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v" The heat patch maintained core temperature and improved peripheral
circulation under cold exposure (p < 0.05).

v" Cold-induced cardiac stress was reduced, and thermal comfort was
significantly enhanced (p < 0.05).

v The patch provided stable and safe heating within 38—43°C for up to 12
hours.

v' Offers a flexible, safe, and effective warming solution for military
personnel in cold environments.

- Abstract: This study provides a scientific basis for applying portable heat
patches as auxiliary equipment to support military personnel during extreme cold
weather in Northern Vietnam. An experimental survey was conducted with 50
volunteer soldiers, divided into a control group (NC) and an experimental group
(TN), with no significant baseline differences in physiological indices (p > 0.05).
Survival indicators (core temperature (Tcore), finger temperature (Tfinger), heart
rate, blood pressure), subjective cold perception, and the heat retention capacity of
the patch were monitored. Statistical methods were used to compare group
differences and Pearson correlation analysis was conducted to examine the
relationships between variables. The heat patch effectively supported
thermoregulation, with Tcore in the TN group maintained 0.2—0.5°C higher than in
the NC group, and Tfinger increased by up to 2°C, indicating improved peripheral
circulation. The patch also reduced cold-induced increases in heart rate and
enhanced overall thermal comfort (p < 0.05). Its temperature remained stable within
the safe range of 38-43°C for up to 12 hours. Strong correlations were observed
between patch temperature and cold sensation scores (r = —0.620, p < 0.01), along
with moderate correlations with Tcore (r= 0.350, p < 0.01) and Tfinger (r =0.318, p
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< 0.01), confirming its warming effectiveness in cold environments. Overall, the
portable heat patch represents a practical, rapid-response warming solution suitable
for military personnel facing sudden severe cold during winter operations in
Northern Vietnam.

- Keywords: portable heat patch, military health, cold conditions, body
temperature, Northern Vietnam

1. INTRODUCTION

Cold environments pose a significant threat to human health and performance
during prolonged outdoor activities, especially in military operations. Cold stress can
substantially impair physical performance, cause thermal discomfort, and increase
the risk of local cold injuries (e.g., frostbite) as well as systemic hypothermia [1, 2].
Despite advancements in protective clothing and military gear for cold weather,
cold-related injuries remain a major concern when individuals are exposed to low
ambient temperatures. Military personnel are particularly vulnerable due to extended
outdoor exposure during training and missions. A report recorded over 2,700 cold-
weather-related injuries in the United States Armed Forces between 2012 and 2017
[3]. Field studies in Canada reported frostbite incidence rates as high as 21% during
military training under freezing conditions [4, 5]. During World War I, there were
115,000 cold injuries reported in just four months [6].

Notably, skin temperature in extremities can drop sharply even when core
body temperature is maintained, leading to a 23-28% decline in finger motor
performance [7]. Epidemiological data show increased risks of hypothermia,
frostbite, hospitalization, and mortality when temperatures drop below critical
thresholds, such as —15°C to —29°C [8]. For each 1°C decrease below a certain
threshold, mortality increases by 3.44% and hospitalization by 0.78%, especially
among the elderly and those with cardiovascular or respiratory conditions [9, 10].
Prolonged cold exposure can reduce muscle strength by approximately 4%, although
cognitive performance is less affected [7]. Survival in cold environments depends
mainly on ambient temperature and the insulating properties of clothing, whereas the
contribution of body heat generation is relatively minor [11].

In Northern Vietnam, a tropical monsoon region with relatively mild winters,
the average winter temperatures in mountainous areas typically range from 13 to
15°C. However, with climate change, recent years have seen increasingly extreme
weather events, with temperatures occasionally dropping below 0°C, especially in
high-altitude areas like Sa Pa and Mau Son, where frost (a rare phenomenon in
Vietnam) has been recorded [12]. Sudden cold spells in mountainous regions can
render conventional cold-weather responses inadequate, necessitating immediate
supplementary measures. In this context, compact, portable, and cost-effective
heating solutions are critically needed for military operations.

Recently, chemical heat patches have become popular as a supplemental heat
source. These patches consist of a mixture of heat-generating materials enclosed in
an air- and moisture-permeable inner pouch [13]. Heat is generated via an
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exothermic reaction when the inner pouch is removed from its packaging. These
devices provide localized warmth and can extend operational time in cold
environments, especially for vulnerable areas like the hands, feet, and lower back.
However, their performance in military field conditions, particularly in the
mountainous climate of Northern Vietnam, has not been thoroughly investigated.

