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Abstract

Background. Behavioral procrastination has traditionally been considered a self-regulatory
and psychological phenomenon; however, growing evidence suggests that chronic procras-
tination may also contribute to adverse physical health outcomes through persistent stress
exposure, unhealthy lifestyle behaviors, and impaired long-term behavioral regulation.
Nevertheless, its relationship with insulin resistance and visceral adiposity phenotypes
remains poorly understood. Objective. To evaluate the association between behavioral
procrastination and multiple validated surrogate indices of insulin resistance and visceral
adiposity in a large occupational cohort of Spanish workers. Methods. A cross-sectional
study was conducted among 92,184 Spanish workers aged 18–69 years who underwent
standardized occupational health examinations between January 2021 and December 2024.
Behavioral procrastination was assessed using a nine-item Spanish adaptation of the Pure
Procrastination Scale (PPS-9) that has not been formally validated in the Spanish population;
participants were classified into four operational, non-clinical categories. These categories
were based on an unvalidated 9-item Spanish adaptation and operational, non-clinical
cutoffs and should therefore not be interpreted as validated clinical levels of procrastination.
Differences in the prevalence of adverse metabolic phenotypes across operational PPS-9
categories were assessed using Pearson’s chi-square test. Multivariable linear regression
models with heteroscedasticity-consistent (HC3) robust standard errors were used to eval-
uate adjusted associations between operational PPS-9 categories and continuous insulin
resistance and visceral adiposity phenotypes, with the very low/absent PPS-9 category as
the reference group. Sex-stratified and sensitivity analyses were also performed. Results.
The unadjusted prevalence of adverse metabolic phenotypes differed significantly across
operational PPS-9 categories (all Pearson’s chi-square p < 0.001). In fully adjusted models,
compared with participants in the very low/absent procrastination category, those in the
very high/chronic category showed higher METS-IR (adjusted difference 19.478; 95% CI
19.193–19.763), LAP (47.504; 95% CI 45.518–49.490), VAI (4.174; 95% CI 3.813–4.534), METS-
VF (1.310; 95% CI 1.290–1.330), and TyG index (0.230; 95% CI 0.203–0.257), together with
lower SPISE (−3.725; 95% CI −3.775 to −3.674). Sex-stratified analyses showed adverse
associations in both men and women, although their magnitude varied by metabolic pheno-
type. Sensitivity analyses excluding participants with diabetes mellitus yielded consistent
findings. Sequential adjustment substantially attenuated some associations, particularly for
the TyG index (70.6%) and VAI (50.7%), indicating that demographic and lifestyle factors
accounted for a substantial proportion of the observed between-category differences, al-
though residual associations remained after adjustment. Conclusions. Higher operational
PPS-9 categories were associated with adverse insulin resistance and visceral adiposity
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phenotypes; however, substantial attenuation after demographic and lifestyle adjustment
indicates that an important proportion of the observed differences is accounted for by
covariate structure. Because the exposure was derived from an unvalidated 9-item Spanish
adaptation of the PPS using operational, non-clinical cutoffs, these categories should not
be interpreted as established clinical levels of procrastination. Given this measurement
limitation, the cross-sectional design, and the marked age differences across categories, the
findings should be interpreted cautiously and should not be considered evidence of an
independent or causal metabolic effect of procrastination.

Keywords: procrastination; insulin resistance; visceral fat; metabolic syndrome; occupational
health; psychological stress

1. Introduction
Insulin resistance and visceral adiposity are currently recognized as central patho-

physiological drivers of cardiometabolic disease and constitute key determinants in the
development of type 2 diabetes mellitus, metabolic syndrome, non-alcoholic fatty liver
disease, and atherosclerotic cardiovascular disease [1,2]. Beyond generalized obesity, the
progressive accumulation of dysfunctional visceral adipose tissue promotes a complex
network of metabolic, inflammatory, endocrine, and vascular abnormalities that substan-
tially increase long-term cardiovascular risk [3]. In recent years, increasing attention has
been directed toward the identification of behavioral and psychosocial determinants that
may contribute to the early development of insulin resistance phenotypes before overt
cardiometabolic disease becomes clinically established [4].

Although classical cardiometabolic risk models have traditionally focused on obesity,
dyslipidemia, hypertension, smoking, sedentary behavior, and dietary patterns, growing
evidence suggests that psychological and behavioral self-regulation processes may also
play a relevant role in metabolic health [5]. Chronic stress exposure, maladaptive coping
strategies, emotional dysregulation, impaired executive functioning, and deficient behav-
ioral organization have all been associated with adverse cardiometabolic outcomes through
neuroendocrine, inflammatory, and behavioral pathways [6,7].

Within this context, procrastination has emerged as an increasingly important con-
struct in behavioral medicine research. Procrastination is commonly defined as the vol-
untary and unnecessary delay of intended actions despite anticipating negative conse-
quences [8]. Rather than representing simple poor time management, contemporary
theoretical models conceptualize procrastination as a complex form of self-regulatory
dysfunction involving impaired emotional regulation, avoidance behaviors, impulsivity,
stress vulnerability, and difficulties in prioritizing long-term goals over short-term mood
repair [9,10].

Traditionally investigated in academic and psychological settings, procrastination
has increasingly been associated with broader health-related consequences. Individuals
with elevated procrastination levels tend to report lower engagement in preventive health
behaviors, poorer medication adherence, reduced physical activity, unhealthy dietary pat-
terns, sleep disturbances, increased sedentary behavior, smoking, and greater psychological
distress [11–14]. Several studies have also linked chronic procrastination to stress-related
physiological dysregulation, impaired self-care, and poorer overall physical health [15,16].

Recent longitudinal evidence has further strengthened the hypothesis that procrastina-
tion may contribute to future adverse health outcomes. Johansson et al. demonstrated that
procrastination was prospectively associated with worse physical health, disabling pain,
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poor sleep quality, loneliness, and depressive symptoms among university students [17].
Similarly, Sirois proposed that procrastination may function as a chronic stress-related vul-
nerability factor capable of influencing long-term cardiovascular health through repeated
behavioral and emotional dysregulation [18].

Despite these observations, the relationship between procrastination and objectively
measured insulin resistance or visceral adiposity dysfunction remains largely unexplored.
This limitation is particularly relevant because insulin resistance often precedes clinically
overt metabolic syndrome and cardiovascular disease by several years and may therefore
represent an earlier and potentially more sensitive marker of cardiometabolic vulnera-
bility [19]. Furthermore, contemporary metabolic medicine has increasingly emphasized
the importance of surrogate indices capable of capturing early metabolic dysfunction
and visceral adiposity-related abnormalities beyond traditional anthropometric measures
alone [20].

Among these markers, the triglyceride–glucose (TyG) index and its derived pheno-
types, including TyG-BMI and TyG-waist, have emerged as reliable and clinically useful
surrogate indicators of insulin resistance [21,22]. Similarly, indices such as the lipid accumu-
lation product (LAP), visceral adiposity index (VAI), metabolic score for insulin resistance
(METS-IR), and single-point insulin sensitivity estimator (SPISE) provide complementary
information regarding adipose tissue dysfunction, lipid metabolism, and cardiometabolic
risk [23–25]. These parameters have shown strong associations with diabetes, hyperten-
sion, subclinical atherosclerosis, hepatic steatosis, and cardiovascular disease in multiple
populations [26,27].

