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Abstract: This study investigates the impact of environmental factors on intradialytic blood pressure in hemodial-
ysis patients, using a four-year retrospective analysis. Employing a Generalized Estimating Equation (GEE) model,
we examined the associations between clinical variables, meteorological conditions (temperature, humidity,
wind speed, and precipitation), and blood pressure outcomes, including systolic blood pressure (SBP) and mean
arterial pressure. Our results reveal that higher temperatures, increased humidity, and stronger wind speeds
are significantly associated with lower SBP and mean arterial pressure. In contrast, higher daily precipitation
correlates with elevated mean arterial pressure. Among clinical factors, erythropoiesis-stimulating agent (ESA)
dosage shows a positive association with both SBP and mean arterial pressure while a history of intradialytic
hypotension and increased interdialytic weight gain are negatively correlated. Additionally, serum potassium
levels were inversely related to SBP and mean arterial pressure. These findings highlight the importance of
incorporating environmental variables into predictive models for intradialytic blood pressure management. We
propose tailored interventions, such as weather-adapted fluid management strategies, personalized treatment
plans, and patient education, to mitigate potential adverse effects. This study provides a foundation for enhancing
patient-centered care and improving the quality of life for hemodialysis patients amid global climate changes.

Keywords: hemodialysis; chronic kidney disease; intradialytic blood pressure; weather

1. Introduction

As global climate change intensifies, the impact of environmental factors on health has become a
crucial research direction in the medical field. The increasing frequency of extreme weather events may
significantly affect vulnerable groups, such as hemodialysis patients. Therefore, studying the influence
of environmental factors on these patients has both immediate clinical significance and long-term
public health value.

Recent studies have identified potential links between various environmental conditions and
cardiovascular events, hospitalization rates, and mortality [1-4]. Environmental temperature changes,
in particular, have been found to significantly affect blood pressure and alter the hemodynamics of
peripheral and aortic vessels [5,6]. This influence extends beyond temperature, with variations in
sunlight duration potentially associated with blood pressure fluctuations [7]. These findings reveal the
profound impact of environmental factors on human physiology and open new avenues for further
research.

Environmental factors may influence the body through various physiological mechanisms, in-
cluding activation of the sympathetic nervous system and promotion of hormone release, such as
arginine vasopressin, norepinephrine, epinephrine, and angiotensin II [3]. These complex physiological
responses can lead to changes in endothelial function, affecting vasoconstriction and blood pressure
regulation [8]. Notably, these responses may vary among individuals, especially in populations with
chronic diseases, such as hemodialysis patients. The effects of environmental factors may be more
pronounced in these patients due to their compromised cardiovascular system and fluid balance
regulation mechanisms [9].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In the context of hemodialysis, blood pressure management is crucial. Studies show that blood
pressure levels during dialysis, not just daily averages, are closely related to cardiovascular mortality
and morbidity in patients [9-12]. Furthermore, blood pressure fluctuations during dialysis have been
associated with increased risks of hospitalization and death [13,14]. These findings highlight the
importance of understanding the various factors affecting blood pressure in dialysis patients and raise
an important question: Can we improve patient outcomes by better understanding and managing
these influencing factors?

The effects of environmental temperature on blood pressure are multifaceted. Cold weather can
cause peripheral vasoconstriction, leading to increased blood pressure, while high temperatures can
cause vasodilation, potentially lowering blood pressure [15,16]. These reactions may be more complex
in hemodialysis patients, who may be more sensitive to temperature changes due to their altered
cardiovascular physiology and fluid balance regulation mechanisms [7]. However, the current research
on how seasonal and specific meteorological changes affect hemodialysis patients remains limited,
warranting further exploration.

In addition to temperature, other meteorological factors such as humidity, atmospheric pressure,
and wind speed may also influence blood pressure [17]. These factors may interact in complex ways,
impacting patients” physiological states. For example, high humidity can exacerbate the effects of
high temperatures on blood pressure, while changes in atmospheric pressure may be associated with
the incidence of cardiovascular events [1]. Understanding these complex relationships requires more
in-depth research.

