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ABSTRACT

Introduction: This study assessed the relationship between perceived indoor dampness, visible mold indicators,
and symptoms of Sick Building Syndrome (SBS) among university workers. Materials and Methods: A cross-sec-
tional study was conducted in two private university buildings in Kuala Lumpur, Malaysia, managed by the same
institutional authority. An integrated questionnaire, combining selected items from the NIOSH Dampness and Mold
Assessment Tool (DMAT) checklist and a standardized SBS symptom survey from the Malaysian Industry Code of
Practice on Indoor Air Quality, was administered. DMAT, used to assess damage, presence of mold, and dampness,
was translated into a score and adapted for self-reporting and validated by three built-environment experts. The
score was calculated using IBM SPSS Statistics 27, which includes a non-parametric test involving Spearman's rank
correlation and Logistic Regression for the association factor, as well as the Mann-Whitney U test for campus com-
parison. Results: Moderate positive correlations were observed between visible mold and the number of SBS symp-
toms reported (p = 0.405, p < .001). The air conditioning shows a higher mean rank across DMAT categories (mean
ranks ranging from 112 to 123.50). Visible mold indicated a positive weak relationship with runny nose, itching in
the nose, repeated fever attacks, nasal congestion, and headache (p-values between 0.002 and 0.049). For each in-
crease in DMAT score, the odds of reporting more than one SBS symptom increased by 41%. Campus A showed a
higher DMAT score (median = 4) and risk of upper respiratory symptoms. The results indicate associations but do not
demonstrate causality. Key limitations include the absence of microbiological sampling and potential reporting bias.
Conclusion: This study presents a timely and scalable model for building health surveillance, and the integration
method can serve as a reference for future investigations.
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INTRODUCTION

Dampness, indoor mold, and Sick Building Syndrome
(SBS) have become persistent issues globally. Indoor
dampness, which refers to the presence of unwanted
moisture, is evidenced by the existence of stains, mold
proliferation, and material decay (1). The condition
accelerates the decline of indoor air quality associated
with sick building syndrome (2). The global statistics
indicate that 10 to 50% of indoor environments exhibit
dampness issues such as visible mold, water damage,

or condensation (3). Among 100 randomly selected
public and commercial office buildings in the US, 85%
face water damage and leakage problems (4). Malaysia,
which encounters high humidity and heavy monsoon
rainfall, is vulnerable to indoor dampness (5). This
tropical climate increases the moisture load on buildings.
The severity increases due to inadequate construction
details, poor ventilation, and waterproofing, which
allow this moisture to infiltrate the walls, ceilings, and
HVAC unit, resulting in chronic surface dampness and
conditions suitable for fungus proliferation (3). Moreover,
building with high-intensity and aging infrastructure,
which is often occupied for extended periods by large
numbers of users, has become a major contributor (1).
Damp environments foster mold growth (6). Mold refers
to a large group of fungi that cause a cottony growth
on organic substances, and the most common indoor

22 Mal J Med Health Sci 22(SUPP8): 22-30, August 2026



molds are Cladosporium, Penicillium, and Aspergillus
(7). Mold existence is known to have a negative impact
and worsen people's health (6). A study revealed that
living in mold environments increases the risk of asthma
up to 53% (8), supported by a 2025 study with a greater
risk of 75% (9). The high prevalence of neurological
effects such as fatigue, cognitive impairment, muscle
discomfort, and irritability is parallel to the neurotoxic
and systemic symptom clusters reported in SBS (7).

