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Abstract  Despite a growing evidence base indicating that trait procrastination
increases risk for specific outcomes reflecting poor health, there is less evidence exam-
ining the implications of procrastination for overall health status, or investigating the
explanatory processes involved. Guided by the Cognitive Process model of self-rated
health (SRH), and the Procrastination-Health model, the current study extended previous
research and theory by quantifying the link between trait procrastination and SRH
across multiple samples and testing the contributions of stress. Additionally, we explored
the link between chronic procrastination and the SRH-FSRH discrepancy. Thirty-six
samples (N = 8,603) completed measures of trait procrastination, current and future
SRH. A subset completed measures of perceived stress. Random effects meta-analyses
were conducted on the raw and semi-partial correlations of trait procrastination with
SRH and future SRH, controlling for perceived stress. Moderator analyses were conducted
where warranted. Procrastination scores were examined in relation to the discrepancy
between current and future SRH. Trait procrastination was significantly associated with
poor SRH (r,, = .21;95%C1s[.19, .23]), and to a lesser extent, poor future SRH (r,,, =
13;95%C1s[.09, .18]). The adjusted effects were reduced but significant for SRH, and non-
significant for future SRH. Procrastination was modestly associated with a gap between
current and future SRH. reflecting an expectation that health would improve slightly over
the next 10 years. The current findings indicate that chronic procrastination is associated
with poor overall health status that can be explained in part by higher levels of stress.
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Introduction

As a form of chronic self-regulation failure involving the unnecessary and voluntary delay of
important intended tasks despite knowing that negative consequences may result (REFS), trait
procrastination is increasingly being recognised as a risk factor for poor health. A growing evidence
base has highlighted that chronic procrastination confers risk for a range of adverse health
outcomes, including poor health behaviours, higher stress, poor sleep quality, acute health problems
(Johansson et al., 2023; Kelly & Walton, 2021; Li et al., 2020; Reinecke et al., 2018; Sirois, 2007;
Sirois et al., 2015; 2023; Sirois & Biskas, 2024), and even hypertension and cardiovascular disease
(Sirois, 2015). The importance of understanding the health consequences of procrastination and
the processes that contribute to this risk is further underscored by its prevalence. Estimates suggest
that 50 percent of the student, and 15-25 percent of the adult population chronically procrastinate
(Ferrari et al., 2005), with health being the life domain where adults reported the highest levels
of procrastination in one study (Hen & Goroshit, 2018).

Despite this burgeoning evidence base demonstrating the health-related consequences of procras-
tination, there is little research into whether the links between procrastination and poor health
outcomes translate into poor overall health status. Among the various indicators of health status,
self-rated health (SRH) is a robust, summary measure that is known to be a reliable predictor
of morbidity and mortality (Jylh&, 2009), and biomarkers predictive of health (Kananen et al.,
2021), after accounting for other risk factors. To date, findings from the limited research examining
whether chronic procrastination is linked to SRH are inconclusive, and have been conducted
with specialised samples (Basirimoghadam et al., 2020; Johansson et al., 2023; Sirois & Biskas,
2024). It is also unclear whether stress, a key explanatory route proposed by the Procrastination-
Health Model (Sirois, 2007; Sirois et al., 2003) linking chronic procrastination to poor health,
holds relevance for understanding why procrastination might be linked to poor SRH. The current
study addressed these gaps and extended theory by investigating across a range of diverse samples,
the extent to which procrastination is linked to SRH and by extension, future self-rated health
(FSRH), and the potential explanatory role of stress.

Procrastination and self-rated health

Investigations into the health consequences of chronic procrastination have tended to focus on
specific outcomes rather than overall health status. This is somewhat surprising given the known
contributions of health behaviours, stress, sleep quality, and acute health issues to overall health
(Hirotsu et al., 2015; Wirtz & Kénel, 2017) , each of which have been identified as a consequence of
chronic procrastination (Johansson et al., 2023; Li et al., 2020; Sirois et al., 2015; 2023). To date,
three studies have examined the link between procrastination and SRH, a widely used and robust
indicator of health status. In two cross-sectional studies, nurses prone to procrastination reported
poorer SRH (Basirimoghadam et al., 2020; Sirois & Biskas, 2024). However, in a longitudinal study
of Swedish university students, a tendency to procrastinate was not significantly associated with
SRH 9 months later (Johansson et al., 2023). Although it could be argued that the relative health
and youth of the student sample compared to that of the nurses in the other studies (e.g., mean age
= 41.09; (Sirois & Biskas, 2024) may account for this null finding, procrastination was predictive
of a number of other specific health outcomes in the student sample (Johansson et al., 2023). It
therefore remains unclear the extent to which chronic procrastination may contribute to over all
health status, and the extent to which this varies across different populations.



From a conceptual perspective, it is reasonable to expect that procrastination impacts SRH.
According to the Cognitive Process Model (Jylhd, 2009), SRH arises from an active cognitive
process involving both reflective and intuitive evaluations of health that is necessarily contextu-
alised within a framework of individual and socio-cultural differences. The answer to the question
“How do you rate your current health?” is viewed as a product of a multi-stage process that
involves first considering what the relevant components of health are in terms of cultural and
personal-historical factors, and then appraising the state of one’s health through the lens of
individual states, traits, and social comparisons (see Figure 1). As a trait characterised by high
levels of negative affect (REFS), chronic procrastination would therefore be expected to contribute
to negative evaluations of one’s health. Indeed, research applying the cognitive process model
found that other traits characterised by negative affect, such as perfectionistic concerns (REF),
and related to procrastination (Sirois et al., 2017), were associated with poorer SRH (Sirois &
Molnar, 2017).
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Figure 1: The role of contextual factors in self-rated health as suggested by the Cognitive
Process Model of self-rated health (Jylhd, 2009), and extended to future self-rated health.
Boxed arrows represent the processes involved in individual health evaluation and not causal
pathways. Contributors and/or moderators tested in relation to self-rated health in the current
study are presented in bold, italic font.



