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ABSTRACT

This study evaluates the association between sleep duration, sleep quality, and metabolic markers
among construction workers in Sidoarjo Regency, Indonesia. This cross-sectional study enrolled 47
construction workers via consecutive sampling. Sleep quality was assessed using the Pittsburgh Sleep
Quality Index (PSQI); blood glucose and uric acid were measured using EasyTouch GCU, while blood
pressure was measured separately. Because most continuous variables were non-normally distributed,
we assessed associations using Spearman's rank correlation. Sleep duration was negatively correlated
with blood glucose (p=0.028) and positively correlated with uric acid (p=0.015). Supplementary
quadratic regression showed no evidence of curvature in the sleep duration—uric acid relationship, and
categorical sensitivity analyses (hyperuricemia-based) found consistent but non-significant directions
in the Mann-Whitney U test (p=0.072) and logistic regression (p=0.174). Sleep quality was not
significantly associated with any metabolic marker (all p>0.05). Sleep duration was consistently
associated with metabolic markers in this sample. Sleep duration showed a significant positive
correlation with uric acid that was not corroborated by categorical and regression-based sensitivity
analyses, and should therefore warrant larger, multi-site samples in future studies.
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INTRODUCTION

Metabolic syndrome is an increasingly
important global public health concern. A recent
systematic review and modeling analysis
estimated that approximately 1.54 billion adults
worldwide had metabolic syndrome in 2023, with
prevalence reaching 31.0% among women and
25.7% among men.' Metabolic syndrome is a

cluster of interrelated conditions, including
abdominal obesity, insulin resistance,
dyslipidemia, and  hypertension,  which

substantially increase the risk of cardiometabolic
complications.” Individuals with metabolic
syndrome have a 2.35-fold higher risk of
cardiovascular disease compared with those
without the syndrome (95% CI: 2.02-2.73).* The

the past two decades, rising from 11.9% in 2000
to 28.4% in 2023." This growing burden is
attributed to a combination of genetic and
environmental factors, particularly unhealthy
dietary patterns and sedentary lifestyles."

Poor sleep, whether from insufficient sleep
or low-quality sleep, is increasingly recognized as
a major trigger for metabolic issues. An updated
meta-analysis including 36 cross-sectional and 9
longitudinal studies found that short sleep
duration was associated with a higher risk of
incident metabolic syndrome (RR 1.28, 95% CI
1.07-1.53). However, the magnitude of this
association may vary across populations, with
previous subgroup analyses reporting different
effect estimates among Asian and Caucasian
populations.* Irregular sleep patterns disrupt our
circadian rhythms and alter key hormones that
regulate appetite and energy metabolism, such as
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leptin, ghrelin, and insulin.’

Construction work involves intense physical
labor and unpredictable shifts.® These factors may
take a toll on sleep and metabolic health, yet few
studies have examined sleep duration and sleep
quality together against multiple metabolic
markers within a single occupational cohort.” This
study addresses this gap by assessing blood
glucose and uric acid as the primary metabolic
health markers.®’ These markers are easy to test
on-site and offer a clear picture of cardiovascular
risk. By connecting them directly to two
modifiable habits (sleep duration and subjective
sleep quality assessed via questionnaires), we can
create highly practical health screening tools for
workplaces with limited resources. A study
among blue-collar workers in Poland showed that
the cardiometabolic profile, including glucose
and uric acid, which differs by occupational
status, supports an occupation-based screening
approach; this was demonstrated in a cross-
sectional study of three populations with different
employment statuses in Poland.'’

While the association between sleep and
metabolism is well-documented globally,* it
remains unclear whether these same patterns
apply to the rapidly industrializing region in
developing countries. This group faces unique
working conditions and dietary habits that differ
greatly from previously studied populations; in
developing countries, risks for work-related ill-
health and injuries are estimated to be 10 to 20
times higher than in developed countries."
Therefore, this study aims to fill this gap by
evaluating the relationship between sleep
duration, sleep quality, and key metabolic
markers among construction workers at a project
site in Sidoarjo Regency, Indonesia. Sidoarjo was
selected as the study setting because previous
local studies have documented poor sleep quality
and substantial occupational demands among
workers, highlighting the relevance of sleep-
related factors in the region’s working population.

METHODS

Study Design and Setting

This cross-sectional study was conducted
among workers at a construction project (Natura
Residence) in Sidoarjo Regency, East Java,
Indonesia, in April 2026.