Sick building syndrome (SBS) is a condition that affects
the health of building occupants and is linked to the time
spent in the building (2). The development of SBS can be
considered when 20% of building occupants experience
persistent symptoms within 2 weeks, and the prevalence
rates range from 4 to 88% (10). Headache, mental fatigue,
mucosal and skin irritation, and respiratory disorder are
the common symptoms of SBS (11). In Malaysia, the
Department of Occupational Safety and Health (DOSH)
has established the Industry Code of Practice on Indoor
Air Quality in 2010 and the Guidelines on Control of
Molds Contamination and Remediation in 2019 (12).
This code is widely used in local publications as a key
reference for preliminary IAQ assessments and provides
minimum standards for various indoor parameters,
including biological contaminants such as fungi (2,12).
The existing guidelines emphasize the importance of
controlling indoor air contaminants and monitoring
fungal levels, which inherently involves addressing
dampness as a precursor to mold growth (5). In 2018,
the NIOSH CDC established the Dampness and Mold
Assessment Table (DMAT) checklist. This tool provides
a structured approach for identifying visible mold,
dampness, and related damage in indoor environments.
The approach aligned with DOSH’s national standards
concerning maintaining healthy indoor air quality
in workplaces and public buildings. The checklist
supports compliance with DOSH requirements by
providing quantifiable and reproducible documentation
of indoor environmental quality, which is essential for
regulatory reporting and intervention planning (1,13).
The application of DMAT in Malaysia demonstrates
its practical application with national guidelines and
reinforces the importance of integrating international
assessment tools with local regulatory frameworks (13).
This study aims to examine the relationship between
indoor dampness, visible mold (measured by DMAT
components), and SBS symptoms among university
workers, and to compare environmental scores and SBS
profiles between the two campus buildings to determine
whether  building-specific characteristics influence
observed associations. The assessment conducted by
the integration of field assessments and occupant health
symptom surveys offers a comprehensive evaluation of
environmental and health parameters that are crucial for
managing indoor air quality in educational institutions.

MATERIALS AND METHODS

Study Design and Location

A cross-sectional study using a semi-quantitative design
was performed in two higher education buildings in
Kuala Lumpur. Buildings were selected purposively
due to high occupancy, accessible facilities records,
and prior maintenance logs indicating moisture
issues. The campuses (Campus A and Campus B) are
overseen by the same facilities management authority
(private university institution). Data was gathered at
Campus A (Main Campus), which consists of 37 rooms
spread across four stories (Ground, Levels 1-3), and
Campus B (City Campus), which has 12 rooms spread
across several floors at certain levels. A total of 49
rooms are accommodated. Access for inspection and
survey distribution was made easier by the fact that
both buildings are run by the university's Facilities &
Maintenance Department.

Population and Sample Size

All staff members (academic and non-academic),
aged more than 18 years who are employed for more
than 6 months, regularly working on-site, and who
provided informed consent were included in this study.
Temporary staff, contractors, visitors, staff employed for
less than 6 months, and respondents with incomplete
questionnaires (more than 20% missing key items)
were excluded. Based on the sample size, a minimum
of 151 participants (95% confidence level) is required
(14). Given the institutional population and anticipated
response rate, 250 questionnaires were distributed; 200
were returned, and 186 met the inclusion criteria and
were analysed, resulting in a response rate of 79%. Out
of the 186 participants, 128 (69%) were from Campus
A, and another 58 (31%) were from Campus B. All
participants were recruited through email invitation.
Paper questionnaires were distributed by department
and personnel after obtaining institutional permission.

Data Collection

DMAT Checklist

The Dampness and Mold Assessment Tool (DMAT)
checklist, developed by the National Institute of
Occupational Safety and Health (NIOSH) and the
Centers for Disease Control and Prevention (CDC) in
2018, was used to quantify the level of dampness and
mold within the buildings. It provides a systematic
method for assessing indoor environmental conditions
based on a scoring system. This checklist is a validated
instrument designed to rate dampness-related damage
across building components, including visible mold,
water stains, dampness, mold odour, and material
deterioration. The tool assigns numerical scores based
on severity, enabling standardized comparison between
spaces and facilitating quantitative analysis (15).

A walk-through inspection across the indoor areas
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is required. Each room was evaluated for predefined
indicators such as: (i) visible mold growth, (ii) water
damage or stains, (iii) wet materials, and (iv) presence
of mold-related odour. A score between O (none) to 3
(severe) was assigned for each indicator, following the
operational definitions and scoring rubric established
by NIOSH (16). The assessment covered floors,
walls, ceilings, windows, HVAC components, and
furnishings to ensure comprehensive environmental
characterization.