Given the current state of research, this study aims to explore the potential associations between
weather-related data and intradialytic blood pressure in dialysis patients. We aim to provide new
scientific insights that could inform clinical practice by investigating these relationships. For example,
if certain meteorological conditions are linked to blood pressure fluctuations, medical teams may
adjust treatment plans in advance based on weather forecasts, potentially improving blood pressure
control in hemodialysis patients.

2. Materials and Methods

Study Design and Population

This retrospective and longitudinal cohort study was conducted at a hospital in a subtropical
region. Clinical data was gathered from a hemodialysis unit at a typical general hospital. The unit
conducted 2,000-2,500 monthly hemodialysis sessions during the study period. Adult patients (age >
18 years) with end-stage renal disease who underwent chronic hemodialysis between January 2016
and December 2020 were included. Due to the outbreak of Coronavirus disease 2019 (COVID-19) in
January 2021, data collection was suspended after this date( due to outbreak of COVID19). Patients
with a dialysis vintage of less than three months or over 90 years old were excluded from the study.

Data Acquirement

The data for this study was extracted from the Hospital Information System. The data were
extracted and stored in the warehouse behind the firewall after being encoded for data privacy
protection. These variables included demographic details, medical history, laboratory results, and
medication profiles. The demographic data comprised age, gender, and medical conditions. Laboratory
parameters included hemoglobin, potassium, sodium, calcium, phosphate, and albumin levels. Data
from individual hemodialysis sessions encompassed metrics such as interdialysis weight gain, history
of intradialytic hypotension, predetermined target body weight, and intradialytic blood pressure
measurements.

The meteorological data for this study was sourced from the Central Weather Bureau'’s official
archives, which included hourly records of atmospheric pressure, ambient temperature, relative
humidity, wind speed, and precipitation. Initially, hourly data was averaged, with precipitation
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summed to obtain daily values. Before linking to each dialysis session, the average weather data from
the seven days preceding the dialysis day was calculated.

Outcome Variables

The primary outcome variables of this study were the average intradialytic systolic blood pressure
(SBP), the difference between the maximum and minimum SBP (referred to as the SBP difference),
and the average mean arterial pressure. The average SBP was calculated as the mean of multiple SBP
measurements taken during dialysis. The SBP difference was subtracting the minimum SBP from
the maximum SBP. The average mean arterial pressure was derived from the mean of multiple mean
arterial pressure measurements.

Statistical Analysis

The analysis was conducted using STATA software. Linear regression and Generalized Estima-
tion Equations (GEE) were used for statistical analysis. A p-value threshold of 0.05 was treated as
significance.

Hypothesis

The initial hypothesis posited that meteorological variables autonomously impact intradialytic
blood pressure, indicating a potential inherent correlation between these external environmental
factors and patient-specific clinical outcomes.

3. Results

Demographic, Clinical, and Meteorological Characteristics

In this cohort, 224 patients met the inclusion criteria and were subsequently subjected to detailed
analysis. The demographic and clinical attributes can be found in Table 1. The cohort’s mean age was
67.84, with a standard deviation of 11.04. Most participants were male, constituting 63.3% (n=143) of
the total sample. A significant proportion of the study population, 88.8% (n=199), had been diagnosed
with diabetes mellitus. Hypertension was prevalent in 83.9% (n=188) of the patients. Additionally,
dyslipidemia was identified in 60.2% (n=135) of the cohort.

Table 1. Demographic, Clinical, and Meteorological Characteristics of Hemodialysis Patients

Variables Description Statistics
Age 67.84 £11.04
Male 143(63.3%)
Hypothyroidism 19(8.4%)
Diabetes Mellitus 199(88.8%)
Hypertension 188(83.9%)
Peripheral Obstructive artery disease 6(2.6%)
Coronary artery disease 31(13.8%)
Stroke 22(9.8%)
Dyslipidemia 135(60.2%)
Mean of daily atmosphere pressure 1011.49 4-5.49
Mean of daily temperature 247 +4.51
Mean of daily humidity 79.73+£6.8
Mean of daily wind speed 21+0.81
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Table 1. Cont.