Study Population
A total of 55 workers met the inclusion
criteria and were enrolled through consecutive
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sampling into the study (Figure 1). During data
collection, eight participants were subsequently
excluded from the final analysis because the
point-of-care device (EasyTouch® GCU) failed
to register uric acid levels due to values below the
device’s reading threshold (3mg/dL), which may
be due to technical or organic factors in the
participants. As uric acid was one of the three
primary metabolic outcomes, each affected
participant’s dataset (including sleep, smoking,

and other metabolic measurements) was
excluded, yielding a final analytic sample of 47
participants.

Participants whose uric acid values fell
below the lower detection limit of the point-of-
care analyzer (EasyTouch GCU), as the device
does not register a numeric reading below this
threshold. Because exclusion was determined
directly by proximity to the lower boundary of the
measurement range, this process was not random
with respect to the outcome: the excluded
participants were, by definition, those with the
lowest true uric acid concentrations in the sample.
This introduces directional selection bias in the
analytic subset by systematically removing the
low end of the uric acid distribution and
truncating the range of values available for
correlation analysis. As a result, associations
involving uric acid in this study should be
interpreted as applying to the range of values the
device could detect, and may not generalize to
individuals with clinically low uric acid levels.

Inclusion criteria: (1) aged 18-59 years
(working age); (2) employed on the Sidoarjo
Regency (Indonesia) construction project; (3)
willing to provide signed informed consent.

Exclusion criteria: (1) pregnant or
breastfeeding; (2) taking medication known to
affect metabolism or blood pressure; (3) history
of metabolic disease; (4) incomplete metabolic
measurement resulting from a point-of-care
device reading.

Variables and Measurements

The independent variables were sleep
duration and sleep quality. Blood pressure was
also recorded as a baseline characteristic but was
not analyzed inferentially. Dependent variables
included random blood glucose and random uric
acid. Smoking status was assessed as a baseline
characteristic but was not analyzed inferentially.
The authors have considered several confounding
variables including age, sex, physical activity, and
medical history. However, because of limited
variability and sample size, only age was included
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in the exploratory multivariate models. Blood
glucose and uric acid were measured using the
EasyTouch® GCU Blood
Glucose/Cholesterol/Uric  Acid Multi-Function
Monitoring System (Bioptik Technology Corp.,
Hsinchu, Taiwan). Volunteers measured blood
pressure using a sphygmomanometer. Remaining
variables were collected using structured
questionnaires.

Outcomes

To analyze the effects of sleep on metabolic
markers, the primary outcomes of interest were
random blood glucose and uric acid. Blood
pressure was categorized as either normal (below
the threshold of 120/80 mmHg, marked as 0) or
abnormal (above 120/80 mmHg, marked as 1).
The primary exposures for respondents include
sleep duration and sleep quality using the
Pittsburgh Sleep Quality Index (PSQI). Sleep
quality was categorized as normal (PSQI <5) and
poor (PSQI >5). Smoking status was classified as
current smoker, former smoker, or non-smoker
(nominal data). Data on blood pressure and
smoking status were also collected as baseline
characteristics, but were not included in the
inferential analysis.

Statistical Analysis

Jamovi (version 2.6) was utilized to analyze
the data. Initially, normality of continuous
variables was assessed using the Shapiro-Wilk
test. Because non-normally distributed variables
predominated in this study, all continuous
variables were reported as median (interquartile
range, IQR) for consistency, and non-parametric
statistical methods were wused throughout.
Spearman’s rank correlation coefficient was used
with the corresponding 95% confidence intervals.
A two-sided p<0.05 was considered statistically

RESULTS
Participant Characteristics
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significant.

We also ran multivariable linear regression
models for both glucose and uric acid, adjusting
for age, PSQI, and sleep duration. Model
assumptions were assessed using Q-Q plots,
showing departures from normality. As such, and
given the small sample size, we report regression
estimates as hypothesis-generating rather than
confirmatory. Three sensitivity analyses were
conducted additionally. First, because of outlying
uric acid values, we repeated correlations after
excluding them from the analysis. Second,
because Spearman’s correlation tests only for a
monotonic association and cannot distinguish
linear from curvilinear relationships, a quadratic
sleep-duration term was added to test for
curvature. Lastly, we dichotomized uric acid and
re-examined its association with sleep duration
using the non-parametric Mann—Whitney U test
and logistic regression.