From a mechanistic perspective, several pathways could potentially explain a relation-
ship between procrastination and insulin resistance phenotypes. Chronic procrastination is
frequently accompanied by prolonged psychological stress, repeated anticipatory anxiety,
guilt, emotional exhaustion, and maladaptive coping behaviors [28]. Sustained activation of
the hypothalamic–pituitary–adrenal axis and sympathetic nervous system may contribute
to cortisol dysregulation, systemic inflammation, endothelial dysfunction, impaired glu-
cose homeostasis, and visceral fat accumulation [29,30]. In parallel, procrastination-related
lifestyle behaviors—including reduced physical activity, unhealthy eating patterns, sleep
disruption, and increased sedentary time—may further amplify insulin resistance and
adipose tissue dysfunction [31,32].

Importantly, visceral adiposity itself is no longer considered a passive energy reservoir
but rather a metabolically active endocrine organ capable of producing pro-inflammatory
cytokines, adipokines, oxidative stress mediators, and neurohormonal alterations in-
volved in cardiometabolic disease progression [33]. Consequently, behavioral factors
capable of promoting visceral adiposity dysfunction may have broader implications than
previously recognized.

Occupational populations may represent a particularly relevant setting in which to
investigate these associations. Modern work environments are frequently characterized
by chronic stress exposure, sedentary behavior, irregular schedules, poor sleep hygiene,
and unhealthy lifestyle patterns, all of which may interact with behavioral self-regulation
processes and cardiometabolic risk [34]. Furthermore, large occupational cohorts provide
an opportunity to evaluate these relationships using extensive anthropometric, biochemical,
and lifestyle-related data under relatively standardized clinical conditions.

Therefore, the present study aimed to evaluate the association between behavioral
procrastination, visceral adiposity dysfunction, and insulin resistance phenotypes in a large
occupational cohort of Spanish workers. Specifically, we investigated the relationship be-
tween procrastination levels and multiple validated surrogate markers of insulin resistance
and visceral adiposity, including TyG index, TyG-derived phenotypes, METS-IR, SPISE,
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LAP, and VAI, while additionally exploring potential dose–response relationships and
sex-specific patterns.

Although previous studies using this occupational cohort have examined car-
diometabolic risk factors and surrogate markers of insulin resistance and adiposity, no
previous analysis has specifically evaluated behavioral procrastination in relation to a com-
prehensive panel of insulin resistance and visceral adiposity phenotypes. The present study
therefore addresses this distinct research question while also examining dose–response
relationships and sex-specific patterns.

2. Methods
2.1. Study Design and Population

A multicenter cross-sectional observational study was conducted using data from
routine occupational health examinations performed between January 2021 and December
2024 in different Spanish regions. The study population consisted of active workers un-
dergoing standardized workplace medical assessments as part of preventive occupational
health surveillance programs.

The initial database included 94,327 workers aged 18–69 years. Participants with
missing information on behavioral procrastination, anthropometric measurements, fasting
biochemical parameters, or key lifestyle covariates required for the analyses were excluded.
A total of 2143 participants had incomplete information in one or more of these required
variables and were excluded, resulting in a final analytical sample of 92,184 workers. A
detailed breakdown of the 2143 exclusions according to each individual missing variable
was not retained in the source dataset available for the present study and could therefore
not be reliably reconstructed. More granular information may have existed in original
site-level clinical or data-management records, but these records were not available in a
sufficiently complete and harmonized form for retrospective reconstruction (Figure 1).

Figure 1. Flow diagram of participant selection.

The methodological design followed current recommendations for observational
epidemiological studies and transparent reporting of cross-sectional research [35,36]. All
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data were anonymized before analysis, and the study was conducted in accordance with
the ethical principles of biomedical research involving human participants [37].

2.2. Ethical Considerations

All participants received information about the occupational health examination and
provided informed consent for the use of anonymized clinical data for research purposes.
Personal identifiers were removed before statistical analysis. Data processing complied
with European and Spanish regulations on personal data protection and confidentiality.

2.3. Assessment of Behavioral Procrastination

Behavioral procrastination was assessed using a nine-item Spanish version of the
Pure Procrastination Scale (PPS-9). The questionnaire comprises nine statements assessing
procrastination-related behaviors, including postponement of decisions (items 1, 4, and 9),
delay in task initiation (items 2, 5, and 8), and failure to meet deadlines (items 3, 6, and 7).
Each item is rated on a five-point Likert scale ranging from 1 (“completely disagree”) to 5
(“completely agree”). The total PPS-9 score is calculated as the sum of the nine items and
ranges from 9 to 45, with higher scores indicating greater behavioral procrastination.

For descriptive analyses, participants were classified into four operational cate-
gories according to their total PPS-9 score: very low/absent procrastination (9–17 points),
moderate procrastination (18–26 points), high procrastination (27–35 points), and very
high/chronic procrastination (36–45 points). These categories were used as descriptive
groupings and should not be interpreted as clinically validated or diagnostic cut-off points.
The nine-item Spanish version used in the present study has not been formally validated in
the Spanish population. Accordingly, the four PPS-9 categories were used as the exposure
variable in the subsequent multivariable analyses, with the very low/absent procrastination
category serving as the reference group.

For the present reproducibility-focused reanalysis, the available analytical dataset
retained the PPS-9 exposure as the four predefined operational categories described above.
Participant-level continuous PPS-9 total scores and individual item responses were not
retained in the analytical dataset available for this revision. Therefore, all analyses in
the revised manuscript use the categorical PPS-9 exposure, and no analysis requiring
participant-level continuous PPS-9 scores is presented.

2.4. Anthropometric and Clinical Assessment

Anthropometric measurements were obtained by trained occupational health pro-
fessionals using standardized procedures. Body weight was measured with calibrated
electronic scales, and height was measured using a stadiometer, with participants wearing
light clothing and no shoes. Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared.

Waist circumference was measured using a non-elastic tape at the midpoint between
the lower costal margin and the iliac crest, with the participant standing and after nor-
mal expiration. Waist-to-height ratio was calculated as waist circumference divided by
height, both expressed in centimeters. These anthropometric indicators were included
because central adiposity is a stronger marker of cardiometabolic dysfunction than BMI
alone [38,39].

Blood pressure was measured after at least five minutes of seated rest using vali-
dated automatic devices. When two measurements were available, the mean value was
used for analysis. Elevated blood pressure was defined according to current European
recommendations for cardiovascular prevention and hypertension assessment [40].
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2.5. Biochemical Measurements

Venous blood samples were obtained after overnight fasting. Biochemical analyses
included fasting plasma glucose, triglycerides, total cholesterol, HDL-cholesterol, and
LDL-cholesterol. Laboratory determinations were performed in certified laboratories using
standardized automated methods and internal quality-control procedures.

All lipid and glucose values are expressed in mg/dL. These parameters were used
both as individual cardiometabolic variables and to calculate surrogate indices of insulin
resistance, visceral adiposity, and lipid-metabolic dysfunction.