Daily precipitation  5.35 + 23.08

Age: Average age of the patients with standard deviation. Male: Number and percentage of male patients. Diseases
(e.g., Hypothyroidism, Diabetes Mellitus, etc.): Number and percentage of patients diagnosed with the disease.
Meteorological Variables (e.g., Mean of a daily atmosphere pressure, Mean of daily temperature, etc.): Average daily
values with standard deviation.

Further examination of the cohort’s medical history revealed the presence of several comorbidities.
Specifically, coronary artery disease was diagnosed in 13.8% (n=31) of the patients, hypothyroidism in
8.4% (n=19), a prior incidence of stroke in 9.8% (n=22), and peripheral obstructive artery disease was
observed in a smaller fraction, 2.6% (n=6), of the participants.

Meteorological Variables

The time series plots (Figure 1) illustrate the variations in atmospheric pressure, temperature,
humidity, wind speed, and precipitation over the study period. Atmospheric pressure and temperature
exhibit seasonal fluctuations, with temperature variations centered around a mean of 17.5°C. Humidity
levels display considerable dispersion, with fluctuations showing less pronounced seasonal differences
than pressure and temperature. Wind speeds predominantly remain below four m/s, indicating gener-
ally calm weather conditions. Precipitation demonstrates a highly skewed distribution characterized
by distinct intermittent patterns. The time series graphs clearly show that the temporal distributions
of wind speed and precipitation align with those of temperature and atmospheric pressure.

&

Day

Figure 1. Time series plots of atmospheric pressure, temperature, humidity, wind speed, and precipita-
tion showing seasonal fluctuations and patterns.
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The correlation matrix (Figure 2) reveals the relationships among the studied variables. Atmo-
spheric pressure exhibits a weak negative correlation with temperature and humidity. Temperature
demonstrates a robust inverse relationship with atmospheric pressure and wind speed, with higher
temperatures typically corresponding to lower atmospheric pressure and wind speeds. Humidity
shows a positive correlation with precipitation and a slight negative correlation with temperature.

Associations

[Only including dataset "DataFrame’]

= Squares are categorical associations (uncertainty coefficient & correlation ratio) from 0 to 1. The uncertainty coefficient is assymmetrical, (i.e. ROW LABEL
values indicate how much they PROVIDE INFORMATION to each LABEL at the TOP).

« Circles are the symmetrical numerical correlations (Pearson's) from -1 to 1. The trivial diagonal is intentionally left blank for clarity.
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Figure 2. Correlation matrix showing relationships among atmospheric pressure, temperature, humid-
ity, wind speed, and precipitation.

Associations Between Clinical and Meteorological Factors with Mean Systolic Pressure

The Generalized Estimating Equation (GEE) analysis examining the associations between clinical
and meteorological factors and average systolic blood pressure (SBP) in hemodialysis patients is
summarized in Table 2. Age, gender, and diabetes showed no significant associations with SBP
(Coefficients = -0.141, 0.449, and 1.033; P-values = 0.193, 0.859, and 0.765, respectively). Hypertension
exhibited a positive but non-significant association (Coefficient = 5.478, P = 0.073).

Table 2. Associations Between Clinical and Meteorological Factors with Mean Systolic Pressure in
Hemodialysis Patients: A Generalized Estimating Equation Analysis

Mean of Systolic Pressure  Coefficient std. err. P value 95% conf interval

Age -0.141 0.109 0.193  -0.354 0.072
Male 0.449 2.529 0.859  -4.507 5.405
Diabetes 1.033 3.462 0.765  -5.752 7.817
Hypertension 5.478 3.052 0.073 -0.503 11.459

Coronary artery disease -2.646 2.629 0314  -7.799 2.506



https://doi.org/10.20944/preprints202410.0620.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2024 d0i:10.20944/preprints202410.0620.v1

6 of 14

Table 2. Cont.