Ethical Considerations

This study was conducted in accordance with
the Declaration of Helsinki, approved by the
ethics committee of the Faculty of Medicine,
Universitas ~ Airlangga (approval number:
60/EC/KEPK/FKUA/2026, approved on March
8th, 2026), as part of the parent study “Effects of
Sleeping Habits, Eating Habits, and Lung Health
Education Towards the Health Condition of
Construction Workers in Sidoarjo Regency.”
Written informed consent was obtained from all
participants prior to enrollment. During the data
analysis, subjects’ names and identities were not
included and were coded to maintain
confidentiality. Access to the questionnaire,
general check-up, and sphygmomanometer data
was restricted to certain authors, as previously
disclosed to participants.
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Excluded (n =8)

Reason: point-of-care device
did not register a uric acid

v

reading (below detectable
lower limit); complete
participant dataset excluded
from analysis

Construction workers assessed
for eligibility
(n=55)
Included in final analysis
(n=47)

Figure 1. Flow diagram of participant recruitment, exclusion, and final analytic sample.

Figure 1. Flow Diagram of Participant Recruitment and Selection

Figure 1 shows a flow diagram illustrating
participant recruitment and selection. Of the 55
construction workers initially assessed for
eligibility, eight participants were excluded
because of technical problems during general
health check-up (GCU) measurements, leaving 47
participants for the final analysis. Table 1 presents
the Dbaseline demographic and clinical
characteristics of the 47 participants. As most
continuous variables were found to deviate from

the normal distribution on Shapiro—Wilk testing,
all variables are reported uniformly as median
(IQR). In addition, Table 2 presents the
distribution of sleep-quality categories and their
corresponding metabolic marker values. Smoking
status was distributed as 27 current smokers
(57.4%), 4 former smokers (8.5%), and 16 who
had never smoked (34.0%). These descriptive
comparisons were not subjected to inferential
testing.

Table 1. Baseline Characteristics of Study Participants (N = 47)

Characteristic

n (%) |

Sex
Smoking Status
Blood Pressure

Never Smoked: 16 (34.0)
Normotensive: 15 (31.9)

Male: 42 (89.4) Female: 5 (10.6)
Smoked: 31 (66.0)

Abnormal: 32 (68.1)

Variable Median IQR

Age (yrs) 42.00 19.50

Sleep duration (hrs) 7.00 1.25
Sleep quality (PSQI score) 4.00 3.00
Uric acid (mg/dL) 6.10 1.60
Glucose (mg/dL) 103.00 19.00

Of the 47 participants, most were male (n =
42, 89.4%), while 5 participants (10.6%) were
female. Based on the 2019 Indonesian
Hypertension Management Consensus issued by
the Perhimpunan Dokter Hipertensi Indonesia
(PERHI),"”” blood pressure values up to
120/80mmHg were considered normotensive in

this study, whereas values above this threshold
were classified as abnormal. Accordingly, 32
participants (68.1%) were classified as abnormal
and 15 (31.9%) as normotensive. Sleep duration
ranged from 2 to 10 hours, with a median duration
of 7.0 hours (IQR 1.25).

Table 2. Metabolic Markers and Sleep Duration According to Sleep Quality

Sleep quality n (%) Glucose, median  Uric acid, median Sleep duration,
(IQR) (IQR) median (IQR)
Normal (PSQI <5) 32 (68.1%) 102.50 (17.00) 6.15(1.97) 7.00 (1.12)
Poor (PSQI>5) 15 (31.9%) 105.00 (19.00) 6.10 (0.80) 6.00 (2.25)
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Correlation Between Sleep Parameters and
Metabolic Markers

Associations between sleep variables (sleep
duration as continuous and sleep quality as
ordinal data) and metabolic markers were
assessed using Spearman’s rank correlation as

10.25077/jk31.7.3.240-247.2026

provided in Table 3. Sleep duration was
significantly and inversely correlated with blood
glucose and significantly and positively
correlated with uric acid. Sleep quality (PSQI)
was not significantly correlated with either
metabolic marker.

Table 3. Spearman Correlation Between Sleep Variables and Metabolic Markers

Outcome Sleep duration p (95% CI), p Sleep quality p (95% CI), p
Glucose —0.322 (—0.56—0.03), 0.028* —0.007, 0.963
Uric acid 0.352 (0.06-0.59), 0.015* —0.288, 0.050

*Statistically significant (p<0.05).

