository (https://github.com/RitaMorf/Regression-3-months).
Data from three participants were missing for the analysis of 

activity patterns and the Stress and Coping Inventory at T2. 
Hair samples were not collected from six participants at T1 and 

nine at T2 due to lack of consent. To ensure accurate cortisol/ 
cortisone results, nine outliers were excluded at T1 and ten were 

excluded at T2. Additionally, data on pain intensity and disability 
at T2 were missing for 18 participants. Outliers in hair cortisol 
and cortisone concentrations were defined as values exceeding the 

95th percentile based on unpublished reference values from a 
larger cohort of 13,354 participants (mean age 48.1 ± 24.0 years, 

69% female) (Clemens Kirschbaum, personal communication).

Sample characteristics
Descriptive statistics were used to summarize the baseline 

characteristics of the study sample, as presented in Table 1. 
Additionally, these analyses were used to screen for potential 
data outliers and assess the distribution of the collected variables.

Correlations of the subjective and objective stress 

measures
Pearson correlations were calculated to examine the between 

subjective stress measures—including the scales “Stress due to 
uncertainty”, “Stress due to excessive demands” and “Physical 

and psychological stress symptoms”—and objective stress 
measures (Cortisol 1 month/Cortisone 1 month and Cortisol 3 
months/Cortisone 3 months) at T1.

Associations between explanatory variables at T1 

and pain intensity at T2
To assess the associations between the independent variables/ 

fixed effects (activity patterns, objective stress, subjective stress, 
and pain intensity) in the acute phase (T1) and the dependent 

variables (disability and pain intensity) at three months (T2), a 
linear mixed-effects model (LMM) was employed. Age and sex 
were considered potential confounders and were therefore 

included as independent variables, while depression was treated 
as a covariate and subjects were modeled as random slopes.

Two different models were fitted to the data: 

1. Pain intensity, activity patterns, Cortisol 1, Cortisone 1, 
subjective stress (T1) as a prognostic factor, and pain 

intensity at time point (T2) as the dependent variable.
2. Pain intensity, activity patterns, Cortisol 1, Cortisone 1, 

subjective stress at time point (T1) as a prognostic factor, 
and disability at time point (T2) as the dependent variable.

First, multicollinearity was assessed. A high correlation coefficient 

(r = .75) was observed between the SCI subscales “Stress due to 
uncertainty” and “Stress due to excessive demands”. To reduce 

redundancy and improve model stability, the latter variable was 
excluded After this exclusion a reduced correlation (r = .57) 
could be found. Multicollinearity was further evaluated using 

variance in,ation factors. Model assumptions were checked 
using residual and posterior predictive plots, which are provided 

in the Supplementary Material. Based on these diagnostic 
checks, a Bayesian multilevel model for a continuous outcome 

was applied for pain intensity, whereas a Bayesian zero-in,ated 
multilevel model was used for NDI. Missing data were handled 

via median imputation, and model parameters for linear mixed 
models were estimated using restricted maximum likelihood. For 

the outcome disability (NDI-G), posterior predictive checks and 
inspection of distributions supported the use of a zero-in,ated 

negative binomial model, which provided the best fit to the 
data. For the outcome pain intensity, a student-t regression 

model yielded the best model fit, as indicated by posterior 
checks and residual diagnostics. Additionally, model fit was 
evaluated using pseudo-R2 values for generalized linear mixed 

models, reporting both marginal and conditional R2 (54). To 
account for inherent uncertainty in the data and model 

parameters, Bayesian multilevel default priors in brms were 
used. This approach enables a coherent quantification and 

propagation of uncertainty throughout the modeling process 
(55). The fixed effects estimates for pain intensity and disability 

were interpreted using the minimal clinically important change 
threshold for subjects with NP (40, 56).

Results

Baseline characteristics

Between January 2023 and May 2024, 125 participants with 

acute NP (mean age 29.4 ± 9.2 years, 66% female) were enrolled. 
Table 1 outlines the sample characteristics, is adapted from our 

previous publication (26), showing that most participants had a 
university-level education, painkiller consumption was generally 

low, the disability levels showed minor symptoms (mean 
NDI = 22.35%), and pain intensity was moderate (mean 

NRS = 4.93). Furthermore, participants were highly physically 
active, with a mean IPAQ-SF score of 4,135.7 MET (Metabolic 

Equivalent of Task) -min/week. This value is substantially above 
the 3,000 MET-min/week threshold, categorizing the sample as 

“highly active” according to IPAQ-SF guidelines (57).
After inclusion, reasons for loss to follow up after 3 months 

included time restrictions (n = 3), withdrawal from participation 
(n = 2), and dissatisfaction with the study itself (n = 3).