Mean of Systolic Pressure Coefficient std.err. Pvalue 95% conf interval
Stroke -1.271 3.329 0.703 -7.796 5.253
Peripheral Obstructive artery disease -1.171 7.186 0.871 -15.256 12913
Dyslipidemia 4.139 2.051 0.044 * 0.119 8.158
ESA dosage 5.049 1.876 0.007 * 1.371 8.727
Vintage of Intradialytic hypotension -14.827 4216 <0.001* -23.091  -6.563
Interdialytic weight gain -2.526 0426  <0.001* -3.360 -1.691
Target Body weight 0.199 0.143 0.163 -0.081 0.480
Hemoglobin -2.118 0472  <0.001* -3.043 -1.193
Serum Albumin -2.295 2.498 0.358 -7.192 2.601
Serum Sodium -0.199 0.180 0.271 -0.552 0.155
Serum Potassium -2.970 1.071 0.006 * -5.069 -0.870
Serum total Calcium -0.127 0.767 0.869 -1.630 1.377
Serum phosphate -1.150 0.427 0.007 * -1.986 -0.314
Mean of atmosphere Pressure -0.036 0.042 0.394 -0.119 0.047
Mean of Temperature -0.206 0.059 <0.001*  -0.321 -0.091
Mean of Humidity -0.044 0.018 0.011*  -0.079 -0.010
Mean of Wind Speed -0.363 0.118 0.002*  -0.594 -0.133
Daily Precipitation 0.015 0.003  <0.001*  0.008 0.022

p-value <0.05 was defined as significant.

Among clinical factors, dyslipidemia showed a significant positive association with SBP (Co-
efficient = 4.139, P = 0.044). Erythropoiesis-stimulating agent (ESA) dosage also had a significant
positive correlation (Coefficient = 5.049, P = 0.007). A history of intradialytic hypotension showed a
strong negative association (Coefficient = -14.827, P < 0.001). Interdialytic weight gain was significantly
negatively correlated with SBP (Coefficient = -2.526, P < 0.001). Hemoglobin levels had a significant
negative association (Coefficient = -2.118, P < 0.001), as did serum potassium (Coefficient =-2.970, P =
0.006) and serum phosphate (Coefficient = -1.150, P = 0.007). In contrast, target body weight, serum
albumin, serum sodium, and serum total calcium were not significantly associated with SBP.

Regarding meteorological factors, mean temperature had a significant inverse association with
SBP (Coefficient = -0.206, P < 0.001). Mean wind speed also demonstrated a significant negative
correlation (Coefficient = -0.363, P = 0.002). Mean humidity was negatively correlated with SBP
(Coefficient = -0.044, P = 0.011). Additionally, daily precipitation was positively associated with SBP
(Coefficient = 0.015, P < 0.001).

Associations Between Clinical and Meteorological Factors with Difference in Intradialytic Systolic Pressure

The Generalized Estimating Equation (GEE) analysis for associations between clinical and me-
teorological factors and the difference in intradialytic systolic pressure is summarized in Table 3.
Age, gender, coronary artery disease, and peripheral obstructive artery disease showed no significant
correlation (Coefficients = -0.088, 0.144, -1.503, and -2.544; P-values = 0.412, 0.950, 0.469, and 0.748,
respectively). Hypertension and erythropoiesis-stimulating agent (ESA) dosage had positive but
non-significant associations (Coefficients = 1.821 and -3.790; P-values = 0.490 and 0.053, respectively).
Diabetes showed a significant positive association (Coefficient = 7.399, P = 0.018).
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Table 3. Associations Between Clinical and Meteorological Factors with Difference in Intradialytic
Systolic Pressure in Hemodialysis Patients: A Generalized Estimating Equation Analysis

Difference of blood pressure Coefficient std. err. P value 95% conf interval

Age -0.088 0.108 0.412 -0.299 0.122

Male 0.144 2.314 0.950 -4.392 4.680

Diabetes 7.399 3.130 0.018* 1.265 13.533
Hypertension 1.821 2.636 0.490 -3.345 6.987
Coronary artery disease -1.503 2.077 0.469 -5.573 2.568
Stroke 2.682 2.950 0.363 -3.100 8.464