Sensitivity and Exploratory Analysis

Excluding statistical outliers in uric acid did
not change the direction, magnitude, or
significance of the sleep duration—uric acid or
sleep duration—glucose correlations. To test for a
curvilinear relationship, we added a quadratic
sleep-duration term to an exploratory regression
model predicting uric acid. The quadratic term
was not statistically significant (f = —0.05, p =
0.374), and the linear term also lost significance
once the quadratic term was included (p = 0.230).
As such, this provided no statistical evidence of a
curvature within the range of sleep duration
observed in this sample, indicating that the
association more closely reflected an
approximately linear, increasing pattern.

When uric acid was categorized, participants
with hyperuricemia (n=14) had a higher median
sleep duration than those without (n=33) (7.00 vs
6.00 hours), consistent with the previous finding.
However, this difference did not manage to reach
statistical significance (Mann—Whitney U =
307.5, p = 0.072). Logistic regression estimated
an odds ratio of 1.41 (95% CI 0.86-2.32, p =
0.174) for hyperuricemia per additional hour of
sleep duration.

Exploratory Regression Analysis

Multivariable linear regression models for
glucose and uric acid, each including PSQI (either
normal or abnormal sleep quality), sleep duration,
and age, did not identify any statistically
significant predictor (all p>0.05). The overall
model fit was also modest (glucose: R* = 0.141,
aR? 0.0363; uric acid: R? = 0.128, aR* 0.0217).
Residual Q-Q plots for both models deviated
from normality, so these exploratory models
should be cautiously interpreted.

DISCUSSION
Principal Findings

Among the construction workers in this
study, sleep duration, rather than sleep quality,
was the primary behavioral factor associated with
the metabolic markers examined. Specifically,
shorter sleep was associated with higher blood
glucose levels, whereas longer sleep was
surprisingly linked to higher uric acid. Otherwise,
sleep quality showed no association with
metabolic markers. To double-check these results,
we ran sensitivity analyses using a curved
relationship test and by grouping uric acid into
categories. These checks generally supported our
main correlation findings, although the
categorical analysis did not reach statistical
significance, which we discuss in detail below.

Sleep Duration and Blood Glucose

This study identified an inverse relationship
between sleep duration and glucose concentration
in blood, indicating that shorter sleep may be
linked with higher glucose levels. This direction
is consistent with existing evidence, placing this
finding as confirmatory to this phenomenon. At
the cellular level, acute sleep restriction reduces
insulin-stimulated PKB (Akt) signals in skeletal
muscle, and lowers insulin sensitivity as shown
by an 18.6% drop in the Matsuda index after two
nights of restricted sleep in healthy men."* At the
hormonal level, shortened sleep has been
associated with a decrease in leptin and increase
in ghrelin, forming a feeling of hunger and food
intake. Meanwhile, elevated cortisol further
lowers insulin action and increases hepatic
glucose output.'*'* These molecular and
hormonal changes combine into measurable
glycemic differences at the population level. This
was evidenced in previous research, where among
Korean non-regular workers, shorter sleep
duration was associated with impaired fasting
glucose.'  Additionally, a South Asian
community sample found that those sleeping
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under 6 hours had significantly higher fasting
glucose than longer sleepers. '

Sleep Duration and Uric Acid

This study found a positive association
between sleep duration and uric acid, indicating
that longer sleep was linked with higher levels of
uric acid. This direction contrasts with most
existing literature, which typically reports the
opposite pattern as observed among Chinese
government employees,”” and in elderly
Mediterranean population.'® Several
explanations, such as a non-linear, U-shaped
relationship between sleep duration and uric acid
(both unusually short and unusually long sleep
increase risk relative to a mid-range optimum),
have been reported in a large network meta-
analysis."” However, this explanation could not be
supported by the exploratory analysis conducted
by the author, providing no statistical evidence of
curvature within the observed range of sleep
duration. A methodological explanation should
also be considered. As noted in the limitations,
participants were excluded specifically for having
undetectably low uric acid, which trimmed the
bottom end of the distribution before the
correlation was ever calculated. That kind of
exclusion can push a correlation upward on its
own, independent of any real biology. Given how
directly this exclusion connects to the outcome
itself, it is a more likely driver of the divergence
from prior literature than an occupation-specific
confounder we simply did not measure. Another
possible explanation is reduced physical activity,
which has been associated with -elevated
inflammatory and metabolic markers, including
uric acid.'™" Because this finding diverges in
direction from most prior literature, it should be
treated more as hypothesis-generating for this
specific population rather than confirmatory,
generalizing theory.