Procrastination and future self-rated health

In addition to the appraisals of current health status captured by SRH, there is also some evidence
that appraisals of future health may be shaped by personality traits such as chronic procrastination.
Across two chronic illness samples, neuroticism predicted variance in a temporal variant of SRH,
poor future self-rated health (FSRH), over and above demographic variables, fatigue and current
SRH (Sirois et al., 2015). Similarly, neuroticism predicted steeper declines in FSRH over time in
a large population-based sample (Lockenhoff et al., 2012). Given that neuroticism is a big five
personality factor that is moderately linked to trait procrastination (Eerde, 2003), it is reasonable
to expect that chronic procrastination would also be associated with poor FSRH. From the lens
of the cognitive process model, people who chronically procrastinate might draw upon their own
past experiences with putting off health-promoting behaviours and incurring additional stress due
to procrastination as sources of information to inform their judgements of what their future health
may be like, with the result being poor FSRH. Research examining procrastination in relation to
health-related possible selves provides some support for this proposition. In a sample of adults
working towards making healthy lifestyle changes, trait procrastination was associated with lower
outcome and efficacy expectations for achieving a hoped-for health-related possible self (Sirois,
2021).

Whereas SRH reflects actual health states seen through the lens of individual and contextual
factors, arguably FSRH reflects expectations for future health states which, although grounded in
current health, are also influenced by the individual’s own biases with respect to hoped-for and
feared future health states. Procrastination is characterised by avoidant coping, including denial,
when dealing with negative states (Sirois & Kitner, 2015), and wishful thinking (Sigall et al.,
2000). It is therefore possible that, despite current poor health habits and states, people prone
to procrastination may downplay this information when appraising future health and expect that
their future health will be better than their current health state. This would be reflected as a larger
positive discrepancy between SRH and FSRH. To date, there is little or no research examining
trait procrastination in relation to FSRH, and none that we are aware of investigating whether
procrastination is linked to a discrepancy between SRH and FSRH.

Procrastination, stress, and self-rated health

If, as research and theory suggest, chronic procrastination is associated with poor SRH, under-
standing and addressing the factors that contribute to this link is important for reducing the health
consequences of procrastination. According to the Procrastination-Health Model (Sirois, 2007;
Sirois et al., 2003), stress is one potential explanatory route for understanding why procrastination
may confer risk for poor health. Unlike the cognitive process model, which views stress as a con-
textual factor that can influence cognitive appraisals of health, the Procrastination-Health Model
focuses on the behavioural and psychophysiological processes associated with procrastination that
contribute to poor health outcomes. Not only does regular procrastination behaviour generate
unnecessary stress (Johansson et al., 2023), but the self-deprecating and ruminative thoughts about
one’s own procrastination can both create and maintain stress (Flett et al., 2012; Stainton et al.,
2000). Over time, these ruminative and perseverative thoughts can contribute to chronic stress by
repeatedly reactivating acute stressors and interfering with healthy adaptation to stress (Smyth et
al., 2013). Chronic and/or repeated stress in turn creates vulnerability for physical health issues
through suppression of the immune system and dysregulation of inflammatory responses (Cohen



et al., 2012). From the perspective of the Procrastination-Health Model (Sirois, 2007; Sirois et
al., 2003) poor SRH would therefore be a reflection of the toll that the stress associated with
chronic procrastination has on health. In short, although both models highlight stress as a key
contributing factor linking chronic procrastination to poor SRH, the processes proposed to explain
this link differs between models. Figure 2 provides an overview of an integrated model of trait
procrastination and SRH that contrasts the processes involved in each model.

Evidence from both cross-sectional and longitudinal studies supports the notion that higher
stress accounts in part for the link between trait procrastination and various health outcomes
including poor sleep quality (Sirois et al., 2015), acute health problems (Sirois, 2007; Sirois et
al., 2023) and self-rated health (Sirois & Biskas, 2024). What remains to be answered is whether
stress also explains the proposed associations of chronic procrastination with overall current and
future SRH, and if so, whether one model might offer a better explanation for this association
than the other.
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Figure 2: Integrated model of the roles of trait procrastination and stress in self-rated health
(SRH) as suggested by the Cognitive Process Model of self-rated health (Jylh&, 2009), and the
Procrastination-Health model (Sirois, 2007; Sirois et al., 2003) and extended to future self-
rated health. The processes involved in appraisals of health suggested by the Cognitive Process
Model (Jyhla, 2009) are presented above the dash line, and the Procrastination-Health model
(Sirois, 2007; Sirois et al., 2003) is presented below the dashed line. For the Cognitive Process
Model, only factors tested in the current study are included in the bullet list.



The current study

Drawing on previous research indicating that trait procrastination increases risk for poor health
outcomes, and informed by the cognitive process model of SRH and the Procrastination-Health
Model, the current study aimed to investigate the extent to which trait procrastination is linked
to poorer SRH and FSRH. We also tested the potential contribution of perceived stress in this
association, with higher stress expected to account in part for the link between trait procrastination
and poor SRH. Extending both models, we further explored whether trait procrastination is linked
to discrepancies between current and future evaluations of health.

To provide more robust tests of our hypotheses and exploratory analyses, we statistically meta-
analysed data from samples collected from our own labs. This Meta-analysis of [one’s] Own Data
or “MOD” approach has several key advantages. First, it can contribute to building a robust
evidence base for an understudied area or where the published literature is not sufficient to
conduct a traditional meta-analysis (see Cumming (2014)). Second, the MOD approach enables a
systematic investigation of potential moderators. For the current study we explored the possible
impact of demographic (age, participant sex), and methodological (sample type, procrastination
scale) moderators on the average effects. Finally, a MOD approach provides the opportunity to
address the question of why procrastination may impact SRH by testing for the role of higher
perceived stress in this association, and meta-analysing the adjusted effects. Consistent with both
the Cognitive Process Model (Jylhd, 2009) and the Procrastination-Health Model (Sirois, 2007;
Sirois et al., 2003), we expected that once the contribution of stress was partialled out of the
associations of procrastination and SRH, the magnitude of the associations would be reduced.