Peripheral Obstructive artery disease -2.544 7.926 0.748 -18.079 12992
Dyslipidemia 1.410 2.112 0.505 -2.730 5.550

ESA dosage -3.790 1.958 0.053 -7.629 0.048
Vintage of Intradialytic hypotension 11.196 2.909 <0.001*  5.495 16.897
Interdialytic weight gain 2.003 0314  <0.001*  1.388 2.618
Target Body weight -0.547 0.137 <0.001*  -0.816 -0.278
Hemoglobin 1.715 0370  <0.001* 0991 2.439

Serum Albumin 1.509 1.623 0.353 -1.673 4.690
Serum Sodium -0.063 0.122 0.606 -0.303 0.177

Serum Potassium 3.426 0.725 <0.001*  2.004 4.847
Serum total Calcium 0.874 0.479 0.068 -0.066 1.813
Serum phosphate 0.495 0.312 0.112 -0.116 1.106
Mean of atmosphere Pressure -0.030 0.038 0.437 -0.105 0.045
Mean of Temperature -0.282 0.062 <0.001*  -0.404 -0.160
Mean of Humidity -0.050 0.015 0.001*  -0.080 -0.020
Mean of Wind Speed -0.277 0.140 0.048 * -0.551 -0.002
Daily Precipitation 0.003 0.005 0.520 -0.006 0.012

p-value < 0.05 was defined as significant.

A significant positive correlation was found for the history of intradialytic hypotension (Coeffi-
cient = 11.196, P < 0.001), and interdialytic weight gain showed a significant increase in SBP differences
(Coefficient = 2.003, P < 0.001). In contrast, target body weight had a significant inverse relationship
(Coefficient = -0.547, P < 0.001). Hemoglobin levels were positively associated (Coefficient = 1.715,
P < 0.001). Serum potassium had a significant positive correlation (Coefficient = 3.426, P < 0.001).
However, serum albumin, serum sodium, serum total calcium, and serum phosphate showed no
significant associations (P-values = 0.353, 0.606, 0.068, and 0.112, respectively).

Regarding meteorological factors, mean temperature and mean humidity had significant inverse
relationships with SBP differences (Coefficients = -0.282 and -0.050; P-values < 0.001 and 0.001,
respectively). Mean wind speed now meets the significance threshold (Coefficient = -0.277, P = 0.048).
Daily precipitation and atmospheric pressure showed no significant associations (P-values = 0.520 and
0.437, respectively).

Updated Table (witThe Generalized Estimating Equation (GEE) analysis for associations between
clinical and meteorological factors and the difference in intradialytic systolic pressure is summarized
in Table 3. Age, gender, coronary artery disease, and peripheral obstructive artery disease showed no
significant correlation (Coefficients = -0.088, 0.144, -1.503, and -2.544; P-values = 0.412, 0.950, 0.469, and
0.748, respectively). Hypertension and erythropoiesis-stimulating agent (ESA) dosage had positive but
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non-significant associations (Coefficients = 1.821 and -3.790; P-values = 0.490 and 0.053, respectively).
Diabetes showed a significant positive association (Coefficient = 7.399, P = 0.018).

A significant positive correlation was found for the history of intradialytic hypotension (Coeffi-
cient = 11.196, P < 0.001), and interdialytic weight gain showed a significant increase in SBP differences
(Coefficient = 2.003, P < 0.001). In contrast, target body weight had a significant inverse relationship
(Coefficient = -0.547, P < 0.001). Hemoglobin levels were positively associated (Coefficient = 1.715,
P < 0.001). Serum potassium had a significant positive correlation (Coefficient = 3.426, P < 0.001).
However, serum albumin, serum sodium, serum total calcium, and serum phosphate showed no
significant associations (P-values = 0.353, 0.606, 0.068, and 0.112, respectively).