Sleep Quality (PSQI) and Metabolic Markers

Unlike sleep duration, sleep quality, as
defined by PSQI results, was not significantly
correlated with glucose or uric acid. This
divergence between duration and quality is not
unusual, as PSQI by nature is retrospective and
subjective. Mendelian randomization work shows
that objectively measured sleep traits and self-
reported sleep measures may reflect distinct
exposures,”’ which may explain why duration was
more sensitive than PSQI.

Although the absence of significant
associations with sleep quality may appear
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counterintuitive, this trend has been reported in a
study of Taiwanese adults, reporting that poor
sleepers had lower levels of uric acid and blood
glucose compared to good sleepers. The original
authors attributed this pattern to confounding by
age and body composition.’ In the present study,
another possible explanation is that the relatively
small sample size and the distribution of PSQI
scores limited the ability to detect modest
associations ~ with  metabolic  outcomes.
Construction-worker-specific studies have also
shown that poor sleep quality is highly prevalent
and closely linked with fatigue, depressive
symptoms, and chronic disease,® suggesting that
subjective  PSQI scores in this occupational
setting may reflect broader occupational and
psychosocial influences in addition to metabolic
health.

Strengths and Limitations

This study represents a population novelty,
focusing on construction workers, an occupation
notably underrepresented in the sleep—metabolic
literature ~ despite  plausible  occupational
exposures including irregular shift patterns, heat
stress, and physical exertion that may plausibly
affect sleep and metabolic parameters. Despite
this novelty, several limitations apply. The
sample was modest (n = 47) after exclusions,
limiting statistical power. Several exposure
variables relied on self-report, including sleep
quality and smoking status, with smoking
captured only as a categorical variable rather than
pack-years. Glucose and uric acid were measured
via non-fasting point-of-care capillary testing
rather than laboratory assay; non-fasting glucose
values in particular are more variable and less
clinically interpretable than fasting
measurements.

Additionally, the point-of-care device could
not register values below its detection threshold,
and participants with uric acid levels below this
threshold were excluded from analysis. This
exclusion was not random with respect to uric
acid level, potentially truncating the lower end of
the distribution and introducing a bias that may
have influenced the observed positive association
between sleep duration and uric acid; the
unexpected direction of this association should
therefore be interpreted cautiously and requires
confirmation in larger studies using laboratory-
based measurements.

Regression models were further limited by
non-normal residuals driven by a small number of
influential observations, low explained variance

245



Setio et al

(adjusted R? = 0.036 for glucose, 0.022 for uric
acid), and no statistically significant predictors;
accordingly, regression estimates are reported as
hypothesis-generating rather than confirmatory.

Implications and Future Research

The finding that shorter sleep is linked to
higher blood glucose aligns perfectly with well-
established global research. When sleep is cut
short, it alters the body's neuroendocrine system,
triggering a stress response that reduces insulin
sensitivity and disrupts glucose handling. What
makes this study unique, however, is that this
relationship still holds true even within a
workforce facing intense physical labor and
irregular shifts, factors that wusually affect
metabolic health. This suggests that getting
enough sleep is a powerful, independent shield for
blood sugar control, even in highly demanding
work environments.

There's also a more specific issue worth
flagging: the eight participants excluded from this
study weren't dropped at random. They were
excluded because the point-of-care device
couldn't register a uric acid reading below its
detection floor, meaning the participants we lost
were, by definition, the ones with the lowest uric
acid values. This effectively cut off the low end of
the uric acid distribution before any analysis even
began. If sleep duration also happened to differ
between the excluded and included groups, this
alone could push the sleep—uric acid correlation in
a positive direction, regardless of any real
biological relationship. Because this exclusion
was tied directly to the outcome we measured, it's
arguably a simpler and more likely explanation
for our counterintuitive finding than an
unmeasured confounder, and we should keep it in
mind when interpreting the result.

CONCLUSION

Among 47 construction workers in Sidoarjo
Regency, Indonesia, sleep duration showed more
consistent associations with metabolic health
markers than subjective sleep quality (PSQI).
While shorter sleep was linked to higher blood
glucose (matching well-known research on how
sleep loss lowers insulin sensitivity), longer sleep
was unexpectedly related to higher uric acid. This
contrast to the typical U-shaped patterns found in
larger studies should be treated as a preliminary
finding, given our modest sample size and
snapshot design. Overall, these results suggest
that adjusting sleep duration, perhaps through
better shift scheduling, is a practical way to
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support worker health, though larger, long-term
studies using objective tracking tools are needed
to confirm this.
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