Method

Participants and Procedure

This pre-registered study (https://osf.io/ blinded for review) analyzed data from 36 independent
samples (total N = 8603), including 8 undergraduate and graduate student samples and 28
community adult samples. Data were collected over a fourteen-year period (2011-2025) as part of
multiple broader research programs investigating the correlates of personality and health. Ethical
approval for all data collection procedures was obtained from the relevant Institutional Research
Ethics Boards in the United States, Canada, and the United Kingdom.

Of the 36 data sets, all but one were collected online. In sample 4, 264 responses were collected
via mail-in surveys. Except for sample 4, all samples were convenience samples recruited through
the project team’s research labs. Sample 4 was recruited from a random sample of 1,000 individuals
drawn from a nursing association database.

Measures

Participants provided standard demographic information, including age, gender, ethnicity, and
education level (Table 1). Descriptive statistics and internal consistency estimates (Cronbach’s «)
for all measures are reported in Table 2.



Table 1: Demographic Characteristics of the 36 Samples

Age (Years)

Education Level (%)

Sample N % Fe- % White M SD High College / Post-
male School Univer- graduate
sity

S1 296 0.76 0.69 28.18 11.71 0.09 0.63 0.23
52 327 0.81 0.57 21.76  4.94 0.00 1.00 0.00
S3 70 0.87 0.89 35.39 14.25 0.10 0.61 0.29
5S4 587 0.94 0.73 40.93  12.73 0.00 1.00 0.00
S5 327 0.73 0.75 28.90  12.87 0.17 0.55 0.28
S6 114 0.68 0.86 3777 12.94 0.04 0.42 0.54
S7 123 0.71 — 20.70  3.16 0.16 0.83 0.01
S8 101 0.81 0.65 32.50  15.40 0.06 0.73 0.21
S9 318 1.00 0.81 2428  5.38 0.07 0.59 0.34
S10 318 0.78 0.81 28.94  10.80 0.09 0.53 0.39
S11 150 0.50 — 42.83  13.77 0.17 0.64 0.19
S12 298 0.78 0.73 2736 12.99 0.55 0.10 0.34
S13 87 0.75 0.89 49.38  8.52 0.13 0.45 0.43
S14 129 0.77 0.43 30.76  13.42 0.00 0.88 0.12
S15 725 0.69 0.82 30.51  12.23 0.09 0.51 0.40
S16 111 1.00 0.59 26.79  10.68 0.09 0.83 0.08
S17 162 0.78 0.78 22.18  5.54 0.00 1.00 0.00
S18 451 0.71 0.74 23.31 6.70 0.13 0.61 0.25
S19 187 0.74 — 22,50  5.90 0.00 1.00 0.00
520 318 0.77 0.53 29.26  13.73 0.00 1.00 0.00
S21 170 0.74 0.54 33.48 17.42 0.12 0.80 0.08
S22 271 0.70 0.63 21.32 444 0.00 1.00 0.00
523 305 0.76 0.8 25.56  12.61 0.21 0.69 0.10
S24 195 0.82 0.63 19.86  2.14 0.32 0.65 0.03
S25 124 0.76 0.86 24.35 11.73 0.34 0.56 0.10
526 163 0.69 0.74 31.09 13.27 0.15 0.62 0.24
S27 285 0.69 — 25.17  6.32 0.10 0.57 0.32
528 239 0.69 — 30.18  11.83 0.12 0.67 0.21




Age (Years)

Education Level (%)

Sample N % Fe- % White M SD High College / Post-
male School Univer- graduate
sity

S29 266 0.78 0.56 20.42 3.74 0.12 0.87 0.01
S30 322 0.62 0.8 36.37 13.95 0.13 0.60 0.27
S31 346 0.73 0.74 28.85  12.78 0.17 0.55 0.28
S32 106 0.74 0.45 24.08 4.51 0.12 0.28 0.60
S33 132 0.54 0.81 21.53 5.33 0.07 0.93 0.00
S34 100 0.51 0.66 24.50 3.49 0.25 0.56 0.19
S35 100 0.50 0.97 65.10 4.53 0.35 0.41 0.24
S36 280 0.50 0.78 39.00 12.30 0.20 0.56 0.23




Table 2: Summary of the Characteristics of the Study Variables for the 36 Independent

Samples

Trait Procrastination Stress Self Rated  Future Self

Health Rated Health

Sample o M (SD) o M (SD) M (SD) M (SD)
(N)
S1 0.9 2.85 0.67 — — — 2.40 0.98 — —
(296)
S2 0.86 2.68 0.55 0.84 296 0.55 2.36 0.85 — —
(327)
S3 (70) 092 3.22 0.89 0.87 3.35 0.66 4.03 0.95 3.59 1.04
S4 0.81 2.87 0.92 0.86 2.6 0.58 2.41 0.86 — —
(587)
S5 0.88 3.14 0.75 0.85 3.01 0.65 2.73 0.88 2.34 0.9
(327)
S6 0.88 341 0.72 0.88 2.9 0.67 2.51 0.83 2.44 0.83
(114)
S7 0.86 2.74 0.62 0.89 2.87 0.7 2.41 0.92 2.05 0.74
(123)
S8 0.89 294 0.81 — — — 2.76 1.01 2.36 1.09
(101)
S9 0.9 3.11 0.79 — — — 2.53 0.92 2.39 0.91
(318)
S10 0.9 3.14 0.83 0.89 299 0.69 2.79 0.96 2.43 0.96
(318)
S11 0.88  3.27 0.83 0.92 3.36 0.79 3.98 0.85 4.01 1.05
(150)
S12 0.87 3.06 0.74 — — — 2.60 0.86 2.35 0.87
(298)
S13 0.89 2.83 0.69 — — — 2.46 0.94 2.66 0.76
(87)
S14 091 293 0.82 0.88 3 0.69 2.67 0.96 2.57 0.93
(129)
S15 0.9 3.10 0.80 — — — 2.40 0.91 2.4 0.92
(725)
S16 091 2.55 0.69 — — — 2.80 0.92 2.55 1.04
(111)