Therefore, the aim of this study is to evaluate the physiological and functional
effectiveness of portable chemical heat patches in supporting thermoregulation and
operational performance among military personnel in cold environments in Northern
Vietnam. Specifically, the study aims to: (1) assess key survival indicators under
cold stress; (2) evaluate users’ subjective cold perception; and (3) determine the heat
retention efficiency and safety of the patch. The findings will assess the feasibility
and practical value of heat patches as an auxiliary protective measure during
unexpected cold weather events in the field.

2. MATERIALS AND METHODS
2.1. Portable heat patch

The portable heat patch was developed and manufactured by the Joint
Vietnam-Russia Tropical Science and Technology Research Center. The
patch consists of an air-permeable layer, a heat-generating layer, and an adhesive
layer. An air-permeable layer is made of PP non-woven material with an air
permeability of 150-300 mm/s to ensure adequate oxygen exposure to the reactive
mixture and to regulate the heating rate; meanwhile, the medical-grade acrylic
adhesive layer provides an adhesion strength of 13—17 N, allowing the patch to
remain securely attached to clothing for up to 10 hours. The heat-generating mixture
was optimized to ensure both safety and thermal efficiency. Specifically, it consisted
of 33% iron powder, 14% activated carbon, and other components such as active
salts, minerals, and water. The product is rectangular in shape, measuring 10 x 13
cm and weighing 32 grams. When heat patch was activated, typically by tearing the
packaging or exposing it to air, these components react with each other to generate
heat through the oxidation of iron powder [14, 15]. The core principle of the heat
patch is an exothermic reaction based on the redox process of metallic iron,
following the reaction: 4Fe + 302 — 2Fe:0s. Iron powder acts as the primary heat-
generating agent, as its oxidation is a highly exothermic reaction [13]. The patch can
be directly applied to the area requiring warmth, and the reaction begins
automatically upon air exposure. This process provides consistent and safe heat
output, effectively supporting thermal maintenance in low-temperature conditions
without the need for electricity or additional equipment.

2.2. Experimental design

The study was conducted at three border guard stations in Lang Son Province,
Vietnam, under ambient temperature conditions ranging from 2.8 to 8.2°C, wind
speeds of 15-21 km/h and relative humidity between 83.2% and 86.2%. Inclusion
criteria required participants to be male soldiers aged 20 - 50, free from acute illness,
presenting normal baseline physiological indicators, and voluntarily agreeing to
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participate. Exclusion criteria included any history of cardiovascular or respiratory
disease, skin allergies, fever, infection, musculoskeletal injury, the use of
medications affecting thermoregulation, or any inability or refusal to complete the
trial. A total of 50 active-duty male soldiers in stable health were recruited and then
clearly divided into two groups, with 20 participants assigned to the control group
(NC) and 30 participants assigned to the experimental group (TN), following
predefined inclusion and exclusion criteria. There were no statistically significant
differences in baseline survival indicators between the groups (p > 0.05, Table 1).
The control group (n = 20) did not use the portable heat patch and wore only the
standard winter field uniform of the Vietnam People’s Army. The experimental
group (n = 30) used the portable heat patches in addition to the standard uniform,
applying them at three locations: the chest, lower back, and front of the thighs
(Figure 1). Both groups followed an identical daily program of physical activities
and military training, including marching, weapon assembly/disassembly, simulated
first aid, tent setup, and continuous outdoor operations from 6:00 h to 18:00 h. Data
collection was carried out every four hours at 6:00 h, 10:00 h, 14:00 h, and 18:00 h
each day. Skin safety was monitored according to ISO 10993-23, focusing
specifically on skin irritation and sensitization, and any participant showing
abnormal symptoms was immediately withdrawn from the trial.

Figure 1. Field testing of the heat patch on military personnel

2.3. Methods for determining research indicators
2.3.1. Measurement of vital signs

Core body temperature (Tcore) was measured using the non-invasive
iThermonitor WT705 temperature sensor (Wexin Technology Co., Ltd., China),
which was attached under the left armpit and wirelessly connected to a handheld data
recorder. This device allowed for continuous monitoring of body temperature
throughout the day with an accuracy of £0.1°C. Data were extracted daily and stored
in spreadsheet format.

Skin temperature at the index finger of the dominant hand (Tfinger) was
measured using the Fluke 62 MAX handheld infrared thermometer (Fluke
Corporation, USA), with an accuracy of +1.0°C and a measurement range from
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—30°C to 500°C. Each measurement was performed three consecutive times at a
fixed distance of 3—5 cm, and the average value was recorded.