To enhance consistency, a photographic documentation
is used as supporting evidence. DMAT scores were then
aggregated to generate an overall dampness and mold
burden index for each location. These quantitative
scores were subsequently used to examine associations
with occupant-reported symptoms. DMAT has been
widely used in epidemiological research to characterize
dampness and mold exposure, and its application aligns
with international best practices (13,15,16).

The DMAT checklist has been used in a Malaysian
research setting to assess mold and dampness in
university laboratories (13), directly referencing and
complementing the DOSH ICOP IAQ 2010 guidelines.
Both frameworks emphasize the identification and
remediation of visible mold, water damage, and
dampness as critical steps in protecting occupant health
and building integrity.

SBS Questionnaire

The survey questionnaire on Sick Building Syndrome
(SBS) derived from the Industrial Code of Practice
on Indoor Air Quality 2010 (12) and related studies
(2,11) was adapted and applied. The questionnaire
is used to assess the impact of indoor environments
on occupant health. The content is adopted as it has
been used, applied, and validated, and aligns with
biological parameters (mold) exposure (2,5,11). This
tool is effective in eliciting subjective experiences and
identifying patterns of symptoms among workers.

Instrumentation Integration (DMAT and SBS)

To enhance data collection and consistency, this
study integrates both methodological tools (DMAT
and a structured SBS survey questionnaire) into one
comprehensive survey. The selected DMAT content was
embedded under section B (workplace environmental
conditions) as structured observational items (one
row per component). The assessment is divided
into four main components: (i) damage or stains, (ii)
visible mold, (iii) dampness, and (iv) mold odor. Each
specific component is then evaluated into nine areas
covering the ceiling, walls, floor, windows, furnishings,
HVAC systems, supplies, materials, and pipes. The
measurement quantifies into 4 scoring system from (0)
none, (1) mild/less than or equal to the size of a sheet
of paper, (2) moderate/more than a sheet of paper
to the size of a standard door, and (3) strong/more

than the size of a standard door. It is a self-reported
questionnaire format with a closed-ended construct
consisting of sociodemographic (Section A), workplace
environmental inquiries or conditions (Section B),
and SBS symptom — past and present (Section C). The
symptom was measured for the last three months to
minimize recall bias. The questionnaire used categorical
frequency anchors: "No, never," "Yes, sometimes (2-3
times/month)," and "Yes, often (2-3 times/week)". To
ensure accuracy, the returned forms were reviewed for
completeness, and results from the second workplace
observation and inspection by the researcher were
compared. This dual-method approach implementation
aligns with the recommendations of the WHO and
NIOSH, which emphasize the need to inspect physical
environments in conjunction with collecting symptom
reports to develop targeted mitigation strategies (9,15).
This approach establishes a methodological niche by
bridging the common disconnect between occupant-
reported symptoms and physical environmental data in
SBS research.

Instrument Validation

The integrated questionnaire (combines DMAT items
and SBS symptoms) was reviewed by three built-
environment experts (occupational hygienists, building
engineer, and environmental health practitioner) to
enhance clarity. Minor adjustment performed for local
terminology and comprehension correction.

Pilot and Reliability Test

A pilot test was conducted (n = 30) to ensure item
consistency, and the value is based on the general
flat rule of sample size estimation (14). The results
demonstrated an acceptable consistency (Cronbach’s a
= 0.731) for the overall scale.

Scoring

The component-specific scores were summed to create
a total score for each room. A total room for DMAT is
then computed by summing the total score with the mold
odour score. The factor-specific averages (damage/stain,
visible mold, wet/damp materials) were then computed
by averaging the relevant component totals. The total
average room score was the average of the three factor
scores, combined with the mold odour contribution.
These computations were then entered into SPSS for
analysis.

Statistical Analysis
All data were analysed using IBM SPSS Version 27.

The Prevalence of Dampness, Visible Mold, and SBS
Symptoms

Descriptive and Normality Test

The descriptive test was performed to calculate the mean,
frequency, and percentage of the socio-demographic
characteristics, the prevalence of dampness, visible
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mold, and SBS among participants. The normality of data
was assessed using Kolmogorov-Smirnov tests. It was
determined that the data were not normally distributed;
therefore, a non-parametric test was utilized for further
analysis.