Trait Procrastination Stress Self Rated  Future Self
Health Rated Health

Sample o M (SD) o M (SD) M (SD) M (SD)
(N)

S17 087 291 062 08 275 06 225  0.86 — —
(162)
518 09 315 077 @ — —  — 249 092 224 084
(451)
S19 088 268 058 086 292 06 220  0.80 — —
(187)
S20 088 304 076 — —  — 290 083 255 084
(318)
21 088 254 065 089 279 076 236  0.88 — —
(170)
522 087 2.70 061 087 272 068 219  0.79 — —
(271)
523 089 312 08 — —  — 22 094 — —
(305)
S24 089 331 079 —  —  — 247  0.90 — —
(195)
25 091 331 08 — —  — 229  0.79 — —
(124)
526 09 354 08 — —  — 267 096 — —
(163)
S27 08 338 073 —  —  — 248 087 — —
(285)
528 082 291 077 —  —  — 227 095 — —
(239)
S29 082 325 062 — —  — 232 096 — —
(266)
S30 089 2.8 08 — —  — 236 0091 — —
(322)
S31 088 315 075 — —  — 274 089 236  0.89
(346)
S32 085 325 075 —  —  — 244 0.3 — —
(106)
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Trait Procrastination Stress Self Rated  Future Self
Health Rated Health
Sample o M (SD) o M (SD) M (SD) M (SD)
(N)

$33 0.87 306 073 086 277 066 278  0.93 2.2 0.94
(132)
S34 — 312 08 — —  — 257 103 246 0091
(100)
S35 — 280 08 @ — — — 27l 1.02 299 1.0
(200)
S36 ~— 297 08 — —  — 257  0.98 2.8 1.05
(280)

Trait procrastination

Trait-level procrastination was assessed using one of three established self-report instruments: in
8 of the samples (samples 1, 2, 7, 16, 17, 19, 21, 22) the General Procrastination Scale (GPS; Lay
(1986)), in 27 of the samples (samples 3, 5, 6, 8-15, 18, 20, 23-36) its 9-item short-form version
(GPS-9; Sirois et al. (2019)), and in sample 4, the Revised Adult Inventory of Procrastination
(AIP-R; McCown & Johnson (2001)). The GPS includes 20 items (e.g., “In preparing for some
deadlines, I often waste time by doing other things”) rated on a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). After reverse-scoring 10 items, a mean score is calculated,
with higher scores indicating a greater general tendency to procrastinate. The GPS-9 consists of
9 items (e.g., “I often find myself performing tasks that I had intended to do days before”) from
the full GPS, using the response scale. Three items are reverse scored, and an average score is
computed, with higher scores reflect a stronger tendency to procrastinate. The AIP-R includes 15
core items (e.g., “I often think that I don’t get things done on time”) rated on a 7-point scale from
1 (strongly disagree) to 7 (strongly agree) and 5 distractor items that are not scored. Scores are
averaged, with higher scores indicate stronger procrastination tendencies

All three scales have demonstrated strong psychometric properties. Previous studies report
excellent internal consistency for the GPS (a = 0.90; Sirois (2007)), good to excellent reliability
for the GPS-9 (o = 0.85; Manap et al. (2023)), and similarly strong reliability for the AIP-R
(a = 0.84; McCown & Johnson (2001)). In the present study, reliability estimates were also high:
GPS-20 (o € [0.86 — 0.92]), GPS-9 (a € [0.81 — 0.92]),and AIP-R (o = 0.81).

Perceived stress

In 14 of the samples (samples 2-7, 10, 11, 14, 17, 19, 21, 22, and 33) perceived stress was assessed
using the Perceived Stress Scale (PSS-10; Cohen et al. (1983)), a 10-item measure designed to
capture individuals’ appraisal of stress experienced over the past month. Participants rated each
item (e.g., “In the last month, how often have you felt that you were unable to control the important
things in your life?”) on a 5-point scale ranging from 0 (never) to 4 (very often). Items reflecting
positive experiences or coping (e.g., “In the last month, how often have you felt confident about
your ability to handle your personal problems?”) are reverse-coded, and a mean score calculated,
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with higher scores reflecting greater perceived stress. A prior review of the PSS-10’s psychometric
properties across 12 studies reported good to excellent internal consistency (o € [0.74 — 0.91]; Lee
(2012)). In the current study, reliability was similarly strong, ranging from good (o = 0.81; sample
33) to excellent (o = 0.91; sample 11).

Self-rated health

Current self-rated health (SRH) was assessed with the widely used single-item measure of general
health from the Medical Outcomes Survey 36 item short form (SF-36) health questionnaire
(Framework, 1992). Single-item SRH measures are frequently used in health research due to their
strong predictive validity for a range of outcomes (Shooshtari et al., 2007). In all samples (except
sample 16), respondents rated their current health on a 5-point scale ranging from 1 (excellent) to
5 (poor). In Sample 16, a continuous measure was used ranging from 0 (poor) to 100 (excellent).

Future self-rated health (FSRH) was assessed in 20 of the samples (samples 3, 5-16, 18, 20, 31,
and 33-36) using a parallel item that asked participants to anticipate the state of their physical
health 10 years in the future. As with the current SRH measure, all but one sample used the same
5-point scale ranging from 1 (excellent) to 5 (poor), with sample 16, rating expectations for future
health rated on the continuous 0-100 scale.

Data analysis

All data analysis was carried out using a combination of R (version 5.0; R Core Team (2025))
and SPSS (version 29.0). Pearson’s correlation coefficients were computed to examine the bivariate
associations between trait procrastination and both SRH and FSRH (r,; ), between trait procrasti-
nation and perceived stress (r;,), and between perceived stress and SRH and FSRH (r,,). Following
this, to assess the unique contribution of trait procrastination to SRH and FSRH (sry ), controlling
for perceived stress, semi-partial correlations were computed using the following formula:

All r values were interpreted in line with (Cohen, 1988) guidelines, where r = 0.10 is considered
a small sized effect, r = 0.30 is considered a medium sized effect, and r = 0.50 is considered a
large sized effect. The resulting adjusted correlations were subsequently included in meta-analytic
models.