Table 1. Baseline differences in vital signs between experimental groups

Group Levene's Test for Equality of
Variances p value
Mean Std. Deviation
Ageinyears | NC (n=20) 35.13 11.02 0.403
TN (n=30) 37.75 10.03
Tcore, °C NC (n=20) 36.59 0.17 0.524
TN (n=30) 36.56 0.06
Tfinger, °C NC (n=20) 33.17 0.75 0.701
TN (n=30) 33.24 0.76
HR, bpm NC (n=20) 67.75 9.59 0.764
TN (n=30) 68.83 7.99
MAP, mmHg | NC (n=20) 88.17 7.66 0.810
TN (n=30) 87.80 7.41

Heart rate (bpm) and blood pressure (mmHg) were measured using the Omron
HEM-7120 automatic digital blood pressure monitor (Omron Healthcare, Japan).
Measurements were taken while the subject was seated at rest, after at least 10
minutes of no physical activity. Each subject underwent two measurements; if the
difference between them exceeded 10 units, a third measurement was taken, and the
average of the two closest values was used.

The mean arterial pressure (MAP) was calculated using the following formula:

]\4AP=SBP+§XDPB (1)

Where: MAP is the mean arterial pressure (mmHg); SBP (Systolic Blood
Pressure) refers to the systolic pressure (maximum blood pressure, mmHg); and DBP
(Diastolic Blood Pressure) refers to the diastolic pressure (minimum blood pressure,
mmHg).

2.3.2. Assessment of subjective cold sensation score

Cold Sensation Score (CSS) was evaluated using a 10-point scale, with clearly
defined descriptors for each level (Table 2). Each soldier was instructed to self-
record their cold sensation score at predefined time points throughout the day.
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Table 2. Subjective cold sensation rating scale

Score | Cold Sensation Description | Physical Expression Description
1 Very warm - completely | No feeling of cold, may sweat slightly
comfortable
2 Warm Body remains in a comfortable state
Slightly warm Feels comfortable but begins to notice a
slight drop in temperature
4 Neutral — neither cold nor | Not uncomfortable, but warmth is no
warm longer felt
5 Slightly cold Skin feels cool, no shivering, but
movement is needed to stay warm
6 Mildly cold Hands/feet start to feel numb, slight
shivering
7 Clearly cold Numb hands/feet, thermal assistance
needed
8 Very cold —  clearly | Constant shivering, reduced hand/foot
uncomfortable mobility
9 Near maximum tolerance | Numb extremities, loss of fine motor
level control
10 Unbearable — risk  of | Intense shivering or loss of sensation,
hypothermia urgent warming required

2.3.3. Measuring the surface temperature of the heat patch

The heat-retention capacity of the patch was determined by measuring its
surface temperature using a Fluke 62 MAX infrared thermometer (USA) at specific
times: 6:00 h (10 minutes after application), 10:00 h, 14:00 h, and 18:00 h. The
patches were applied to the chest, lower back, and front thigh, over a layer of
protective clothing. Each measurement was performed three consecutive times at a
distance of 5-8 cm, and the average value was recorded to minimize error. The
surface temperature value of the heat patch represents the average temperature
measured across the three positions. The recorded surface temperatures reflect the
heat generation and stability of the patch under outdoor cold field conditions.

2.4. Data analysis method

Data were collected and organized using Microsoft Excel 365 (Windows
version), while all advanced statistical analyses (Independent Samples T-Test and
Pearson correlation analysis) were performed using SPSS software (version 20,
Windows). The Independent Samples T-Test was applied to assess differences
between the two experimental groups, with statistical significance set at p < 0.05.
The Pearson correlation coefficient (r) was used to determine the strength and
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direction of the linear relationship between two variables, with values ranging from -
1 to 1. An r value of 1 represents a perfect positive linear relationship, while an r
value of -1 indicates a perfect negative linear relationship. An r value of 0 suggests
no linear correlation. The correlation strength was classified as follows: very weak
(0.00-0.10), weak (0.10-0.39), moderate (0.40-0.69), strong (0.70-0.89), and very
strong (0.90-1.00) [16]. The statistical significance of the correlation was determined
by the p-value, with p < 0.05 indicating a significant correlation.