The Association between DMAT and SBS Symptoms

Spearman Rank Correlation Coefficients

The Spearman rank correlation analysis was conducted
to examine the relationships among dampness and
mold indicators and SBS symptoms. Visible mold and
dampness variables were derived from questionnaire
responses (Section B). The environmental indicators
(visible mold, damp areas, damage or stain, and mold
odour) were initially recorded as dichotomous responses
(yes/no). These indicators were subsequently computed
into binary variables, where the presence of at least one
relevant indicator was coded as “1” and the absence
of all indicators was coded as “0”. The SBS symptoms
(Section C) were similarly dichotomised. Participants
were classified as “1” having SBS symptoms if they
reported at least one symptom occurring often, and “0”
for the absence of symptoms.

Binary Logistic Regression

Following the exploratory Spearman correlation
analysis, the binary logistic regression was performed
to evaluate the independent association between indoor
dampness, visible mold, and the presence of more than
one SBS symptom. An average DMAT score, treated
as a continuous predictor of primary exposure. The
occupied campus (Campus A and B) was included as a
covariate to account for potential differences in building
characteristics and occupancy context. Binary logistic
regression was selected as the outcome variable was
binary and the aim was to estimate odds ratios (ORs)
with 95% confidence intervals (Cls). A cut-off probability
of 0.50 was applied for classification, and statistical
significance was set at p < 0.05.

Comparative Building Analysis

A comparative analysis was performed to justify and
structure the comparison between campuses. The two
buildings differ in age, layout, floor usage patterns,
and maintenance history. These differences warranted
a building-level comparison of DMAT scores and SBS
symptom profiles. Both campuses differed in building
age: 15 years (Campus A) and 6 years (Campus B).
Campus A served more high-occupancy functions,
while Campus B operated with more distributed office
and teaching spaces. Rather than directly comparing
raw outcomes alone, the campus was incorporated
as a categorical independent variable in the statistical
analyses. The comparative analyses were performed
using the Mann-Whitney U test. The post-hoc pairwise
comparisons using Dunn’s test with Bonferroni correction
were applicable, and the effect size for Mann-Whitney
tests was reported as r = Z/AN and interpreted using

common benchmarks: weak ~ 0.1, moderate ~ 0.3, and
strong ~ 0.5. All tests were two-tailed with significance
set at p < 0.05.

RESULTS

Sociodemographic Characteristics and the Prevalence
of Dampness, Visible Mold, and SBS Symptoms

Atotal of 186 respondents were included in the analysis.
Most participants were aged 25-36 vyears (42.5%),
predominantly female (58.1%), had a master's degree
(41.9%), and were academic staff (58.6%). The majority
of the participants spent at least 7-8 hours a day in the
office, had worked for almost 1-5 years (62.4%), and
were non-smokers (88.2%). The work station is mostly a
shared basis (75.3%) and is accommodated by common
features of centralized air conditioning systems (94.6%).
Over two-thirds of participants reported workplace
dampness (67.7%), 80.1% reported visible mold, and
88.2% experienced at least one SBS symptom in the past
three months.

DMAT Scores Across Categories

Table I indicates a significant difference in DMAT scores
across categories among eight specific components.
The highest mean ranks for damage/stains were found
in furnishing (116.00) and air-conditioning systems
(116.00), while the lowest mean ranks were associated
with floor, windows, and pipes (23.00). For visible
mold, the air-conditioning systems showed the highest
mean rank (112.00), followed by more than one area
(98.83) and ceiling (94.29). The lowest mean ranks were
observed in the floor, windows, furnishing, and pipes
(19.00). Similarly, for wet/damp materials, a significant
difference was found across the areas, with the air
conditioning system (123.50) again showing the highest
mean ranks, more than one area (102.92), and walls
(87.73). In contrast, the lowest mean ranks (30.50) were
observed for the floor, windows, furnishing, and pipes.
Association between Dampness, Visible Mold, and SBS
Symptoms