To estimate the average association between trait procrastination and both SRH and FSRH
across studies (k = 36 for SRH; k = 20 for FSRH) random-effects meta-analyses were conducted
using the Comprehensive Meta-analysis (CMA; Version 4) software. Prior to aggregation, CMA
transforms the individual correlation coefficients (r) into Fisher’s z-scores as follows: z = 0.5 x

Heterogeneity and moderator analyses

To evaluate heterogeneity across effect sizes and determine the need for moderator analyses, two
metrics were used. First, the QQ statistic tested for the presence of heterogeneity across studies; a
significant Q and wide confidence intervals suggested variability warranting further investigation.
Second, the I? statistic estimated the proportion of variance attributable to between-study

12



heterogeneity rather than sampling error. Values of I? = 25%, 50%,and 75% were interpreted as
indicators of low, moderate, and high heterogeneity, respectively.

Moderator analyses were conducted to examine the potential influence of both demographic
(age, percentage female) and methodological (sample type; GPS scale version) variables on the
observed associations and semi-partial effects. Subgroup analyses were only conducted when there
were three or more studies per subgroup, following the recommendations of Card (2015) to avoid
reduced statistical power and inflated risk of spurious findings in small subgroups.

Moderator analyses followed a mixed-effects modelling approach. A random-effects model was
used to analyze the combined subgroups and to estimate within-group heterogeneity. A fixed-effects
model was then used to assess heterogeneity between subgroups. For continuous moderators (age,
percentage female), mixed-effects meta-regressions using the method of moments were conducted.
Meta-regression analyses were only performed when there were 10 or more studies in the dataset,
in line with established recommendations for ensuring sufficient statistical power.

Robustness checks

The robustness of the meta-analytic findings was evaluated using Rosenthal (1979) Fail-safe NV,
which estimates the number of unpublished or null-result studies that would be required to reduce
the overall effect to non-significance. Of the 36 datasets included in the meta-analyses, 21 were
unpublished. Nonetheless, the Fail-safe N was still calculated given that all datasets originated from
the authors’ lab. Following Rosenthal (1979) guidelines, the Fail-safe N was considered adequate
if it exceeded the threshold of 5k 4 10, where k is the number of studies included in the analysis.

Exploratory analysis: Self-rated health discrepancy

In line with our preregistered exploratory question, we examined whether trait procrastination was
associated with the discrepancy between participants current SRH and their anticipated FSRH. For
each dataset, we first computed a discrepancy score by subtracting FSRH from SRH and adjusting
by +5 to align the scales for interpretation (Figure A1). This score reflects the relative gap between
present and future health expectations, where 5 indicates no discrepancy between SRH and FSRH
(SRH = FSRH), values above 5 indicate more optimistic future health ratings (SRH < FSRH) and
values below 5 indicate the opposite (SRH > FSRH). Following this, we evaluated the relationship
between trait procrastination and this discrepancy via a regression model fitted to each dataset.
In addition, to examine whether any observed associations were accounted for by age differences,
we conducted a second set of regressions that included both procrastination and age as predictors.

Finally, to synthesize effects across studies, regression coefficients (5 values for procrastination)
were extracted and subjected to random-effects meta-analysis in R using the metafor package
(Viechtbauer, 2010). This was done both for the simple models (procrastination only) and the age-
controlled models. The comparison of these two sets of results allowed us to evaluate whether the
observed links between procrastination and the SRH-FSRH discrepancy remained after adjusting
for age, or whether they were largely explained by the age-relayed variance.
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Results

Of the 36 datasets, 28 contained missing values on key variables and were assessed for patterns
of missingness using Little (1988) MCAR test from the naniar package (Tierney & Cook, 2023).
Following the recommendations of (Jakobsen et al., 2017), datasets with a non-significant MCAR
test (k = 18) were imputed using linear interpolation from the zoo package (Zeileis & Grothendieck,
2005). For datasets where the MCAR test was significant (k = 10), missing values were addressed
using multiple imputation with chained equations from the mice package (van Buuren & Groothuis-
Oudshoorn, 2011).

Trait procrastination and SRH

A meta-analysis of unadjusted correlations across the 36 samples (total N = 8603) revealed a
significant, positive, medium-sized association between procrastination and SRH (see Table 3).
Tests of heterogeneity indicated no significant unexplained variability among effect sizes Q(35) =
43.53,p = 0.155, I? = 19.45%, indicating that moderator analyses were not warranted.

Trait procrastination, perceived stress, and SRH

The meta-analysis of associations between procrastination and perceived stress across 14 samples
revealed the expected positive relationship (see Table 3). Heterogeneity tests indicated moderate
variability among effect sizes, Q(13) = 27.21,p = 0.012, I? = 52.22%. For perceived stress and
SRH, consistent positive associations were observed across the same 14 samples, with an
overall medium-sized effect (see Table 3). Heterogeneity was non-significant, Q(13) = 17.60,p =
0.173, 1% = 26.14%, and moderator analyses were therefore omitted.