2.6. Insulin Resistance and Visceral Adiposity Phenotypes

The main metabolic outcomes were surrogate indices reflecting insulin resistance and
visceral adiposity dysfunction. These were selected because direct insulin-based methods
such as the hyperinsulinemic–euglycemic clamp are not feasible in large occupational
cohorts, whereas fasting lipid–glucose and anthropometric indices have shown acceptable
performance for population-level risk stratification [41,42].

The following indices were calculated:
TyG index
TyG index was calculated as:

ln [fasting triglycerides (mg/dL) × fasting glucose (mg/dL)/2]

The TyG index was considered the principal surrogate marker of insulin resistance
because of its simplicity, reproducibility, and strong association with cardiometabolic
outcomes [43–45].

TyG-BMI
TyG-BMI was calculated as:

TyG index × BMI

This combined marker integrates lipid–glucose dysfunction and general adiposity
burden [46].

TyG-waist
TyG-waist was calculated as:

TyG index × waist circumference

This index was included to capture the combined effect of insulin resistance and
abdominal adiposity [47].

TyG-WtHR [48]
TyG-WtHR was calculated as:

TyG index × waist-to-height ratio

This parameter was used as an additional marker integrating lipid–glucose metabolism
and central adiposity relative to body size.

Triglyceride-to-HDL cholesterol ratio: TG/HDL-C ratio was calculated as triglycerides
divided by HDL-cholesterol. This ratio was included as a simple marker of atherogenic
dyslipidemia and insulin resistance-related lipid dysfunction [49].

The Lipid Accumulation Product (LAP) was calculated using sex-specific equa-
tions [50]:

For men: (waist circumference [cm] − 65) × triglycerides [mmol/L]
For women: (waist circumference [cm] − 58) × triglycerides [mmol/L]

https://doi.org/10.3390/endocrines7040060

https://doi.org/10.3390/endocrines7040060


Endocrines 2026, 7, 60 7 of 23

The Visceral Adiposity index (VAI) was calculated using sex-specific equations. For
men: VAI = [WC/(39.68 + 1.88 × BMI)] × (TG/1.03) × (1.31/HDL-C). For women:
VAI = [WC/(36.58 + 1.89 × BMI)] × (TG/0.81) × (1.52/HDL-C), where WC is expressed
in cm, BMI in kg/m2, and TG and HDL-C in mmol/L. VAI was included as an indirect
marker of visceral adipose tissue dysfunction and cardiometabolic risk [51].

The Body Roundness Index (BRI) was calculated as: BRI = 364.2 − 365.5 ×
√

[1 −
((WC/2π)2/(0.5 × height)2)], where WC and height are expressed in the same units. The
BRI was used as a geometric marker of body shape and central adiposity [52].

A Body Shape Index (ABSI) was calculated as: ABSI = WC/(BMIˆ(2/3) × heightˆ(1/2)),
where WC and height are expressed in meters and BMI in kg/m2. ABSI was included to
evaluate body shape-related cardiometabolic risk independently of BMI [53].

The Clínica Universidad de Navarra–Body Adiposity Estimator (CUN-BAE) was
calculated as: body fat percentage = −44.988 + (0.503 × age) + (10.689 × sex) + (3.172 ×
BMI) − (0.026 × BMI2) + (0.181 × BMI × sex) − (0.020 × BMI × age) − (0.005 × BMI2 ×
sex) + (0.00021 × BMI2 × age), where age is expressed in years and sex is coded as 0 for
men and 1 for women [54].

METS-IR was calculated as: METS-IR = {ln[(2 × fasting glucose) + triglycerides] ×
BMI}/ln(HDL-C), where fasting glucose, triglycerides, and HDL-C are expressed in mg/dL
and BMI in kg/m2. Higher METS-IR values indicate greater insulin resistance [55]. SPISE
was calculated as: SPISE = [600 × HDL-Cˆ0.185]/[TGˆ0.2 × BMIˆ1.338], where HDL-C and
triglycerides are expressed in mg/dL and BMI in kg/m2. Lower SPISE values indicate
lower insulin sensitivity [55].

For categorical analyses, elevated insulin resistance phenotypes were defined using
sex-specific and cohort-based upper quartiles when universally accepted clinical cut-offs
were not available. For SPISE, lower quartile values were considered indicative of reduced
insulin sensitivity.

2.7. Lifestyle and Sociodemographic Variables

Information on smoking status, physical activity, dietary habits, educational level, and
occupational characteristics was collected during the occupational health interview.

Smoking status was categorized as current smoker, former smoker, or never smoker.
Physical activity was classified according to regular participation in moderate or vigorous
exercise during leisure time. The assessment was conducted using the short version of the
International Physical Activity Questionnaire (IPAQ), a validated instrument for population
studies [56].

Dietary habits were assessed using standardized occupational health questionnaires
and classified as either healthy or unhealthy dietary patterns according to routine pre-
ventive medicine criteria. Adherence to the Mediterranean diet was evaluated using the
14-item Mediterranean Diet Adherence Screener (MEDAS), originally developed and vali-
dated within the PREDIMED framework [57]. Each item was scored dichotomously (0 or
1), resulting in a total score ranging from 0 to 14. Participants with a score of ≥9 were con-
sidered adherent to the Mediterranean diet, in accordance with previous epidemiological
studies [58].

Educational level was classified into primary, secondary, and university education.
Age and sex were included as core demographic variables in all adjusted analyses.

Information on diagnosed psychiatric disorders, including depression, anxiety disor-
ders, and attention-deficit/hyperactivity disorder (ADHD), as well as data on psychotropic
medication use, was not collected as part of the occupational health dataset and therefore
could not be included as covariates in the analyses.
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2.8. Statistical Analysis

Continuous variables are expressed as mean ± standard deviation (SD), whereas
categorical variables are presented as absolute frequencies and percentages. Normality
was assessed using the Kolmogorov–Smirnov test. Comparisons between procrastination
categories were performed using one-way analysis of variance (ANOVA) for continuous
variables and chi-square tests for categorical variables.

Behavioral procrastination was analyzed exclusively as a categorical exposure accord-
ing to the four PPS-9 categories available in the analytical dataset, with the very low/absent
procrastination category serving as the reference group in multivariable analyses. The
prevalence of adverse insulin resistance and visceral adiposity phenotypes was calculated
for each procrastination category and reported with 95% binomial confidence intervals
(Wilson method). Differences in prevalence across procrastination categories were eval-
uated using Pearson’s chi-square test. These analyses were descriptive and unadjusted;
multivariable adjusted associations with continuous metabolic phenotypes were evaluated
separately using the linear regression models described below.

Multivariable linear regression models were used to evaluate the association be-
tween procrastination category and continuous insulin resistance and visceral adiposity
phenotypes, using the very low/absent procrastination category as the reference group.
Standardized beta coefficients (β) and adjusted mean changes with 95% confidence in-
tervals (95% CI) were estimated after adjustment for demographic, lifestyle, and clinical
covariates. Age, sex, smoking status, physical activity, dietary habits, and educational
level were included as covariates in the fully adjusted models. Additional adjustment for
body mass index was performed only in models evaluating non–BMI-derived indices in
order to minimize mathematical collinearity and overadjustment [59]. Regression diag-
nostics were performed to assess model assumptions. Multicollinearity was evaluated
using variance inflation factors (VIFs), with no evidence of problematic collinearity (all
VIFs < 5). Residual diagnostics indicated some degree of heteroscedasticity, particularly
for adiposity-related outcomes, and departures from normality were more pronounced
for LAP and VAI. Therefore, heteroscedasticity-consistent (HC3) robust standard errors
were used for all multivariable linear regression models reported. The adjusted mean
differences correspond to the fitted regression coefficient estimates, whereas all reported
95% confidence intervals and p-values were calculated using the HC3 robust covariance es-
timator. This approach was applied to every listed outcome, including the TyG index model
additionally adjusted for BMI. Because the association between age and several metabolic
outcomes was not strictly linear, age was modeled using both linear and quadratic terms in
the multivariable analyses.