Association Between Indoor Dampness Indicators and
SBS Symptoms

Table Il represents the Spearman rank correlation
coefficient between indoor dampness indicators and
SBS symptoms. Visible mold was moderately correlated
with dampness (p = 0.405, p < 0.01) and showed a
weak correlation with stain/damage (p = 0.222, p <
0.01) and mold odour (p = 0.152, p < 0.05). Dampness
also showed weak but significant correlations with
stain/damage (p = 0.228, p < 0.01) and mold odour (p
= 0.225, p < 0.01), indicating clustering of moisture-
related conditions within buildings. Among the
health outcomes, only stain/damage was significantly
associated with SBS symptoms (p = 0.221, p < 0.01).
No significant correlations were observed between SBS
symptoms and visible molds (p = 0.026), dampness (p =
-0.003), and mold odour (p = -0.022).
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Table I: DMAT Scores Across Categories and Specific Component.

Variable Specific component Mean  p-value H
rank value
Damage/ Ceiling 89.43 0.003*  21.406
Stains
Walls 73.08
Floor 23.00
Windows 23.00
Furnishings (table/desk, chair, 116.00
shelf, work area partition)
116.00
Air conditioning system 93.00
Pipes 101.19
More than one area
Visible Ceiling 94.29  0.002* 22.123
Mold
Walls 79.81
Floor 19.00
Windows 19.00
Furnishings (table/desk, chair, 19.00
shelf, work area partition)
112.00
Air conditioning system
19.00
Pipes
98.83
More than one area
Wet/Damp  Ceiling 77.00  0.004* 20.584
Walls 87.73
Floor 30.50
Windows 30.50

Furnishings (table/desk, chair, ~ 30.50
shelf, work area partition)

123.50
Air conditioning system

30.50
Pipes

102.92

More than one area

N = 186, Kruskal-Wallis test, * Significant at the p <0.05

Table II: Association between Dampness Indicator and SBS symptoms.

Variables Visible ~ Damp- Stain/ Mold SBS Symp-
Mold ness Damage Odour toms
(more than
> 1 symp-
tom)
Visible Mold 1.000 0.405** 0.222%* 0.152* 0.026
Dampness 0.405** 1.000 0.228** 0.225%* -.003
Stain/ Damage 0.222%%  0.228** 1.000 0.300%* 0.2271%**
Mold Odour 0.152*  0.225**  0.300** 1.000 0.022
SBS Symptoms
0.026 -0.003 0.2271** 0.022 1.000

(more than > 1
symptom)

N = 186, Spearman Correlation, **Significant at the 0.01 level.

Association Between Visible Mold and Specific SBS
Symptoms

Table 11l presents the association between visible mold
and specific SBS symptoms. Visible mold indicated
significant positive relationships with runny nose,
itching in the nose, repeated fever attacks (p < 0.01),
nasal congestion, and headache (p < 0.05). These
correlations, however, are weak, as indicated by the low
p values (ranging from 0.145 to 0.221). Other symptoms
showed no significant correlation with mold existence,
with p > 0.05 and low p values.

Table 11I: Association between visible mold and SBS symptoms.

SBS Symptoms p-value p -value
Runny nose 0.002 0.2271**
Itching in the nose 0.003 0.217**
Repeated fever attacks 0.006 0.202%*
::l;sséa)l congestion (blocked/stuffy 0.037 0153+
Headache 0.049 0.145%
Sneezing 0.056 0.140
Cough (productive with sputum) 0.094 0.123
Fatigue/lethargy 0.093 0.208
g:isitling or buzzing noise in the 0.832 0.016
Dry throat 0.727 0.026
Skin rash 0.762 0.022
Joint pain 0.456 0.055