A meta-analysis of semi-partial correlations (adjusted for perceived stress) revealed a small but
significant positive association between procrastination and SRH (see Table 3). Similar to the
unadjusted analyses, there was no evidence of heterogeneity, Q(13) = 12.99,p = 0.449, I? = 0%.
Compared to the medium-sized unadjusted effects, the adjusted effects were reduced in magnitude,
suggesting that perceived stress partially accounted for the procrastination - SRH association.
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Table 3: Meta-Analyzed Effect Sizes Between Trait Procrastination (PRO), Poor Self-Rated
Health (SRH), and Perceived Stress Across 36 Samples (Total N = 8,603)

Sample N Type Measure PRO-SRH PRO-Stress StresssSRH  PRO-SRH
(r) (r) (r) (Sr)
S1 206 C GPS 20 0.28 — — —
S2 327 S GPS 20 0.25 0.31 0.29 0.18
S3 70 C GPS 9 0.22 0.60 0.32 0.04
S4 587  C AIPR 0.22 0.40 0.33 0.10
S5 327 C GPS 9 0.23 0.40 0.32 0.12
S6 114 C GPS 9 0.10 0.40 0.43 -0.08
S7 123 S GPS 20 0.36 0.57 0.32 0.23
S8 101 C GPS 9 0.10 — — —
S9 318 C GPS 9 0.20 — — —
S10 318 C GPS 9 0.21 0.42 0.40 0.05
S11 150 C GPS 9 0.22 0.41 0.45 0.05
S12 298 C GPS 9 0.20 — — —
S13 87 C GPS 9 0.02 — — —
S14 129 C GPS 9 0.15 0.29 0.29 0.07
S15 725 C GPS 9 0.18 — — —
S16 111 C GPS 20 0.10 — — —
S17 162 S GPS 20 0.06 0.24 0.12 0.03
S18 451 S GPS 9 0.26 — — —
S19 187 S GPS 20 0.18 0.35 0.29 0.09
520 318 C GPS 9 0.29 — — —
S21 170 C GPS 20 0.10 0.32 0.39 -0.03
S22 271 S GPS 20 0.18 0.27 0.37 0.09
523 305 C GPS 9 0.23 — — —
S24 195 S GPS 9 0.26 — — —
S25 124 C GPS 9 0.24 — — —
526 163 C GPS 9 0.14 — — —
S27 285 C GPS 9 0.11 — — —
S28 239 C GPS 9 0.26 — — —
S29 266 C GPS 9 0.18 — — —
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Sample N Type Measure PRO-SRH PRO-Stress StresssSRH  PRO-SRH
(r) (r) (r) (Sr)
S30 322 C GPS 9 0.14 — — —
S31 346 C GPS 9 0.23 — — —
S32 106 C GPS 9 0.16 — — —
S33 132 S GPS 9 0.15 0.42 0.27 0.04
S34 100 C GPS 9 0.40 — — —
S35 100 C GPS 9 0.23 — — —
S36 280 C GPS 9 0.37 — — —
Average 0.21 0.38 0.33 0.08
(k)
95% CI [0.91-0.23] [0.33-0.43] [0.29-0.37] [0.05-0.12]
N 8,603 3,067 3,067 3,067

*Note.* AIPR = Revised Adult Inventory of Procrastination (McCown et al., 1989); GPS 20
= General procrastination scale (Lay, 1986); GPS-9 = 9-item GPS (Sirois et al., 2019). S =
Student, C = Community.

Trait procrastination and FSRH

A meta-analysis of unadjusted correlations across the 20 samples (total N = 4598) revealed a
significant, positive, small-sized association between procrastination and FSRH (see Table 4). Tests
of heterogeneity indicated there was significant unexplained variability among effect sizes Q(19) =
37.55,p = 0.007, I? = 49.41, suggesting that moderator analyses were warranted.

Moderator analyses for the possible impact of GPS scale version and sample type could not
be conducted as there were fewer than 3 studies per subgroup for each of these analyses. The
meta-regression testing the potential influence of participant age on the unadjusted effects for
trait procrastination and FSRH was non-significant, 8 = —0.00[.00, —.01], @,,,,4;(1) = 0.01,p =
90, Q,csiduar(18) = 37.55,p = .004. However, the meta-regression examining the influence of
participant sex on the associations of trait procrastination with SRH were significant, 8 =
—0.36[—.65, —.08], Q0061 (1) = 6.32,p = .01, Q,osiqua (18) = 28.41, p = .06, analog R? = .41. This
indicated that as the proportion of females in the sample increased, the magnitude of the associ-
ations between trait procrastination and poor FSRH decreased.

Trait procrastination, perceived stress, and FSRH

The meta-analysis of associations between procrastination and perceived stress across 8 samples
revealed the expected positive relationship (see Table 4). Heterogeneity tests indicated no vari-
ability among effect sizes, Q(7) = 11.79,p = 0.108, I? = 40.62%. For perceived stress and SRH,
consistent positive associations were observed across the same 14 samples, with an overall small
to medium-sized effect (see Table 4). Again, heterogeneity was non-significant, Q(7) = 14.01,p =
0.051, I = 50.04%.
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Lastly, a meta-analysis of the semi-partial correlations (adjusted for perceived stress) revealed

a small but non-significant positive association between procrastination and FSRH (see Table 4).

Similar to the unadjusted analyses, there was no evidence of heterogeneity, Q(7) = 3.80,p =

0.802, 1% = 0%.

Table 4: Meta-Analyzed Effect Sizes Between Trait Procrastination (PRO), Poor Future
Self-Rated Health (FSRH), and Perceived Stress Across 20 Samples (Total N = 4,598).

Sample N Type Measure PRO-FSRH PRO-Stress Stress- PRO-FSRH
(v) (x) FSRH (r) (Sr)
S3 70 C GPS 9 0.30 0.60 0.46 0.03
S5 321 C GPS 9 0.10 0.40 0.16 0.04
S6 114 C GPS 9 0.12 0.40 0.35 -0.02
S7 123 S GPS 20 0.15 0.57 0.13 0.10
S8 101 C GPS 9 0.01 — — —
S9 318 C GPS 9 0.10 — — —
S10 318 C GPS 9 0.05 0.42 0.23 -0.05
S11 150 C GPS 9 0.19 0.41 0.32 0.07
S12 298 C GPS 9 0.12 — — —
S13 87 C GPS 9 -0.22 — — —
S14 129 C GPS 9 0.10 0.29 0.08 0.08
S15 725 C GPS 9 0.09 — — —
S16 111 C GPS 20 0.09 — — —
S18 451 S GPS 9 0.21 — — —
520 318 C GPS 9 0.11 — — —
S31 346 C GPS 9 0.10 — — —
533 132 S GPS 9 0.15 0.42 0.19 0.08
534 100 C GPS 9 0.38 — — —
S35 100 C GPS 9 0.24 — — —
536 280 C GPS 9 0.28 — — —
Average 0.13 0.43 0.22 0.03
(k)
95% CI [.09, .18] [.37, .49] [.167, .27] [-.02, .08]
N 4,598 1,363 1,363 1,363