Correlation of the subjective and objective 
stress measures at T1

Cortisol 1 month
The Pearson product-moment correlation revealed weak 

correlations between Cortisol 1 month and “Stress due to 
uncertainty” (r = −0.07, n = 107, p = 0.446, CI = −0.262–0.118), 

“Stress due to excessive demands” (r = 0.02, n = 107, p = 0.861, 
CI = −0.174–0.207) or “Physical and psychological stress 
symptoms” (r = −0.011, n = 107, p = 0.913, CI = −0.201–0.180). 
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TABLE 1 Baseline characteristics. Adapted from (26).

Variable Mean (SD) Range 95% CI

Sociodemographic variables

Age (years) 29.4 (9.2) 18–65 (27.73, 30.98)

Female (%) 81 (66)

Educational level

Apprenticeship (%) 9 (7.3)

Higher education: university (%) 104 (84.6)

Other (%) 10 (8.1)

Employment

Unemployed (%) 3 (2.4)

Part-time (%) 41 (33.3)

Full-time (%) 31 (25.2)

In training (%) 48 (39.0)

Medication

No medication (%) 32 (26.0)

Painkillers (%) 20 (16.3)

Opioids (%) 0

Antidepressants (%) 2 (1.6)

Muscle relaxants (%) 4 (3.3)

Cannabis (%) 3 (2.4)

Medical consultations

No consultation of medical professionals (%) 51 (41.5)

General practitioner (%) 24 (19.5)

Therapy (physio, chiro, psycho, massage) (%) 41 (33.3)

Neck pain-related variables

Pain: PainDETECT, 0–10 4.93 (1.61) 1.33–8.33 (4.64, 5.21)

Disability: NDI 0–100% 22.35 (10.05) 4–50 (20.54, 24.17)

Psychological variables

Depression-Scale: DASS21 7.93 (7.82) 0–40 (6.55, 9.32)

Stress-Scale: DASS21 13.62 (8.63) 0–38 (12.10, 15.15)

Anxiety: STAI-S 43.99 (9.88) 23–70 (42.25, 45.74)

Pain Vigilance: PVAQ 36.54 (9.98) 12–63 (34.78, 38.31)

Lifestyle Factors

Physical Activity: IPAQ-SF (min/week) 4,135.7 (3,594.71) 297–19,836 (3,495.17, 4,776.17)

Sedentary activity: IPAQ-SF (min/week) 491.1 (252.51) 60–2,400 (446.44, 535.69)

Smoker (%) 10 (8.1)

Sleep quality: 0–10 4.40 (2.08) 0–9 (4.04, 4.78)

Activity Patterns: AE-FS

Pain Persistence Scale 3.23 (1.12) 1–6 (3.04, 3.43)

Depressive Mood Scale 0.91 (0.77) 0–2 (0.77, 1.05)

Subjective Stress: SCI

“Stress due to uncertainty” 20.65 (8.16) 7–39 (19.23, 22.07)

“Stress due to excessive demands” 17.22 (6.57) 6–42 (16.08, 18.37)

“Physical and psychological stress symptoms” 12.54 (6.50) 1–27 (11.41, 13.67)

Objective Stress: Hair Cortisol/Cortisone Concentration

Cortisol 1 month male (pg/mg) 3.18 (1.80) 1.21–10.1 (2.59, 3.77)

Cortisol 3 months male (pg/mg) 2.97 (1.28) 0.72–7.66 (2.51, 3.42)

Cortisol 1 month female (pg/mg) 3.37 (2.34) 0.29–14.0 (2.83, 3.91)

Cortisol 3 months female (pg/mg) 3.05 (2.48) 0.25–14.1 (2.45, 3.64)

Cortisone 1 month male (pg/mg) 13.5 (4.92) 5.85–29.9 (11.8, 15.2)

Cortisone 3 months male (pg/mg) 12.0 (4.76) 4.22–27.9 (10.3, 13.6)

Cortisone 1 month female (pg/mg) 13.6 (6.51) 0.23–29.4 (12.0, 15.1)