3. RESULTS
3.1. Differences in vital signs

Exposure to cold conditions can negatively affect vital signs (Figure 2). The
use of heat patches demonstrated positive effects. During the experiment, the TN
group maintained a higher and more stable core body temperature, while the NC
group showed several values below 36.0°C, indicating mild hypothermia. This
difference persisted throughout the day, particularly at 10:00 h and 14:00 h, where
the TN group consistently had significantly higher core temperatures compared to
NC (p < 0.05). The heat patches improved core temperature maintenance by
supplying heat to central body areas (chest, abdomen, lower back), aiding
thermoregulation. This finding is consistent with Marrao et al. (2005), who reported
that maintaining core warmth supports normal function in prolonged cold exposure [7].

The study results indicated that the TN group also had significantly higher
fingertip skin temperatures compared to the NC group (p < 0.05). The differences were
especially marked at 10:00 h and 14:00 h, indicating better peripheral circulation in the
TN group. Many values in the NC group dropped below 30°C, a threshold associated
with reduced manual dexterity and increased frostbite risk. Peripheral skin temperature
was better maintained due to reduced peripheral vasoconstriction, a result of effective
core warming. This mechanism is supported by the CoWEDA physiological model,
which shows that warming the body core enhances peripheral blood flow and reduces
cold injury risk [17]. Additionally, Daanen (2003) affirmed that maintaining safe
peripheral skin temperature helps prevent cold-induced tissue damage [18].

Heart rate differences between the TN and NC groups highlighted the
cardiovascular impact of active warming. Between 10:00 h and 14:00 h, the TN
group had significantly lower heart rates than the NC group (p < 0.05). This reflects
a physiological adaptation: without external heat, the body must increase
sympathetic nervous activity to trigger vasoconstriction and generate endogenous
heat, leading to elevated heart rate [2, 19]. Conversely, the TN group benefited from
exogenous heat input, reducing cold stress response, stabilizing circulation, and
eliminating the need for compensatory heart rate elevation.

Mean arterial pressure remained within the normal range (approximately 85—
88 mmHg) for both groups. However, the TN group exhibited slightly lower MAP
values at 10:00 h, 14:00 h, and 18:00 h, indicating reduced peripheral vasoconstriction (a
beneficial effect), although the differences were not statistically significant (p > 0.05).
Ikdheimo et al. (2020) emphasized the influence of ambient temperature on blood
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pressure and cardiovascular risk among outdoor workers [ 10]. Other studies have shown
that reducing vasoconstriction through active warming can lessen cardiovascular strain
in cold environments [20]. These findings demonstrate that the heat patch not only
supports core temperature maintenance but also optimizes cardiovascular responses,
thereby reducing physiological burden in extreme cold conditions.
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Figure 2. Vital sign results of the two surveyed groups (NC: control group; TN:
experimental group)
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3.2. Subjective sensation evaluation

Survey results on cold perception levels showed that the group using the heat
patch (TN) consistently reported significantly lower cold sensations than the non-
using group (NC) at all time points during the day. At the lowest ambient
temperature, 6:00 h, the NC group recorded an average score of 6.16+0.42,
corresponding to a “mild cold” sensation with symptoms such as numb hands/feet
and slight shivering. In contrast, the TN group reported a much lower score of
3.80£0.49, indicating a “neutral — neither cold nor warm” sensation, reflecting
noticeable comfort even at the coldest time of day. By 10:00 AM, the difference
persisted, with the NC group averaging 4.76 +0.43 (slightly cold), while the TN
group scored 2.38 =0.49 (warm), confirming the patch’s ability to maintain comfort.
Similarly, at 14:00 h, the TN group continued to report lower cold sensation
(3.16 £0.51) compared to the NC group (4.28 £0.45). At 18:00 h, the TN group
reported an increased sensation score of 5.28 +£0.81 (slightly cold), indicating a
reduction in patch warming efficiency over time, but still lower than the NC group’s
score of 6.06+0.24. These results clearly show that the heat patch significantly
improves thermal comfort by reducing cold sensation from “mild cold” or “slightly
cold” to “neutral” or “warm,” and helps alleviate cold-related physiological
symptoms such as shivering and numbness in extremities. This supports the practical
utility of the patch in promoting thermoregulation and comfort in cold environments.
These findings are consistent with previous studies indicating that exogenous heat
sources improve thermal perception and reduce discomfort associated with cold
exposure [21]. Bauman et al. (1998) also reported that using warming devices with
a fixed surface temperature significantly enhances thermal sensation and user
comfort in cold environments [22]. Additionally, the heat patch did not cause any
discomfort or overheating sensations during use.
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Figure 3. Subjective cold sensation survey results (NC: control group; TN:
experimental group)
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3.3. Heat retention efficiency and safety of the heat patch