To further assess the potential influence of the marked demographic and lifestyle
differences across procrastination categories, sequentially adjusted models were examined.
The first model included age (modeled using linear and quadratic terms) and sex; the second
additionally included smoking status, physical activity, dietary habits, and educational
level; and the fully adjusted model additionally included BMI when appropriate. Changes
in the magnitude of the procrastination coefficients across models were examined to assess
the degree of confounding by demographic and lifestyle factors. Because the distribution
of procrastination categories showed limited overlap across age groups, an additional
sensitivity analysis was conducted among participants aged 40–49 years, the age stratum
in which all four procrastination categories were sufficiently represented.

Sex-stratified analyses were also conducted to explore potential sex-related differences
in the association between behavioral procrastination and metabolic dysfunction pheno-
types. Sensitivity analyses excluding participants with previously diagnosed diabetes
mellitus were also performed to assess the robustness of the observed associations.
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All statistical analyses were performed using SPSS Statistics version 30.0 (IBM Corp.,
Armonk, NY, USA). Statistical significance was established at a two-sided p-value < 0.05.

3. Results
3.1. Study Population

The final study population included 92,184 active workers. According to behav-
ioral procrastination category, 18,829 participants (20.4%) were classified as having very
low/absent procrastination, 41,122 (44.6%) as moderate procrastination, 26,818 (29.1%) as
high procrastination, and 5415 (5.9%) as very high/chronic procrastination.

A progressive worsening of the global cardiometabolic profile was observed across
increasing procrastination categories. Participants with higher procrastination scores were
older and exhibited substantially higher levels of adiposity, abdominal obesity, and adverse
lifestyle-related behaviors.

The main demographic, anthropometric, lifestyle-related, and cardiometabolic char-
acteristics of the study population according to behavioral procrastination category are
summarized in Table 1.

Table 1. Baseline demographic, anthropometric, lifestyle, and metabolic characteristics according to
behavioral procrastination category.

Variable Very Low/Absent
(n = 18,829)

Moderate
(n = 41,122) High (n = 26,818) Very High/Chronic

(n = 5415)

Age, years 33.02 ± 6.47 35.02 ± 7.08 47.78 ± 7.97 56.38 ± 5.68
Male sex, n (%) 8741 (46.4) 25,327 (61.6) 17,253 (64.3) 4123 (76.1)

BMI, kg/m2 22.30 ± 1.83 26.06 ± 4.14 27.93 ± 4.51 31.01 ± 4.58
Waist circumference, cm 75.20 ± 7.57 82.16 ± 10.18 85.37 ± 11.38 91.53 ± 11.17

Waist-to-height ratio 0.449 ± 0.037 0.487 ± 0.052 0.511 ± 0.057 0.551 ± 0.059
Obesity, n (%) 6 (0.03) 5370 (13.1) 7601 (28.3) 3357 (62.0)

Current smoker, n (%) 3 (0.02) 18,040 (43.9) 12,261 (45.7) 2306 (42.6)
Physically active, n (%) 15,972 (84.8) 20,869 (50.7) 7080 (26.4) 522 (9.6)

Healthy diet, n (%) 14,748 (78.3) 19,772 (48.1) 6547 (24.4) 516 (9.5)

Continuous variables are presented as mean ± standard deviation; categorical variables as n (%).
BMI, body mass index.

Participants with higher behavioral procrastination levels exhibited progressively
older age, greater general and central adiposity, lower physical activity, poorer dietary
habits, and a markedly less favorable cardiometabolic profile compared with individuals
reporting very low procrastination levels.

Mean age increased progressively from 33.0 years in participants with very low pro-
crastination to 56.4 years among those with very high/chronic procrastination. Similarly,
body mass index rose from 22.3 ± 1.8 kg/m2 to 31.0 ± 4.6 kg/m2 across the same cate-
gories (p < 0.001). Waist circumference and waist-to-height ratio also demonstrated a clear
dose-dependent increase.

Lifestyle-related variables showed marked differences between groups. Individuals
with higher procrastination levels more frequently reported smoking, lower physical
activity levels, poorer dietary habits, and substantially higher obesity prevalence. Obesity
prevalence increased from virtually absent levels in the very low procrastination group to
62.0% among participants with very high/chronic procrastination (p < 0.001).

3.2. Insulin Resistance and Visceral Adiposity Phenotypes

All evaluated surrogate markers of insulin resistance and visceral adiposity worsened
progressively across increasing procrastination categories.

https://doi.org/10.3390/endocrines7040060
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Table 2 presents the distribution of insulin resistance and visceral adiposity indices
according to behavioral procrastination category.

Table 2. Insulin resistance and visceral adiposity phenotypes according to behavioral procrastina-
tion category.

Marker Very Low/Absent
(n = 18,829)

Moderate
(n = 41,122) High (n = 26,818) Very High/Chronic

(n = 5415)

TyG index 8.00 ± 0.46 8.24 ± 0.53 8.50 ± 0.58 8.75 ± 0.57
TyG-BMI 178.50 ± 19.20 215.44 ± 40.47 237.94 ± 44.73 271.72 ± 46.04
TyG-waist 601.96 ± 74.27 679.25 ± 109.64 728.64 ± 129.94 803.70 ± 132.15
TyG-WtHR 3.59 ± 0.38 4.03 ± 0.59 4.36 ± 0.69 4.84 ± 0.73
METS-IR 30.57 ± 3.10 36.88 ± 6.78 41.08 ± 7.66 47.16 ± 8.10

SPISE 8.54 ± 1.36 6.79 ± 1.75 5.87 ± 1.54 4.84 ± 1.23
TG/HDL-C ratio 1.48 ± 0.83 2.01 ± 1.44 2.81 ± 2.49 3.50 ± 2.61

LAP 12.87 ± 9.51 25.17 ± 27.19 38.44 ± 47.57 54.29 ± 50.70
VAI 3.25 ± 2.22 5.12 ± 4.68 7.62 ± 8.79 10.25 ± 9.44
AVI 11.73 ± 2.14 13.97 ± 3.32 15.08 ± 3.88 17.21 ± 3.99
BRI 2.43 ± 0.60 3.11 ± 0.95 3.55 ± 1.10 4.34 ± 1.22

ABSI 0.073 ± 0.006 0.072 ± 0.007 0.072 ± 0.007 0.072 ± 0.007
CUN-BAE 24.73 ± 6.19 28.69 ± 7.86 32.52 ± 7.50 35.67 ± 6.85
METS-VF 5.38 ± 0.68 5.97 ± 0.71 6.43 ± 0.63 6.95 ± 0.50

Values are presented as mean ± standard deviation. TyG, triglyceride–glucose index; BMI, body mass
index; WtHR, waist-to-height ratio; METS-IR, metabolic score for insulin resistance; SPISE, single-
point insulin sensitivity estimator; TG/HDL-C, triglyceride-to-high-density lipoprotein cholesterol
ratio; LAP, lipid accumulation product; VAI, visceral adiposity index; AVI, abdominal volume
index; BRI, body roundness index; ABSI, a body shape index; CUN-BAE, Clínica Universidad de
Navarra–Body Adiposity Estimator; METS-VF, metabolic score for visceral fat.