Cortisone 3 months female (pg/mg) 9.17 (5.21) 0.41–24.9 (7.92, 10.4)

Numbers are means (standard deviations) of participants unless stated otherwise.
95% CI, 95% confidence interval; AE-FS, avoidance-endurance fast screen; DASS21, depression anxiety stress scale; IPAQ-SF, international physical activity questionnaire short form; Mean 
(SD, standard deviation); NDI, neck disability index; PainDETECT, numeric rating scale (0–10); PVAQ, pain vigilance and awareness questionnaire; sleep quality: 0 = very bad, 10 = very 
good, SCI, stress and coping inventory; STAI-S, state-trait anxiety inventory-state.
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Scatterplots illustrating the associations between subjective and 
objective stress measures are provided in the Supplementary 

Material.

Cortisone 1 month

Weak correlations were found between Cortisone 1 month 
and “Stress due to uncertainty” (r = −0.01, n = 107, p = 0.913, 

95% CI = −0.201–0.180), “Stress due to excessive demands” 
(r = 0.09, n = 107, p = 0.370, 95% CI = −0.104–0.274) or “Physical 

and psychological stress symptoms” (r = 0.04, n = 107, p = 0.667, 
95% CI = −0.150–0.231).

Cortisol 3 months
The Pearson product-moment correlation revealed weak 

correlations between Cortisol 3 months and “Stress due to 
uncertainty” (r = 0.06, n = 102, p = 0.545, 95% CI = −0.135– 

0.252), “Stress due to excessive demands” (r = 0.23, n = 102, 
p = 0.021, 95% CI = 0.035–0.404) or “Physical and psychological 

stress symptoms” (r = 0.12, n = 102, p = 0.215, 95% 
CI = −0.072–0.311).

Cortisone 3 months
Weak correlations were found between Cortisone 3 months 

and “Stress due to uncertainty” (r = −0.07, n = 103, p = 0.479, 
95% CI = −0.260–0.125), “Stress due to excessive demands” 

(r = 0.01, n = 103, p = 0.912, 95% CI = −0.183–0.204) or “Physical 
and psychological stress symptoms” (r = −0.06, n = 103, 

p = 0.542, 95% CI = −0.251–0.134).

Associations between explanatory variables 
at T1 and pain intensity at T2

Pain intensity in acute NP (T1) [estimate: 0.871, 95% 
Credible Interval (CRI): 0.442–1.276] was associated with 

higher pain intensities after 3 months (T2). The activity 
patterns, subjective stress (“Stress due to uncertainty” and 

“Physical and psychological stress symptoms”), Cortisol 1, 
and Cortisone 1 demonstrated weak associations with pain 

intensity (T2). The model explained 59% of the variance, with 
an R2 of 0.592 (95% CRI: 0.295–0.937). Table 2 presents the 

fixed effects from the LMM, which evaluates the associations 
between the explanatory variables and pain intensity over a 

three-month period.

Associations between explanatory variables 
at T1 and disability at T2

Pain intensity in the acute phase (T1) (estimate: 0.171, 95% 
CRI: 0.011–0.309) and subjective stress (“Stress due to 

uncertainty”) (estimate: 0.210, 95% CRI: 0.048–0.381) were 
associated with higher disability after 3 months (T2). The 

activity patterns, “Physical and psychological stress symptoms”, 
Cortisol 1, and Cortisone 1 demonstrated weak associations with 
disability. The model explained 52% of the variance, with an R2 

of 0.522 (95% CRI: 0.286–0.785). Table 3 presents the fixed 

effects from the LMM, which evaluates the associations between 
explanatory variables and disability over a 3-month period.

Discussion

The study investigated whether activity patterns and subjective 
and objective stress measurements, in the acute phase of NP, could 

serve as prognostic factors for the persistence of pain and 
disability. Furthermore, the study explored the correlation 

between subjective and objective assessments.

TABLE 2 Fixed effects estimates for pain intensity at T2.