Throughout the testing period from 6:00 h to 18:00 h, the surface temperature
of the heat patch (Thp) showed a gradual decline, accurately reflecting the heat
generation mechanism of iron powder upon exposure to air. Specifically, at 6:00 h,
the heat patch reached its peak average temperature of 42.98 + 0.58°C and remained
stable at 42.90 +0.22°C up to 10:00 h, indicating that the oxidation reaction was
highly active and efficient during the initial usage phase. This observation aligns
with findings from Klarzak et al. (2018), which demonstrated that the oxidation of
iron powder can generate temperatures up to 45°C before gradually declining [13].
After 10:00 h, the patch temperature began to decrease significantly, reaching
40.85+0.79°C at 14:00 h and dropping to its lowest point of 38.96 +0.73°C by
18:00 h. Despite the downward trend, the temperature consistently remained within
the safe range of 38-43°C, which is considered safe for direct skin contact and
conforms to ASTM C1055-20 standards for burn thresholds [23]. Langer et al.
(2017) reported that skin exposure to temperatures below 44°C is generally safe for
prolonged contact [24]. These results indicate that the heat patch not only
demonstrates a strong heat-generating effect but also maintains effective thermal
retention for up to 12 hours. This makes it suitable for use in cold environments to
help prevent hypothermia.
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Figure 4. Surface temperature of the heat patch during the testing period

The results of the Pearson correlation analysis showed that Thp had a strong
negative correlation with CSS (r = -0.620, p < 0.01), indicating that as the surface
temperature of the patch increased, users experienced a significant decrease in cold
sensation. Conversely, Thp was positively correlated with Tcore (r = 0.350, p <
0.01) and Tfinger (r = 0.318, p < 0.01), suggesting that the heat generated by the
patch contributed to maintaining both core and peripheral body temperatures,
thereby limiting vasoconstriction and heat loss in the extremities. In contrast, Thp
showed no significant correlation with heart rate (p > 0.05), indicating that use of the
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heat patch did not noticeably affect heart rate. This implies that exogenous heat helps
reduce cold stress and stabilize cardiovascular responses without overstimulation.
Additionally, Thp showed a slight positive correlation with MAP (r = 0.168, p <
0.05), possibly due to localized peripheral vasodilation without significantly
impacting systemic blood pressure. Importantly, no participants reported any signs
of skin irritation or sensitization during or after the trial, further confirming that the heat
patch is safe to use.

Table 3. Pearson correlation analysis results

Thp Tcore CSS Tfinger HR MAP
Thp Pearson 1 0.350** | -0.620™ 0.318"™ -0.034 | 0.168"
Correlation
Sig. (2- 0.000 0.000 0.000 0.632 0.018
tailed)
Tcore Pearson | 0.350%* 1 -0.324™ | 0486 0.055 0.138
Correlation
Sig. (2- 0.000 0.000 0.000 0.440 0.051
tailed)
CSS Pearson -0.620" | -0.324™ 1 -0.665™ 0.022 -0.089
Correlation
Sig. (2- 0.000 0.000 0.000 0.761 0.211
tailed)
Tfinger | Pearson 0.318" | 0.486™ | -0.665 1 0.027 | 0.072
Correlation
Sig. (2- 0.000 0.000 0.000 0.706 0.308
tailed)
HR Pearson -0.034 0.055 0.022 0.027 1 0.002
Correlation
Sig. (2- 0.632 0.440 0.761 0.706 0.973
tailed)
MAP Pearson 0.168" 0.138 -0.089 0.072 0.002 1
Correlation
Sig. (2- 0.018 0.051 0.211 0.308 0.973
tailed)
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Journal and Tropical Science and Engineering, Vol. 1, Issue 1, March 2026 12