*Note.* GPS 20 = General procrastination scale (Lay, 1986); GPS-9 = 9-item GPS (Sirois et
al., 2019). S = Student, C = Community.
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Procrastination and discrepancy between SRH and FSRH

An exploratory analysis of discrepancy between current and future SRH across 20 of the 36
samples (mean discrepency € [4.33 — 5.58]; Figure A1) revealed that the association with trait
procrastination was inconsistent across samples. In 9 of the samples (samples 5, 7, 9, 10, 13, 15, 18,
20, and 31), higher procrastination scores were significantly associated with a larger gap between
current and future SRH, with small-to-moderately sized beta values (8 € [0.09 — 0.35]). These
results suggest that in some samples, individuals with higher levels of procrastination tended to
anticipate greater improvements in their future health relative to their current health. However,
several studies showed no reliable effect, with some showing non-significant negative effects (e.g.,
sample 3: 8 = —0.11,p = 0.322), and others having non-significant positive effects (e.g., sample
34: B =0.07,p = 0.425). This pattern indicates there is substantial variability in the observed
associations across independent samples.

To synthesise these findings and test whether this variability was significant, we conducted
a random effects meta-analysis pooling the 20 available samples (Figure 3). The overall effect
was small but statistically significant (8,00led = 0.10[0.07 — 0.13]; p < 0.001), with no evidence
of between-study heterogeneity (Q(19) = 24.50,p = 0.179,1? = 13.0%). Taken together, these
exploratory findings provide preliminary evidence that trait procrastination may sometimes be
linked to overly optimistic expectations about future health, although the effect is modest in size.

In addition to the simple regression models, we conducted a second set of analyses controlling
for age to assess whether the association between trait procrastination and the SRH-FSRH
discrepancy was independent of age-related differences. Across the 20 samples, the inclusion of
age as a covariate attenuated some of the previously observed effects, although several significant
associations remained. In 5 of the samples (samples 7, 10, 13, 18, and 20) higher procrastination
scores were significantly associated with a larger gap between current and future SRH, with small-
to-moderately sized beta values (8 € [0.09 — 0.34.

Again, to synthesise these adjusted effects, we pooled the regression coefficients for procrastina-
tion (controlling for age) using a random effects meta-analysis for the 20 available samples (Figure
A2). The overall adjusted effect was smaller in size but remained statistically significant (5,00led =
0.07[0.04 — 0.10]; p < 0.001). Consistent with the unadjusted models, there was no evidence of
between-study heterogeneity (Q(19) = 23.06,p = 0.235,1? = 0.1%).
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Figure 3: Forest plot of study-specific and pooled meta-analytic estimates (8, 95% CI) for
the link between procrastination and self-rated health discrepancies.

Robustness checks

The Failsafe N analysis for the unadjusted correlations between trait procrastination and SRH
found that to reduce the p value below .05 and render the average effect non-significant, an
additional 3262 studies with non-significant results would need to be included in the set of studies
that were statistically meta-analysed. This value was well above the 5k + 10 studies cutoff (190)
recommended by Rosenthal (1979).

Because one sample used a measure of trait procrastination that was not a version of the GPS,
a sensitivity analysis was conducted for the effects in the overall meta-analysis of the unadjusted
effects. When Sample 4, which used the AIPR, was removed, the overall average effect remained
the same, 7, = 0.21,95%CI[.19 — .23], Q(34) = 43.40,p = 0.129, I? = 21.66, indicating that this
variation in procrastination measurement did not significantly impact the overall magnitude of the
average association between procrastination and SRH.

Discussion

The current study replicated and extended previous research and theory by quantifying the link
between trait procrastination and poor SRH through a robust analysis of 36 diverse samples.
Crucially, we also applied the cognitive process model of SRH and the procrastination-health
model to test the potential contribution of stress to the procrastination-SRH link and provide
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insights into the potential processes involved. Across all samples, procrastination was associated
with poor SRH, with a small to moderate but significant average association, and a non-significant
degree of variability. Consistent with our hypothesis and both models, when the contributions of
perceived stress were accounted for, the magnitude of this association was noticeably attenuated,
but remained significant. Lastly, the analysis of a subset of 20 samples found that procrastination
was significantly associated with poor future SRH, although the average association was small
in magnitude. These associations were found to vary significantly, with the magnitude of the
associations increasing as the proportion of males in the sample increased. Similar to the analysis
of the adjusted associations between procrastination and SRH, when stress was accounted for the
magnitude of the average association decreased and was no longer significant.

The current findings contribute to and extend a growing evidence base that underscores the
negative health consequences of chronic procrastination in several important ways. Previous
research on the risks of procrastination for health have tended to focus on specific aspects of health,
including health behaviours, sleep, stress, physical symptoms, and illness (Johansson et al., 2023;
Kelly & Walton, 2021; Li et al., 2020; Sirois, 2015; Sirois et al., 2015; 2023) rather than overall
health. Using SRH as a summary measure of health status, we found evidence that procrastination
is also linked to poor overall health, and not just specific aspects. This makes sense if we consider
that SRH is a robust summary measure of objective health indicators and outcomes (Jylha, 2009),
including key biomarkers for health (Kananen et al., 2021). Although previous research linking
procrastination to SRH is scant and inconclusive, the results of our analysis of 36 samples provides
a clearer picture of how and why chronic procrastination is linked to poor SRH. Our analyses
also suggest that the link between chronic procrastination and SRH is relatively consistent across
university student and adult samples, and is unaffected by demographic factors.