Spearman Correlation, **Significant at the p <0.01, *Significant at the p <0.05

Independent Association Between Dampness, Mold
Indicators, and SBS Symptoms

The weak bivariate correlations observed highlight the
limitations of Spearman analysis in evaluating SBS,
a multifactorial outcome. Therefore, multivariable
logistic regression was employed to assess independent
associations between dampness and mold indicators
and SBS symptoms. Table IV showed the results of the
binary logistic regression model predicting the presence
of more than one SBS symptom. The average DMAT
score demonstrated a positive but non-significant
association with SBS symptoms (B = 0.340, p = 0.406)
with an odds ratio of 1.405 (95% Cl: 0.631-3.128). This
indicates that for each unit increase in DMAT score, the
odds of reporting more than one SBS symptom increased
by approximately 40%; however, this association did
not reach statistical significance. Similarly, an occupied
campus was not a significant predictor of SBS symptoms
(B=-0.641, p=0.171). Workers in Campus B had lower
odds of reporting more than one SBS symptom compared
with Campus A (OR = 0.527, 95% Cl: 0.211-1.318),
though this difference was not statistically significant.
The classification table indicated an overall prediction
accuracy of 88.2%; however, the model correctly
classified all participants with SBS symptoms but failed
to correctly classify participants without symptoms,
reflecting outcome imbalance in the sample.
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Table IV: Binary logistic regression analysis of factors associated with reporting more than one SBS symptom.

Variable B SE Wald X2 df p-value S(dé;l)swd OR (Ex- 95% CI for OR
Average  DMAT " 34 0.409 0.692 0.406 1.405 0.631-3.128
score

Occupied campus ~ -0.641 0.468 1.877 0.171 0.527 0.211-1.318
Constant 2.578 0.833 9.587 0.002 13.17 .

Cut-off value = 0.50; Overall classification accuracy = 88.2%.

Comparison of DMAT Scores Between Campuses
Figure 1 illustrate the comparison of composite DMAT
scores between campuses, highlighting differences in
the distribution and central tendency of dampness and
mold indicators across the two campus environments.
Campus A showed a higher median DMAT score
(median = 4; Q1 = 3, Q3 = 6) compared with Campus
B (median = 3; Q1 =1, Q3 = 4), indicating a greater
overall burden of dampness and mold indicators in
Campus A. In addition, the interquartile range was wider
for Campus A, reflecting greater variability in dampness
and mold conditions across buildings. Both campuses
exhibited similar minimum scores (min = 0), while the
maximum score was slightly higher in Campus A (max =
8) than in Campus B (max = 7).

10

Q3=6(75%)

02 =4 (50%)
03=4

Total Score DMAT

01 =3 (<25%) 023(50%)

Man=0
Testbor

Campus A Campus B

Occupied campus
Fig. 1: Boxplot Comparison of DMAT scores between Campus A and
Campus B
Consistent with the box-plot pattern, the Mann-Whitney
U test showed a higher mean rank for Campus A (mean
rank = 98.22) than for Campus B (mean rank = 83.09).
However, the result indicated that the difference was not
statistically significant, H (1) = 3.315, p = 0.069. This
suggests a tendency toward higher dampness and mold
scores in Campus A, although the observed difference
should be interpreted with caution.

Meanwhile, Table V indicates the results of specific
DMAT variables. Among the four variables, damage/
stains and visible mold show statistically significant
differences, with the mean rank being slightly higher in
Campus A (97.84 and 101.10) compared to Campus B
(83.93 and 76.72), with a significant value less than 0.05.
The findings demonstrate that visible mold and damage/
stains were substantially more common in Campus A,
with visible mold having a modest effect size (r = -0.30).
While mold odour and wet/damp condition show
no significant difference (p = 0.295 and 0.074) with
negligible effect size (r = -0.08 and -0.13). These results

highlight that visual indicators of dampness are more
consistently elevated in Campus A compared to Campus
B.

Table V: Specific DMAT variables between campuses.

Variable Building classification Mean p-value r-value
rank

Mold Campus A, Batu Muda 91.15 0.295 -0.08
Odour

Campus B, City Campus 98.69
Damage/ ~ Campus A, Batu Muda 97.84 0.028* -0.16
Stains

Campus B, City Campus 83.93
Visible Campus A, Batu Muda 101.10  <0.001* -0.30
Mold

Campus B, City Campus 76.72
Wet/Damp  Campus A, Batu Muda 97.34 0.074 -0.13

Campus B, City Campus 85.02

N = 128/58, Kruskal-Wallis test, * Significant at the p <0.05.