Regarding meteorological factors, mean temperature and mean humidity had significant inverse
relationships with SBP differences (Coefficients = -0.282 and -0.050; P-values < 0.001 and 0.001,
respectively). Mean wind speed now meets the significance threshold (Coefficient = -0.277, P = 0.048).
Daily precipitation and atmospheric pressure showed no significant associations (P-values = 0.520 and
0.437, respectively).

Associations Between Clinical and Meteorological Factors with Average Mean Arterial Pressure

The Generalized Estimating Equation (GEE) analysis results examining the associations between
various clinical and meteorological factors and the mean arterial pressure in hemodialysis patients are
presented in Table 4.

Table 4. Associations Between Clinical and Meteorological Factors with Mean Arterial Pressure in
Hemodialysis Patients: A Generalized Estimating Equation Analysis

Average of mean arterial pressure  Coefficient std. err. P value 95% conf interval

Age -0.156 0.082 0.057 -0.316 0.005

Male -2.260 1.993 0.257 -6.165 1.646

Diabetes -2.253 2.516 0.370 -7.184 2.677
Hypertension 4.026 1.874 0.032 * 0.352 7.699

Coronary artery disease -1.065 1.765 0.546 -4.525 2.395
Stroke -1.594 2.078 0.443 -5.668 2.479

Peripheral Obstructive artery disease -2.702 5.415 0.618 -13.315 7911
Dyslipidemia 2.439 1.376 0.076 -0.258 5.135

ESA dosage 3.448 1.376 0.012* 0.751 6.146

Vintage of Intradialytic hypotension -10.395 3.079 0.001* -16429  -4.361
Interdialytic weight gain -1.493 0.258 <0.001*  -1.998 -0.988
Target Body weight 0.280 0.129 0.030 * 0.028 0.533
Hemoglobin -1.133 0.291 <0.001* -1.703 -0.563

Serum Albumin -1.344 1.537 0.382 -4.356 1.669

Serum Sodium -0.125 0.124 0.313 -0.367 0.118

Serum Potassium -2.077 0.647 0.001 * -3.345 -0.810

Serum total Calcium -0.227 0.554 0.682 -1.313 0.859

Serum phosphate -0.803 0.260 0.002 * -1.312 -0.294
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Table 4. Cont.

Average of mean arterial pressure  Coefficient std. err. Pvalue 95% conf interval

Mean of atmosphere Pressure -0.029 0.028 0.309 -0.084 0.027
Mean of Temperature -0.092 0.039 0.018*  -0.169 -0.016
Mean of Humidity -0.031 0.011 0.006*  -0.053 -0.009
Mean of Wind Speed -0.234 0.081 0.004*  -0.392 -0.075
Daily Precipitation 0.009 0.003 <0.001*  0.004 0.014

p-value < 0.05 was defined as significant.

The Generalized Estimating Equation (GEE) analysis results examining the associations between
various clinical and meteorological factors and the mean arterial pressure in hemodialysis patients are
presented in Table 4.

The mean arterial pressure analysis revealed several significant associations. The erythropoiesis-
stimulating agents (ESA) dosage showed a significant positive association (Coefficient = 3.448, P =
0.012). The vintage of intradialytic hypotension exhibited a strong negative association with mean
arterial pressure (Coefficient = -10.395, P = 0.001), suggesting that patients with a history of intradialytic
hypotension tend to have lower mean arterial pressure. Interdialytic weight gain was significantly
negatively correlated with mean arterial pressure (Coefficient = -1.493, P < 0.001), as was hemoglobin
level (Coefficient = -1.133, P < 0.001).

Among the serum electrolytes, serum potassium (Coefficient = -2.077, P = 0.001) and serum
phosphate (Coefficient = -0.803, P = 0.002) showed significant negative associations with mean arterial
pressure. Regarding meteorological factors, mean temperature (Coefficient = -0.092, P = 0.018), mean
humidity (Coefficient = -0.031, P = 0.006), and wind speed (Coefficient = -0.234, P = 0.004) were all
significantly inversely related to mean arterial pressure. Daily precipitation was positively associated
with mean arterial pressure (Coefficient = 0.009, P < 0.001).