All evaluated insulin resistance and visceral adiposity markers differed significantly
across procrastination categories, with the largest gradients observed for METS-IR, TyG-
waist, LAP, VAI, and METS-VF.

The TyG index increased steadily from 8.00 ± 0.46 in participants with very low
procrastination to 8.75 ± 0.57 in those with very high/chronic procrastination (p < 0.001).
Similarly, TyG-BMI increased from 178.5 ± 19.2 to 271.7 ± 46.0, whereas TyG-waist in-
creased from 602.0 ± 74.3 to 803.7 ± 132.2.

Comparable gradients were observed for all additional insulin resistance and
adiposity-related indices. METS-IR progressively increased from 30.6 ± 3.1 in the very
low procrastination group to 47.2 ± 8.1 in the very high/chronic procrastination group. In
contrast, SPISE values progressively decreased across increasing procrastination categories,
indicating worsening estimated insulin sensitivity.

Markers of visceral adiposity dysfunction also demonstrated substantial deterioration.
Mean LAP values increased more than fourfold between the lowest and highest procras-
tination groups, whereas VAI values increased from 3.25 ± 2.22 to 10.25 ± 9.44. Similar
dose-dependent increases were observed for AVI, BRI, CUN-BAE, and METS-VF.

3.3. Prevalence of Adverse Insulin Resistance Phenotypes

The prevalence of adverse insulin resistance and visceral adiposity phenotypes pro-
gressively increased across behavioral procrastination categories, as illustrated in Figure 2.
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Figure 2. Prevalence of selected adverse insulin resistance and visceral adiposity phenotypes ac-
cording to behavioral procrastination category. Bars represent observed prevalence (%) and error
bars indicate 95% binomial confidence intervals calculated using the Wilson method. Differences
in prevalence across procrastination categories were evaluated using Pearson’s chi-square test and
were statistically significant for all four phenotypes (all p < 0.001). These analyses are descriptive
and unadjusted. Adverse phenotypes were defined using cohort-specific upper quartiles for the TyG
index, METS-IR, and METS-VF, whereas low SPISE was defined using the lowest cohort quartile.
TyG: triglyceride–glucose index; METS-IR: metabolic score for insulin resistance; SPISE: single-point
insulin sensitivity estimator; METS-VF: metabolic score for visceral fat.

The unadjusted prevalence of the selected adverse metabolic phenotypes differed
significantly across behavioral procrastination categories (Pearson’s chi-square test, all
p < 0.001). Higher procrastination categories showed progressively greater observed
prevalence of elevated TyG index, elevated METS-IR, elevated METS-VF, and low SPISE.

Participants with very high/chronic procrastination exhibited the highest unadjusted
prevalence of the four adverse metabolic phenotypes displayed in Figure 2. The prevalence
of elevated TyG index increased from 8.2% in the very low/absent procrastination category
to 55.6% in the very high/chronic category. Similarly, the prevalence of elevated METS-IR
increased from 0.1% to 74.9%, elevated METS-VF from 0.4% to 78.0%, and low SPISE from
0.2% to 72.0%.

Comparable patterns were observed for TyG-BMI, TyG-waist, TyG-WtHR, low SPISE,
elevated LAP, elevated VAI, and elevated BRI.

Table 3 summarizes the prevalence of adverse insulin resistance and visceral adiposity
phenotypes across behavioral procrastination categories.

The unadjusted prevalence of all adverse insulin resistance and visceral adiposity
phenotypes differed significantly across procrastination categories (all Pearson’s chi-square
p < 0.001), with progressively higher observed prevalence across increasing procrastina-
tion categories. The largest absolute differences between the very low/absent and very
high/chronic categories were observed for METS-VF, METS-IR, low SPISE, and TyG-BMI.

These descriptive findings were based on unadjusted prevalence comparisons and
should therefore be interpreted separately from the adjusted multivariable associations
presented in the following section.
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Table 3. Prevalence of adverse insulin resistance and visceral adiposity phenotypes according to
behavioral procrastination category.

Phenotype Cut-Off Very Low Moderate High Very High

Elevated TyG index ≥8.64 1552 (8.2) 8789 (21.4) 10,023 (37.4) 3009 (55.6)
Elevated TyG-BMI ≥244.33 18 (0.1) 8129 (19.8) 10,952 (40.8) 3951 (73.0)
Elevated TyG-waist ≥753.18 461 (2.4) 9116 (22.2) 10,128 (37.8) 3341 (61.7)
Elevated TyG-WtHR ≥4.42 385 (2.0) 8541 (20.8) 10,643 (39.7) 3689 (68.1)
Elevated METS-IR ≥41.82 10 (0.1) 7758 (18.9) 11,234 (41.9) 4058 (74.9)

Low SPISE ≤5.37 32 (0.2) 8115 (19.7) 11,122 (41.5) 3898 (72.0)
Elevated TG/HDL ratio ≥2.55 1437 (7.6) 8649 (21.0) 10,030 (37.4) 2944 (54.4)

Elevated LAP ≥31.46 717 (3.8) 9060 (22.0) 10,061 (37.5) 3235 (59.7)
Elevated VAI ≥6.59 1174 (6.2) 8867 (21.6) 9991 (37.3) 3048 (56.3)
Elevated BRI ≥3.70 346 (1.8) 8994 (21.9) 10,419 (38.9) 3633 (67.1)

Elevated CUN-BAE ≥34.40 640 (3.4) 10,272 (25.0) 9549 (35.6) 2631 (48.6)
Elevated METS-VF ≥6.61 84 (0.4) 7130 (17.3) 11,850 (44.2) 4226 (78.0)

Data are presented as absolute frequency (percentage). Adverse phenotypes were defined using
cohort-specific upper quartiles for TyG index, TyG-BMI, TyG-waist, TyG-WtHR, METS-IR, TG/HDL
ratio, LAP, VAI, BRI, CUN-BAE, and METS-VF. Low SPISE phenotype was defined using the lowest
cohort quartile. TyG: triglyceride–glucose index. TyG-BMI: triglyceride–glucose index combined
with body mass index. TyG-WtHR: triglyceride–glucose index combined with waist-to-height ratio.
METS-IR: metabolic score for insulin resistance. SPISE: single-point insulin sensitivity estimator.
TG/HDL: triglyceride-to-high-density lipoprotein cholesterol ratio. LAP: lipid accumulation product.
VAI: visceral adiposity index. BRI: body roundness index. CUN-BAE: Clínica Universidad de
Navarra–Body Adiposity Estimator. METS-VF: metabolic score for visceral fat. All comparisons
between groups were statistically significant (p < 0.001).

3.4. Association Between Behavioral Procrastination and Insulin Resistance Phenotypes

Multivariable linear regression analyses evaluating the association between behavioral
procrastination categories and continuous insulin resistance and visceral adiposity indices
are presented in Table 4.