Comparison of SBS Symptoms Between Campuses
Table VI shows the comparison of SBS symptoms
between campuses. The symptoms differed significantly
in the prevalence of sneezing (U = 3080.0, Z = -2.093,
p = 0.036) and itching in the nose (U = 2803.0, Z =
-2.887, p = 0.004). These findings indicate a higher
symptom burden on one campus for the upper
respiratory symptoms. The remaining symptoms of nasal
congestion, eye irritation, cough (productive or dry),
dry throat, headache, fatigue, chest tightness, skin rash,
fever, flu-like symptoms, or joint pain (p > 0.05) have no
significant difference.

Table VI: Comparison of Sick Building Syndrome (SBS) Symptoms
between Occupied Campuses.

SBS symptom Mann-Whitney U 7 value p-value
Sneezing 3080.0 -2.093 0.036*
Itching in the nose 2803.0 -2.887 0.004**
Runny nose 3417.0 -0.953 0.341
Nasal congestion (blocked/ 32375 1528 0.127
stuffy nose)

Redness, itching and tearing of 3548.5 0.560 0.576
the eyes

Whistling or buzzing noise in 3576.0 0582 0.561
the chest

Productive cough with sputum ~ 3222.5 -1.636 0.102
Dry cough 3427.0 -1.015 0.310
Dry throat 3646.0 -0.214 0.830
Headache 3316.5 -1.265 0.206
Fatigue/lethargy 3138.5 -1.857 0.063
Chest tightness 3572.5 -0.584 0.559
Skin rash or eczema 3464.0 -1.002 0.316
Repeated fever attacks 3447.0 -1.159 0.246
Flu-like symptoms 3152.0 -1.829 0.067
Joint pain 3614.0 -0.327 0.744

N =128/58, Mann-Whitney U test, **significant at p<0.01, * significant at p<0.05
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DISCUSSION

The significant associations between variables
(dampness, visible mold, and SBS symptoms) reinforce
the importance of multifactorial assessment in indoor
environmental health investigations. This supports
the argument for integrated tools such as the DMAT
combined with SBS health surveys, which allow
researchers and facility managers to track environmental
risks and health complaints simultaneously (18).

DMAT Scores Across Categories

The location of environmental issues significantly
influences DMAT scores, with air conditioning
systems consistently linked to higher score outcomes
across all three categories, indicating their potential
role in influencing indoor environmental conditions.
This finding suggests that locations become priority
inspection areas for maintenance; however, the AC
systems' causal divers required further microbiological
and HVAC airflow assessment (1,3). The finding is
consistent with previous research demonstrating that
ventilation systems have a major impact on indoor
humidity and mold propagation (11). While causality
cannot be inferred, comparative patterns highlight
the importance of prioritizing remediation efforts by
building characteristics rather than institution-wide
generalizations (6).

Association Between Indoor Dampness Indicator and
SBS Symptoms

This study identified a weak to moderate association
between perceived indoor dampness, visible mold,
and SBS symptoms. The weak to moderate observed
correlation is typical in environmental health studies
where exposure responses are complex and mediated
by multiple pathways (10). The moderate correlation
between visible mold and dampness aligns with existing
evidence that prolonged moisture intrusion is a primary
determinant of mold growth in indoor environments
(3). The significant association between stain/damage
and SBS symptoms may reflect the impact of persistent
or historical moisture problems, which are not fully
captured by point-in-time observations of visible mold
or odour (5).

Association Between Visible Mold and Specific SBS
Symptoms

In terms of occupant health, the study found that
respiratory and nasal symptoms were the most commonly
reported indicators of SBS among workers. The observed
association is aligned with established evidence on
respiratory responses to mold and dampness (19). The
CDC notes that inhalation of mold spores can provoke
allergic and irritant reactions, including sneezing, nasal
stuffiness, and a runny nose, when exposed to damp
environments (6). The association is similar to other
findings that have observed links between exposure to
mold or damp buildings and headaches, likely mediated

through mucosal inflammation, immune responses,
or volatile organic compounds emitted from moldy
materials (7,16,17). Despite the significant association,
the overall weak correlation coefficients highlighted the
multifactorial nature of symptom complexes in indoor
environments, wherein mold may interact with other
physical, chemical, and psychosocial factors rather
than in isolation (18). The findings suggest that further
research with larger sample sizes may be needed to
explore these associations more thoroughly.