95% CI

Explanatory Variables T1 Estimate SE 2.5% 97.5%

Intercept 3.275 0.526 2.221 4.276

Age −0.135 0.225 −0.573 0.297

Gender: female 0.201 0.483 −0.767 1.158

Depression −0.202 0.291 −0.770 0.361

Cortisol −0.026 0.260 −0.481 0.548

Cortisone 0.125 0.268 −0.395 0.674

Fear Avoidance −0.406 0.898 −2.150 1.409

Distress Persistence 0.540 0.741 −0.920 1.976

Eustress Persistence 0.623 0.487 −0.379 1.576

Pain intensity 0.871 0.210 0.442 1.276

“Stress due to uncertainty” 0.374 0.256 −0.136 0.863

“Physical and psychological stress 
symptoms”

0.169 0.292 −0.389 0.760

CI, confidence interval; Cortisol, hair cortisol concentration; SE, standard error; Tl, time 
point 1 (within four weeks of pain onset). T2, time point 2 (three months after pain onset).
Activity Patterns: Activity Pacing was used as a reference.
Depression: measured with Depression Anxiety Stress Scale—21 (DASS-21), Pain intensity 
measured with PainDETECT questionnaire, “Stress due to uncertainty” and “Physical and 
psychological stress symptoms” measured with Stress and Coping Inventory (SCI).

TABLE 3 Fixed effects estimates for disability at T2.

95% CI

Explanatory Variables T1 Estimate SE 2.5% 97.5%

Intercept 2.580 0.190 2.252 2.953

Age 0.027 0.083 −0.114 0.186

Gender 0.197 0.169 −0.149 0.476

Depression 0.066 0.100 −0.114 0.272

Cortisol 0.122 0.081 −0.040 0.279

Cortisone −0.152 0.095 −0.329 0.038

Fear Avoidance 0.058 0.292 −0.550 0.589

Distress Persistence −0.169 0.222 −0.617 0.298

Eustress Persistence 0.228 0.158 −0.097 0.545

Pain intensity 0.171 0.080 0.011 0.309

“Stress due to uncertainty” 0.210 0.087 0.048 0.381

“Physical and psychological stress 
symptoms”

0.048 0.115 −0.149 0.277

CI, confidence interval; Cortisol, hair cortisol concentration; SE, standard error; T1, time 
point 1 within four weeks of pain onset); T2, time point 2 (three months after pain onset).
Activity Patterns: Activity Pacing was used as a reference.
Depression: measured with Depression Anxiety Stress Scale—21 (DASS-21), Pain intensity 
measured with PainDETECT questionnaire, “Stress due to uncertainty” and “Physical and 
psychological stress symptoms” measured with Stress and Coping Inventory (SCI).
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Correlation of the subjective and objective 
stress measures at T1

The findings revealed weak correlations between objective and 

subjective stress measures, which adds to the existing body of 
inconsistent research (12, 13, 58). The subjective measurement 

method relied on an individual’s perception of stress, which varies 
from person to person in terms of how situations are assessed, how 

stress is experienced, and its impact on the individual (59). In 
contrast, objective measures assess hair cortisol levels and provide 

quantifiable data that is independent of personal bias. While 
subjective measures offer insight into perceived stress, objective 
measures reveal the body’s biological responses, highlighting the 

complex interplay between the psychological and physiological 
dimensions of stress (58). The two measurement methods also 

differed in terms of their timeframe. The SCI assessed perceived 
stress over the past three to six months. In contrast, hair cortisol 

concentrations re,ected physiological stress over either the past 
month (Cortisol 1 month) or the past three months (Cortisol 3 

months), encompassing the acute pain phase and beyond. To 
account for this difference, we calculated correlations for both 

cortisol assessments, which suggests that the lack of association may 
not be explained solely by timing differences. In a previously 

published analysis from the same dataset, we reported that Hair 
Cortisol values were notably low, raising the possibility that no 

relevant physiological stress response occurred (26). However, hair 
cortisol concentration can be affected by several confounding 

factors. Frequent hair washing and the use of oral contraceptives 
have been shown to correlate negatively with hair cortisol (58), 

while UV exposure may also reduce cortisol levels (60). In contrast, 
endurance athletes often exhibit higher cortisol concentrations in 

their hair (61). Such factors could have contributed to the 
variability observed in our sample.

Taken together, this suggests that although participants reported 
subjective stress, it may not have been strong or sustained enough to 

activate a biological response detectable through hair cortisol. These 
findings reinforce the idea that subjective and objective stress 

measures may not assess the same underlying construct and should 
be interpreted as complementary rather than interchangeable. 

Further research is needed to clarify the conditions under which 
psychological stress translates into physiological activation and how 

this dynamic in,uences pain persistence.