Table 4. Multivariable linear regression analyses between PPS-9 score and insulin resistance/visceral
adiposity indices.

Outcome Moderate vs. Very Low,
Adjusted Difference (95% CI)

High vs. Very Low, Adjusted
Difference (95% CI)

Very High vs. Very Low,
Adjusted Difference (95% CI)

TyG index −0.018 (−0.028 to −0.009) 0.076 (0.060 to 0.091) 0.230 (0.203 to 0.257)
METS-IR 5.344 (5.263 to 5.424) 10.908 (10.754 to 11.063) 19.478 (19.193 to 19.763)

SPISE −1.382 (−1.405 to −1.359) −2.366 (−2.399 to −2.333) −3.725 (−3.775 to −3.674)
LAP 4.639 (4.232 to 5.046) 23.038 (22.069 to 24.006) 47.504 (45.518 to 49.490)
VAI −0.509 (−0.582 to −0.435) 1.527 (1.356 to 1.699) 4.174 (3.813 to 4.534)

METS-VF 0.430 (0.421 to 0.440) 0.798 (0.784 to 0.811) 1.310 (1.290 to 1.330)

Values are adjusted mean differences (regression coefficient estimates) with 95% confidence inter-
vals calculated using heteroscedasticity-consistent (HC3) robust standard errors, using the very
low/absent procrastination category as the reference group. HC3 robust standard errors were applied
to all outcomes reported in the table. Models were adjusted for age (modeled using linear and
quadratic terms), sex, smoking status, physical activity, dietary habits, and educational level. The
TyG index model was additionally adjusted for BMI. BMI was not included in models evaluating
BMI- or adiposity-derived indices to avoid mathematical overadjustment. All reported comparisons
were statistically significant at p < 0.001, except where the 95% confidence interval included zero.

After multivariable adjustment, behavioral procrastination category remained signifi-
cantly associated with the evaluated insulin resistance and visceral adiposity phenotypes.
Compared with participants in the very low/absent procrastination category, those in
the very high/chronic category showed substantially higher adjusted METS-IR (adjusted
difference 19.478; 95% CI 19.193–19.763), LAP (47.504; 95% CI 45.518–49.490), VAI (4.174;
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95% CI 3.813–4.534), METS-VF (1.310; 95% CI 1.290–1.330), and TyG index (0.230; 95% CI
0.203–0.257), together with lower SPISE (−3.725; 95% CI −3.775 to −3.674).

Clear progressive gradients across procrastination categories were observed for
METS-IR, SPISE, LAP, and METS-VF. For TyG index and VAI, however, the adjusted
estimates in the moderate procrastination category did not follow a strictly monotonic
pattern, whereas substantially adverse associations were evident in the high and very
high/chronic categories.

Sequential adjustment indicated that demographic and lifestyle factors explained part,
but not all, of the observed associations. Comparing the very high/chronic with the very
low/absent procrastination category, the magnitude of the association was attenuated
by 70.6% for the TyG index, 50.7% for VAI, 25.2% for LAP, 17.1% for SPISE, 11.1% for
METS-IR, and 3.2% for METS-VF after sequential adjustment. Despite this attenuation, the
associations remained statistically significant in the fully adjusted models.

Because procrastination categories showed substantial differences in age distribution,
an additional sensitivity analysis was performed among participants aged 40–49 years
(n = 27,153), comprising 3618 participants in the very low/absent category, 12,572 in the
moderate category, 10,261 in the high category, and 702 in the very high/chronic category.
Within this restricted age range, very high/chronic procrastination remained associated
with higher TyG index (adjusted difference 0.254; 95% CI 0.195–0.312; CI width, 0.117),
METS-IR (21.690; 95% CI 21.051–22.330; CI width, 1.279), LAP (60.828; 95% CI 55.529–66.127;
CI width, 10.598), VAI (5.917; 95% CI 4.924–6.909; CI width, 1.985), and METS-VF (1.389;
95% CI 1.353–1.424; CI width, 0.071), together with lower SPISE (−3.779; 95% CI −3.871 to
−3.687; CI width, 0.184), compared with the very low/absent procrastination category.

3.5. Sex-Stratified Analyses

Sex-stratified multivariable linear regression analyses evaluating the association be-
tween behavioral procrastination and continuous insulin resistance/visceral adiposity
indices are presented in Table 5.

Table 5. Sex-stratified multivariable associations between very high/chronic versus very low/absent
procrastination and insulin resistance/visceral adiposity phenotypes.

Outcome Men, Adjusted Difference
(95% CI)

Women, Adjusted Difference
(95% CI)

TyG index 0.226 (0.191 to 0.261) 0.236 (0.192 to 0.280)
METS-IR 18.396 (18.072 to 18.720) 21.380 (20.807 to 21.953)

SPISE −3.418 (−3.474 to −3.363) −4.359 (−4.459 to −4.258)
LAP 53.239 (50.546 to 55.932) 35.484 (33.174 to 37.795)
VAI 5.476 (4.973 to 5.980) 0.928 (0.721 to 1.136)

METS-VF 1.254 (1.233 to 1.275) 1.448 (1.405 to 1.491)
Values are adjusted mean differences (regression coefficient estimates) with 95% confidence intervals
calculated using heteroscedasticity-consistent (HC3) robust standard errors, comparing the very
high/chronic procrastination category with the very low/absent procrastination category. HC3
robust standard errors were applied to all outcomes reported in the table. Sex-stratified models
were adjusted for age (modeled using linear and quadratic terms), smoking status, physical activity,
dietary habits, and educational level. The TyG index models were additionally adjusted for BMI.
TyG: triglyceride–glucose index; METS-IR: metabolic score for insulin resistance; SPISE: single-
point insulin sensitivity estimator; LAP: lipid accumulation product; VAI: visceral adiposity index;
METS-VF: metabolic score for visceral fat.

Sex-stratified analyses showed that very high/chronic procrastination was associated
with an adverse metabolic profile in both men and women compared with very low/absent
procrastination. The magnitude of the adjusted differences was greater in women for METS-
IR, SPISE, and METS-VF, whereas larger differences were observed in men for LAP and VAI.
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The association with the TyG index was of similar magnitude in both sexes. These findings
indicate that the association between behavioral procrastination and metabolic dysfunction
is present in both sexes, although its magnitude and pattern vary by metabolic phenotype.

3.6. Sensitivity Analyses

Sensitivity analyses performed after excluding participants with previously diagnosed
diabetes mellitus are presented in Table 6.

Table 6. Sensitivity analyses excluding participants with diabetes mellitus: multivariable associations
between behavioral procrastination category and insulin resistance/visceral adiposity phenotypes.