Scientific and Technological Research

4. DISCUSSION

Vietnam is a tropical monsoon country where winters are generally mild, with
cold periods that are short, irregular, and heavily influenced by monsoon patterns. In
contrast, countries such as those in Northern Europe, North America, or Northeast Asia
routinely face prolonged freezing weather, snowfall, strong winds, and sustained
subzero temperatures, requiring their military forces to be equipped with thick
multilayered clothing, insulated boots, electrically heated garments, and high-capacity
thermal gear. However, recent climate changes have brought sudden cold waves, with
temperatures occasionally dropping below 0°C, posing serious health risks, especially
for northern Vietnam border patrol forces who must operate outdoors for extended
periods. In this context, enhancing cold-weather protection poses challenges due to
limited budgets and the infrequency of extreme cold events, which makes it inefficient
to permanently issue bulky cold-weather gear. The use of portable chemical heat patches
presents a practical interim solution, compact, low-cost, and capable of rapid
deployment in response to sudden temperature drops. The findings of this study clearly
demonstrate the effectiveness of these heat patches in maintaining thermal balance for
over 8 hours, significantly reducing cold sensation and helping to stabilize key
physiological parameters such as core and peripheral temperatures. The heat patch
works by delivering direct warmth to central body regions, helping maintain a stable
core temperature and reducing cold-induced vasoconstriction, thereby improving
peripheral circulation and maintaining warmer skin. When the core is warmed,
sympathetic activation decreases, limiting heart-rate elevation and reducing the need for
endogenous heat production, which stabilizes hemodynamics and lowers physiological
strain in cold environments [2, 19]. These results are especially important for field units
that operate in remote or mountainous areas where other heating equipment may not be
feasible. Moreover, the strong negative correlation between patch temperature and
subjective cold sensation, and the positive correlation with both Tcore and Tfinger,
confirm that the heat patch directly contributes to improving thermal comfort and
physiological stability in cold conditions. Importantly, the patch did not significantly
affect heart rate or mean arterial pressure, reinforcing its safety for extended use without
causing cardiovascular strain. These findings are largely consistent with previous
research. For example, Knecht et al. (2016) reported that wearable thermal-management
systems significantly improve thermal comfort [25]. Likewise, [rzmanska et al. (2020)
indicated that iron-powder-based warming devices can enhance hand dexterity and
maintain thermal comfort [15]. In addition, the use of skin-applied thermal patches can
promote blood circulation and reduce pain [26]. Taken together, the portable chemical
heat patch offers a viable, efficient, and scalable solution for military personnel
operating in unpredictable and harsh cold environments, especially in countries like
Vietnam where extreme winter weather is episodic rather than constant. Integrating such
devices into cold-weather readiness protocols could enhance operational endurance,
reduce cold-related injuries, and improve overall troop morale in the field.

Although the study provides promising evidence regarding the applicability
and safety of the heat patch, several potential limitations should be acknowledged.
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Because the study was conducted under natural field conditions, ambient
temperature, wind speed, and humidity fluctuated throughout the observation period,
limiting environmental control and potentially influencing thermal and
cardiovascular responses. The participant cohort consisted exclusively of healthy
male soldiers aged 20-50, which restricts external validity and limits the
generalizability of the findings to other demographic groups. Moreover, the study
evaluated physiological responses only within a 24-hour period, without assessing
longer-term or cumulative effects of repeated heat-patch use or the possibility of
delayed skin irritation or sensitization. The results may also have been influenced by
uncontrolled confounders, including inter-individual differences in body fat
percentage, habitual physical activity levels, and diet-related thermogenesis, all of
which affect cold tolerance and metabolic heat production. Additionally, the cold
sensation score relies on subjective perception, which may introduce variability
despite standardized instructions. Overall, future research conducted under
controlled climatic conditions, with more diverse participant populations and longer
follow-up durations, will be necessary to validate and extend these findings.

5. CONCLUSION

This study demonstrates that the use of heat patches under cold conditions has a
significant positive effect on improving vital signs, enhancing thermal sensation, and
ensuring physiological safety for users. Specifically, TN group maintained higher core
body and peripheral skin temperatures compared to NC group, thereby reducing the risk
of hypothermia and frostbite. The TN group also exhibited lower heart rates, reflecting
more stable circulation and a reduced cold stress response, although MAP did not show
a statistically significant difference. Furthermore, cold sensation was significantly
improved in the TN group, contributing to greater comfort and reducing cold-related
symptoms such as shivering and extremity numbness. In terms of heat retention, the
patch maintained a safe and stable surface temperature within the range of 38—43°C for
up to 12 hours, aligning with skin contact safety standards and posing no risk of burns.
The correlations between patch surface temperature and physiological indicators, such
as core temperature, peripheral skin temperature, and cold sensation, further confirm the
product's safety and effectiveness. Overall, the portable chemical heat patch is a practical
and effective method for supporting thermoregulation, reducing physiological strain, and
enhancing comfort in cold environments. Future studies may focus on optimizing heat
patch formulation, evaluating long-term field performance across different climatic
regions, and integrating heat patches into broader cold-weather protection strategies for
military and civilian applications.
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