Associations between explanatory variables 
and pain intensity and disability at T2

Stress and pain

Pain intensity at T1 was associated with both disability and pain 
intensity at 3-month follow-up. Objective and subjective stress 

measures were weakly associated with pain intensity at the 
3-month follow-up. The only exception was a weak association 

between “Stress due to uncertainty” and disability; however, effect 
sizes were minimal and their magnitude falls below the minimal 

clinically important change threshold, and thus they are not 

considered clinically meaningful (40, 56). These findings partially 
align with previous findings linking psychological stress and 

disability in chronic NP (8). Given the low cortisol concentrations 
observed in our sample, it is possible that the reported subjective 

stress did not translate into a corresponding physiological stress 
reaction. This points to the possibility that contextual factors, such 

as life circumstances, coping resources, or the acute nature of 
symptoms, may play a more decisive role. However, it remains 

possible that stress becomes more in,uential as symptoms persist 
and functional limitations increase. Therefore, follow-up 

measurements at later time points may offer more relevant insights 
into the relationship between stress and persistent pain or disability.

Furthermore, the interaction between pain and stress has often 
been treated unidirectional, typically with stress viewed as a cause 
of pain (62). Whether stress acts as a prognostic factor or emerges 

as a consequence of persistent pain remains a complex question, as 
each can affect and reinforce the other (63). It is also conceivable 

that stress does not exclusively exacerbate pain but may, under 
certain circumstances, activate compensatory biochemical 

mechanisms with analgesic effects, such as the endogenous 
opioid system (64). These mechanisms may be particularly 

relevant in physically active individuals and could partly account 
for the absence of associations observed in the present study.

Further research is needed to better understand the complex 
and reciprocal relationship between stress and pain, particularly 

during the transition from acute to chronic phases.

Activity patterns

The present cohort showed weak associations between the 
different activity patterns and pain intensity or disability after three 
months. This is in line with earlier literature suggesting that fear 

avoidance or persistence are of limited importance during the acute 
or very early subacute phase, becoming more relevant only as pain 

persists (65, 66). Our recent findings in individuals with acute low 
back pain suggest that baseline eustress persistence, rather than fear 

avoidance, was associated with the development of persistent pain 
over one year (25). It is therefore conceivable that the three-month 

time point may represent a more meaningful starting point for 
prognostic long-term outcomes. Symptoms persisting beyond this 

period may be perceived as burdensome, which could increase 
their prognostic value for persistent pain and disability.

Strengths and limitations

Objective and subjective stress are rarely assessed simultaneously, 
yet their combined evaluation offers meaningful insights by 

capturing both the individual’s perceived stress and the 
physiological response of the body. In our study, however, the 

objective stress measurement via hair cortisol was limited by partial 
participant compliance, as not all agreed to provide hair samples, 

resulting in missing data and reduced statistical power of the 
cortisol analyses. Moreover, our sample was on average 

younger and predominantly female, both factors known to be 
associated with lower hair cortisol levels (48), which may have 
further reduced the variance necessary to detect correlations. 
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These sample characteristics, together with the incomplete data, 
should be considered when interpreting the results.

This sample was not specifically recruited to address the 
present research question but represents a subset of participants 

from a larger project, which may limit the precision with which 
the findings address the specific aims of this study.

The recruitment via physiotherapy clinics proved difficult, as 
individuals with acute neck pain often delay seeking 

physiotherapeutic care. As an alternative, a large portion of the 
sample was recruited through mass email distributions at 

academic institutions. This approach resulted in a sample 
characterized by high educational attainment. This factor limits 

the generalizability of the findings.
Given that only a few consistent prognostic factors for the 

development of persistent pain and disability have been confirmed 

so far, this raises the question of whether current measurement 
tools truly capture the most relevant aspects. Other, less frequently 

assessed aspects of patients’ experiences may play a decisive role in 
the transition from acute to chronic symptoms.

Conclusion

This study found limited prognostic value of subjective and 
objective stress, as well as activity patterns, with pain and 

disability three months after acute neck pain onset. The lack 
of clinically relevant associations raises the question of 

whether we capture the most relevant aspects. Future research 
should explore whether other, less frequently assessed 

psychosocial or contextual aspects better re,ect the transition 
to persistent pain and disability and consider extended 

follow-up time points.
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