Outcome Moderate vs. Very Low,
Adjusted Difference (95% CI)

High vs. Very Low, Adjusted
Difference (95% CI)

Very High vs. Very Low,
Adjusted Difference (95% CI)

TyG index −0.017 (−0.027 to −0.008) 0.070 (0.055 to 0.086) 0.204 (0.177 to 0.231)
METS-IR 5.352 (5.272 to 5.433) 10.857 (10.703 to 11.010) 19.262 (18.978 to 19.546)

SPISE −1.385 (−1.408 to −1.362) −2.366 (−2.400 to −2.333) −3.721 (−3.772 to −3.671)
LAP 4.791 (4.395 to 5.188) 22.969 (22.006 to 23.932) 46.433 (44.489 to 48.377)
VAI −0.474 (−0.545 to −0.403) 1.523 (1.353 to 1.693) 3.978 (3.627 to 4.329)

METS-VF 0.432 (0.422 to 0.441) 0.798 (0.784 to 0.812) 1.307 (1.287 to 1.328)

Values are adjusted mean differences with heteroscedasticity-consistent (HC3) 95% confidence in-
tervals, using the very low/absent procrastination category as the reference group. Models were
adjusted for age (modeled using linear and quadratic terms), sex, smoking status, physical activity,
dietary habits, and educational level. The TyG index model was additionally adjusted for BMI. BMI
was not included in models evaluating BMI- or adiposity-derived phenotypes to avoid mathematical
overadjustment. TyG: triglyceride–glucose index; METS-IR: metabolic score for insulin resistance;
SPISE: single-point insulin sensitivity estimator; LAP: lipid accumulation product; VAI: visceral
adiposity index; METS-VF: metabolic score for visceral fat.

Sensitivity analyses excluding participants with diabetes mellitus yielded results
consistent with those of the primary analyses. Compared with the very low/absent pro-
crastination category, participants with very high/chronic procrastination showed higher
adjusted METS-IR (19.262; 95% CI 18.978–19.546), LAP (46.433; 95% CI 44.489–48.377),
VAI (3.978; 95% CI 3.627–4.329), METS-VF (1.307; 95% CI 1.287–1.328), and TyG index
(0.204; 95% CI 0.177–0.231), together with lower SPISE (−3.721; 95% CI −3.772 to −3.671).
These findings indicate that the observed associations were not driven by participants with
established diabetes mellitus.

4. Discussion
The present study identified a robust association between behavioral procrastination

and adverse insulin resistance and visceral adiposity phenotypes in a large occupational
cohort of more than 92,000 Spanish workers. Higher procrastination categories were con-
sistently associated with less favorable metabolic profiles across the evaluated surrogate
indices, including TyG-derived phenotypes, METS-IR, SPISE, LAP, VAI, and METS-VF.
These associations persisted after adjustment for major demographic and lifestyle-related
covariates; however, given the cross-sectional design, they should be interpreted as associa-
tive rather than causal and do not establish the temporal direction of the relationship.

Beyond the coexistence of unhealthy lifestyle behaviors, our findings show that higher
procrastination categories were associated with a broader pattern of adverse metabolic char-
acteristics, including insulin resistance and visceral adiposity dysfunction. The consistency
of the associations across multiple complementary metabolic phenotypes supports further
investigation of the relationship between behavioral self-regulation and metabolic health;
however, the cross-sectional design does not establish whether procrastination precedes or
contributes to adverse cardiometabolic changes.
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4.1. Behavioral Procrastination and Metabolic Dysfunction

Our findings extend previous research on procrastination, which has largely focused
on psychological distress, academic performance, subjective health outcomes, and adverse
health behaviors [60–62], by demonstrating associations with objectively assessed insulin
resistance and visceral adiposity phenotypes.

Our results are consistent with previous evidence linking procrastination with physio-
logical health, stress, and health-related behaviors. Flett et al. described procrastination as
a vulnerability factor associated with persistent stress activation and maladaptive coping
responses [60]. Similarly, Tice and Baumeister observed associations between procrastina-
tion and subsequent stress burden, sleep quality, and health-related functioning [61]. These
findings provide potential behavioral and neuroendocrine explanations for the associations
observed in our study, although the present cross-sectional data cannot establish whether
these mechanisms contribute causally to metabolic dysfunction.

The strongest associations were observed for composite phenotypes integrating in-
sulin resistance and visceral adiposity, particularly METS-IR, METS-VF, LAP, and SPISE.
These indices capture broader metabolic dysfunction and have shown predictive value for
diabetes, hepatic steatosis, subclinical atherosclerosis, and cardiovascular events [63–65].

TyG-derived phenotypes also differed across procrastination categories. Given their
established utility as low-cost markers of insulin resistance and cardiometabolic risk in large
epidemiological cohorts [66,67], these findings further support an association between pro-
crastination and metabolic dysfunction, without establishing temporal or causal direction.

4.2. Potential Biological and Behavioral Mechanisms

Several interrelated mechanisms may underlie the observed association between pro-
crastination and metabolic dysfunction; however, these mechanisms cannot be established
from the present cross-sectional data. Chronic psychological stress likely represents one of
the central pathways. Procrastination is frequently accompanied by persistent anticipatory
anxiety, emotional tension, guilt, perceived loss of control, and repeated stress-related cog-
nitive activation [68]. Sustained activation of the hypothalamic–pituitary–adrenal axis may
promote cortisol dysregulation, visceral fat deposition, endothelial dysfunction, oxidative
stress, and impaired insulin signaling [69,70].

Experimental and epidemiological studies have shown that chronic stress exposure
contributes directly to visceral adiposity accumulation and metabolic syndrome develop-
ment through alterations in glucocorticoid activity, inflammatory signaling, autonomic
balance, and appetite regulation [71]. Visceral adipose tissue itself further amplifies this
process through secretion of pro-inflammatory cytokines, adipokines, and neurohormonal
mediators that worsen insulin sensitivity and systemic metabolic homeostasis [72].

Behavioral factors may also contribute to the observed associations. Participants with
higher procrastination levels had lower physical activity, poorer dietary habits, and higher
smoking prevalence, consistent with previous reports linking procrastination to unhealthy
lifestyle patterns [73–75]. Sleep-related behaviors may also be relevant, as bedtime pro-
crastination has been associated with delayed sleep onset, shorter sleep duration, and
poorer sleep quality [76], while sleep restriction and circadian misalignment are established
correlates of insulin resistance and adiposity [77]. However, the potential mediating role of
these behaviors cannot be established from the present cross-sectional data.

4.3. Visceral Adiposity as a Central Phenotype

One of the most notable findings of the present study is the strong association be-
tween procrastination and markers of visceral adiposity dysfunction. Compared with
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isolated glycemic or lipid markers, indices such as METS-VF, LAP, VAI, and TyG-waist
demonstrated steeper dose–response gradients and larger adjusted effect sizes.

Visceral adiposity is an important component of cardiometabolic risk and has been
associated with insulin resistance, endothelial dysfunction, hepatic steatosis, systemic
inflammation, and atherogenic dyslipidemia [78,79]. This may provide a potential context
for previous observational associations between procrastination and adverse cardiovascular
and health outcomes [80,81]. However, whether visceral adiposity or insulin resistance
represents an intermediate pathway linking procrastination with cardiometabolic disease
cannot be determined from the present cross-sectional data.

4.4. Sex-Related Differences

Although the association between procrastination and metabolic dysfunction was
observed in both sexes, some metabolic phenotypes demonstrated stronger relative asso-
ciations among women. However, these findings should be interpreted cautiously and
should not be considered evidence of greater metabolic vulnerability in women. Men
exhibited a higher absolute cardiometabolic burden and were more frequently represented
in the highest procrastination category, highlighting the distinction between relative effect
estimates and absolute metabolic risk.