Independent Association Between Dampness, Mold
Indicators, and SBS Symptoms

The findings indicate a non-significant trend suggesting
that higher dampness and mold scores may be
associated with increased reporting of SBS symptoms,
although no statistically significant differences were
observed between campuses. The findings align with
other literature highlighting how specific environmental
variables can independently relate to health complaints
in indoor settings (13,17). This suggests a potential
exposure response trend that should be investigated
further using bigger samples or different modelling
methodologies, such as indicator-specific regression or
stratified analyses.

Comparison of DMAT Scores Between Campuses
Building age is a recognized determinant of indoor
environmental quality, as older buildings may
experience material degradation, moisture intrusion,
and cumulative maintenance issues. The comparison
between the two campus buildings revealed building-
specific patterns in moisture indicators and occupant
symptom reporting. Campus A showed higher mean
ranks for visible mold, damage/stains, design features,
or maintenance history may contribute to differential
risk profiles. The magnitude of the correlations in this
study is generally weak; this aligns with other field
studies where self-reported symptoms and visual
inspections produce modest associations (20). The
observed differences between Campus A and Campus B
provide insight into how structural features, ventilation
performance, building age, and occupancy density
may shape moisture patterns and SBS complaints. This
is consistent with emerging evidence indicating that
variations in building characteristics, including design
and age, can influence indoor air quality and occupant
health outcomes by altering pollutant accumulation, air
exchange, and thermal conditions; building construction
year and associated environmental parameters have
been shown to correlate with differences in SBS
symptom prevalence and indoor environmental quality
in residential and institutional settings (9,16).

Comparison of SBS Symptoms Between Campuses

The differences in sneezing and nasal itching in this
study suggest that upper respiratory mucosal symptoms
may be susceptible to localized indoor environmental
conditions. Such symptoms are among the most
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frequently reported manifestations of Sick Building
Syndrome (SBS) and are commonly linked to exposure
to indoor allergens, particulate matter, dampness, and
microbial contaminants (9). Previous studies have
shown that occupants of buildings with inadequate
ventilation, poor housekeeping, or moisture-related
problems are more likely to report nasal and ocular
symptoms compared with systemic complaints (7,8,19).
As a result, the current findings suggest that micro-
environmental differences between campuses, such
as ventilation effectiveness, dust accumulation, or
dampness-related exposures, may contribute to observed
symptom variation and warrant further investigation into
how building-level characteristics influence moisture
indicators and occupant experiences.

CONCLUSION

Indoor dampness and visible mold indicators were
associated with increased reporting of SBS symptoms
among university workers. The significant associations
among the three variables reinforce the importance
of multifactorial assessment in indoor environmental
health investigations. The integration supports root cause
analysis and detailed intervention of environmental
factors (such as wet HVAC, stained ceiling tiles,
deterioration of floor and walls), which enables targeted
mitigation strategies (3,12,15). Therefore, this study
highlights the effectiveness of the DMAT checklist in
evaluating indoor environmental quality, particularly in
settings where visible mold and dampness are prevalent.
Mitigation strategies should include regular building
inspections, prompt repair of water intrusion, improved
ventilation, and occupant reporting mechanisms to
reduce moisture-related risks. The interdependence of
these variables suggests that environmental monitoring
should not treat them in isolation. Thus, this integration
enables report consistency, avoids overgeneralization,
and supports finer-grained precision (16). Although the
combined use of DMAT, symptom questionnaires, and
statistical analyses offers a structured approach to indoor
exposure assessment, these methods primarily reflect
observable and self-reported conditions. Integration
with field-based environmental measurements and
microbiological assessments is therefore recommended
to improve exposure characterization and result
accuracy.
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