Another noteworthy contribution of the current research is the application of two models to
understand not just how procrastination is linked to poor SRH, but also why. Consistent with both
the Cognitive Process model (Jylh#, 2009) and the Procrastination-Health model (Sirois, 2007;
Sirois et al., 2003), we found evidence that higher perceived stress explains in part why procrasti-
nation is associated with poor SRH. This finding suggest that both models provide plausible and
complimentary explanations for why procrastination may be associated with poor SRH. However,
in the absence of significant heterogeneity and therefore moderation via the demographic factors
suggested by the Cognitive Process model, the Procrastination-Health model may provide a more
parsimonious explanation for why chronic procrastination contributes to poor SRH. Nonetheless,
the consistency of our findings with both models suggests that the psychophysiological processes
involved in repeated stress experiences linked to procrastinating, alongside the influence of stress
on the cognitive processes involved in evaluating health states, provide reasonable explanations for
the health risks associated with chronic procrastination.

The current study also provided a novel test of the implications of chronic procrastination for
expectations for future health states by testing a temporal variant of SRH, future SRH. Although
the findings generally paralleled those for current SRH, there were several noteworthy differences.
The magnitude of the average association with chronic procrastination was smaller for FSRH,
and when adjusted for stress, the pooled association was no longer significant. There was also a
significant degree of heterogeneity in the unadjusted effects that was due in part to participant
sex, with the association between procrastination and poor FSRH becoming stronger for samples
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with a greater proportion of males. From the lens of the Cognitive process model (Jylha, 2009),
biological sex is one personal-historical factor that can shape evaluations of health in multiple ways,
including through awareness of the gender gap in life expectancy, which favours women (Rochelle
et al., 2015). Additionally, chronic procrastination is known to be more prevalent amongst males
compared to females (Lu et al., 2022). Taken together, these and other factors may result in male
procrastinators having more negative expectations for their future health states.

The exploratory analysis of how trait procrastination might be implicated in the gap between
evaluations of current and future SRH revealed interesting findings that highlight the role of biases
in expectations for future health. Although procrastination was associated overall with lower future
SRH, the small but significant pooled association with the discrepancy with future SRH indicates
that for some samples, people prone to procrastination expected that their health in 10 years
would be better than it was currently, even after controlling for age differences. This finding may
seem counterintuitive given that procrastination was overall associated with expectations for poor
health in the future. However, it is important to consider that this discrepancy analysis is relative
to current health states. For example, current health may be viewed as poor by someone who
chronically procrastinates; yet they may believe that it will still be poor 10 years in the future
but to a lesser degree than it is currently. Nonetheless, this expectation runs counter to what we
know about the decline of health states in general over time, especially as a result of aging (Jylh4,
2009). Accordingly, this optimistic bias towards future health amongst people who chronically
procrastinate may be a reflection of wishful thinking (Sigall et al., 2000), and or a general tendency
to use avoidant coping to deal with unpleasant realisations (Sirois & Kitner, 2015). Thus, people
prone to procrastination may avoid giving full considerations to their current poor health habits
and states when appraising their future health. Alternatively, apparent optimistic views of health
improving in the next 10 years may be fueled in part by the difficulties in future-oriented thinking
associated with chronic procrastination (Blouin-Hudon et al., 2016; Blouin-Hudon & Pychyl, 2017;
Sirois, 2014). Although this discrepancy was not very large, and for several samples there was
no significant gap between current and future SRH, further research testing these competing
explanations would be useful to provide more definitive insights into this unusual finding.

Limitations and strengths

Though novel, the current findings should be considered in the context of several limitations.
The current analyses relied upon data garnered from cross-sectional studies, making it difficult to
confirm the proposed directionality of the associations which assumes the temporal precedence of
trait procrastination in relation to SRH. Indeed, trait procrastination when measured by the GPS
(Lay, 1986) has demonstrated excellent temporal stability over a 10 year period (Steel, 2007), and
is considered a moderately heritable trait (Gustavson et al., 2014). Together, this evidence and
the framework of the cognitive process model (Jylhé, 2009) provide support for expecting that
procrastination influences SRH, rather than the reverse.

Because procrastination can be both a cause and consequences of stress (Johansson et al., 2023;
Sirois, 2023; Sirois et al., 2023), determining the directionality of the links between procrastination
and stress as suggested by the procrastination-health model is less straightforward and cannot be
established by the current analyses. We acknowledged this by focusing instead on the contributions
of stress to explaining why trait procrastination might be linked to poor SRH. Consequently,
further research examining the potentially dynamic, reciprocal, and likely mutually reinforcing
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linkages between procrastination and stress and their influence on evaluations of health is needed
to confirm the predominant directionality.

The strengths of the current research include testing our research hypotheses across large sets
of independent and diverse samples, with the overall statistical meta-analysis of procrastination
and SRH conducted across 36 samples totaling 8,603 participants. This MOD analytic approach
provided not only support for the generalisablity of the findings across student and non-student
samples, but also the opportunity to conduct robust tests of how and why procrastination is linked
to SRH to build a strong evidence base for an understudied area (Cumming, 2014). This would not
have been possible with a traditional meta-analysis framework which requires having a sufficient
evidence base to analyse.

Conclusions

This analysis of 36 samples provides robust evidence that chronic procrastination is associated
with poor self-rated current and to a lesser extent, future self-rated health. Consistent with the
Cognitive Process model (Jylhé, 2009) and the Procrastination-health model (Sirois, 2007; Sirois et
al., 2003), we found evidence that high levels of perceived stress explains in part why people prone
to procrastination report poorer overall health. Exploratory analyses suggest that some people
prone to procrastination may hold unrealistically optimistic expectations about their future health,
which could undermine motivation to adopt healthier behaviours. Taken together, these findings
underscore the importance of considering chronic procrastination not only as self-regulatory failure
with academic or occupational costs, but also as a behaviour pattern with significant and negative
implications for overall health status.
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