Several factors may contribute to the observed sex-related differences, including base-
line metabolic risk, age, adiposity and fat distribution, hypothalamic–pituitary–adrenal
axis responsiveness, inflammatory and autonomic regulation, and health-related behav-
iors [82–84]. However, these findings should be considered hypothesis-generating, as the
present cross-sectional study was not designed to determine the mechanisms underlying
sex differences and residual confounding cannot be excluded. Further studies are needed
to determine whether the observed patterns reflect biological susceptibility, behavioral
factors, or their interaction.

4.5. Clinical and Occupational Health Implications

The present findings may be relevant to occupational health, as workplace environ-
ments frequently involve stress, sedentary behavior, time pressure, sleep disruption, and
limited opportunities for healthy lifestyle behaviors [85]. In this context, procrastination
may represent a behavioral marker associated with broader metabolic vulnerability.

The association between procrastination and insulin resistance is of potential inter-
est because insulin resistance may precede overt cardiometabolic disease. However, the
cross-sectional design of the present study does not establish the temporal or causal direc-
tion of this association. Psychological stress, emotional dysregulation, physical inactivity,
sedentary behavior, unhealthy dietary habits, sleep disruption, and smoking may repre-
sent explanatory or confounding factors in the association between procrastination and
metabolic dysfunction. The present data cannot determine whether these factors mediate
the observed association or whether procrastination precedes metabolic alterations. Accord-
ingly, the potential clinical or preventive relevance of these findings requires confirmation
in prospective and interventional studies.

From an occupational health perspective, procrastination may warrant further investi-
gation as a potential behavioral marker of cardiometabolic vulnerability. However, its value
for cardiometabolic risk stratification and the potential metabolic benefits of interventions
targeting procrastination or related behavioral factors require evaluation in prospective
and interventional studies [86,87].

4.6. Strengths and Limitations

The principal strengths of this study include its very large sample size, standardized
occupational health data collected under relatively homogeneous clinical conditions, and
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the simultaneous evaluation of multiple complementary surrogate markers of insulin resis-
tance and visceral adiposity. The consistency of the findings across metabolic phenotypes
and sensitivity analyses further supports the robustness of the observed associations.

Differences in age and lifestyle characteristics across procrastination categories repre-
sent an important source of potential confounding. Participants in the very high/chronic
category were, on average, more than two decades older than those in the very low/absent
category. Consistent with this marked imbalance, sequential adjustment substantially
attenuated several associations, particularly for the TyG index (70.6%) and VAI (50.7%),
indicating that demographic and lifestyle characteristics accounted for a substantial pro-
portion of the observed between-category differences for these phenotypes. Although
residual associations remained after multivariable adjustment and in the sensitivity anal-
ysis restricted to participants aged 40–49 years, the limited overlap in age distributions
across procrastination categories prevents complete separation of the effects of age and
procrastination. Therefore, the remaining associations should not be interpreted as evidence
of an independent causal effect of procrastination, and residual confounding by lifestyle,
psychosocial, clinical, or other unmeasured factors cannot be excluded.

First, the cross-sectional design precludes causal inference and does not establish
temporal direction. Importantly, reverse causality is at least as plausible as the direction
examined in the present study: metabolic dysfunction and related fatigue, reduced motiva-
tion, emotional distress, or behavioral disengagement may contribute to higher reported
procrastination. Thus, the present data cannot determine whether procrastination precedes
metabolic dysfunction, metabolic dysfunction contributes to reported procrastination, or
both reflect shared underlying determinants. Accordingly, formal mediation analyses
were not performed because the temporal ordering of procrastination, potential behavioral
mediators, and metabolic outcomes cannot be established.

Second, procrastination was assessed using a self-report questionnaire, which may be
subject to reporting bias and social desirability effects. In addition, the nine-item Spanish
version of the Pure Procrastination Scale (PPS-9) used in this study has not been formally
validated in the Spanish population, and the score categories applied in the descriptive
analyses do not represent clinically validated cut-off points. Although these categories
were used only as operational groupings, this should be considered when interpreting
categorical comparisons.

Third, information on psychiatric comorbidities, including depression, anxiety dis-
orders, and attention-deficit/hyperactivity disorder (ADHD), and on psychotropic med-
ication use was not collected in the occupational health dataset and therefore could not
be included in the multivariable models. This represents a potential source of residual
confounding, as psychiatric disorders may be associated with procrastination, while some
psychotropic medications may influence body weight, appetite, glucose metabolism, and
other cardiometabolic parameters. Consequently, their potential influence on the observed
associations cannot be excluded.

Fourth, although leisure-time physical activity was included as a covariate in the
multivariable models, specific information on occupational physical activity or the physical
demands of participants’ jobs was not available. Therefore, potential differences between
sedentary and physically demanding occupations could not be accounted for and may
have contributed to residual confounding. Residual confounding related to sleep qual-
ity, socioeconomic variables, occupational stress burden, dietary composition, and other
unmeasured behavioral or occupational factors may also persist despite multivariable
adjustment. In addition, although the total number of participants excluded because of
incomplete data was known, a reliable variable-specific breakdown of missingness could
not be reconstructed from the records available for the present study. More granular infor-
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mation may have existed in original site-level clinical or data-management records, but
these were not available in a sufficiently complete and harmonized form for retrospective
reconstruction. Therefore, we could not determine whether missingness was concentrated
in particular variables or participant subgroups, and differential exclusion and associated
selection bias cannot be excluded.

Finally, although surrogate indices of insulin resistance and visceral adiposity have
demonstrated good epidemiological validity, direct assessment using hyperinsulinemic–
euglycemic clamp techniques or imaging-based visceral fat quantification was not available
in this occupational cohort.

4.7. Future Directions

Future longitudinal studies are needed to clarify the temporal relationship between
procrastination and metabolic dysfunction and to assess potential causal associations.
Prospective investigations evaluating whether elevated procrastination predicts incident
diabetes mellitus, metabolic syndrome, hepatic steatosis, or cardiovascular disease would
be particularly valuable.

In addition, mechanistic studies integrating inflammatory biomarkers, cortisol dynam-
ics, autonomic function, sleep assessment, and behavioral phenotyping may help elucidate
the biological pathways linking chronic procrastination to metabolic dysfunction.

Interventional studies evaluating whether reducing procrastination behaviors im-
proves cardiometabolic outcomes may also represent an important area of future research,
particularly in occupational health settings characterized by high stress exposure and
sedentary lifestyles.

5. Conclusions
In this large cross-sectional occupational cohort, higher operational PPS-9 categories

were associated with less favorable insulin resistance and visceral adiposity phenotypes.
Because these categories derive from an unvalidated 9-item Spanish adaptation of the
PPS using operational, non-clinical cutoffs, they should not be interpreted as established
or clinically validated levels of procrastination. However, the substantial age differences
across PPS-9 categories and the marked attenuation observed after demographic and
lifestyle adjustment, particularly for the TyG index and VAI, indicate that an important
proportion of these between-category differences is accounted for by covariate structure.
Residual associations persisted after multivariable adjustment and in an age-restricted
sensitivity analysis, but the cross-sectional design precludes causal or directional infer-
ence. These findings therefore support an association between the operational PPS-9
categories and cardiometabolic phenotype rather than an independent metabolic effect of
procrastination itself.
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