These results indicate that certain clinical factors, such as ESA dosage, serum electrolyte levels,
and environmental conditions, such as temperature, humidity, wind speed, and precipitation, can
significantly influence mean arterial pressure in hemodialysis patients.

Comparative Analysis of Significant Associations Across Blood Pressure Outcomes

To investigate the influence of weather on hemodialysis patients, our study employed a gen-
eralized estimating equation (GEE) model, adjusting for multiple clinical variables. This approach
was particularly suitable for analyzing our longitudinal data, as GEE effectively accounts for correla-
tions between repeated measurements within individual patients while providing robust parameter
estimates, even without precise knowledge of the underlying correlation structure.

The analyses in our study revealed key clinical and meteorological factors significantly associated
with average systolic blood pressure (SBP), intradialytic systolic pressure differences, and mean arterial
pressure in hemodialysis patients.

Erythropoiesis-stimulating agent (ESA) dosage showed a significant positive association with
both SBP (P = 0.012) and mean arterial pressure (P = 0.007). A history of intradialytic hypotension
consistently exhibited a strong negative association across all outcomes, significantly correlated with
lower SBP, intradialytic systolic pressure differences (P < 0.001), and mean arterial pressure (P = 0.001).
Interdialytic weight gain was significantly negatively correlated with both SBP (P < 0.001) and mean
arterial pressure (P < 0.001). In comparison, it showed a positive association with systolic pressure
differences (P < 0.001), emphasizing the importance of fluid management.

Hemoglobin levels were negatively associated with both SBP (P < 0.001) and mean arterial
pressure (P < 0.001) and positively correlated with systolic pressure differences (P < 0.001), suggesting
its role in affecting both blood pressure levels and fluctuations. Serum potassium showed a significant
negative relationship with SBP (P = 0.006) and mean arterial pressure (P = 0.001) but had a positive
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association with systolic pressure differences (P < 0.001), highlighting the need for optimal potassium
management.

Regarding meteorological factors, the mean temperature had a significant inverse association
with both SBP (P < 0.001) and systolic pressure differences (P < 0.001), and it was also significantly
associated with mean arterial pressure (P = 0.018). Mean humidity was significantly inversely related
to systolic pressure differences (P = 0.001) and mean arterial pressure (P = 0.006). Wind speed was
negatively associated with SBP (P = 0.002), mean arterial pressure (P = 0.004), and systolic pressure
differences (P = 0.048). Daily precipitation showed a positive relationship with both SBP (P < 0.001)
and mean arterial pressure (P < 0.001).

In summary, ESA dosage, intradialytic hypotension history, interdialytic weight gain, hemoglobin,
serum potassium, temperature, humidity, and wind speed were significant factors associated with
hemodialysis patients” blood pressure outcomes, emphasizing their multifactorial influence.

4. Discussion

This study provides novel insights into the complex interplay between clinical factors, mete-
orological conditions, and intradialytic blood pressure in hemodialysis patients. Our Generalized
Estimating Equation (GEE) model, adjusting for crucial variables such as hypertension and diabetes,
revealed significant associations between environmental factors and blood pressure outcomes.

Our results demonstrated a nuanced relationship between weather patterns and blood pressure
dynamics:

¢ Higher temperatures and stronger winds were associated with lower systolic blood pressure and

mean arterial pressure.
¢ Higher humidity correlated with lower mean arterial pressure and smaller changes in systolic

pressure.
¢ Interestingly, increased daily rainfall was linked to higher mean arterial pressure and systolic

blood pressure.

These findings highlight the intricate influence of meteorological conditions on hemodialysis
patients’ cardiovascular responses.

Among clinical factors, erythropoiesis-stimulating agent (ESA) dosage emerged as a significant
variable, showing a positive correlation with both systolic blood pressure (SBP) and mean arterial
pressure. This aligns with previous research suggesting ESA therapy’s impact on blood pressure
regulation in hemodialysis patients. Additionally, a history of intradialytic hypotension and serum
potassium levels significantly affected blood pressure outcomes.

The hemodialysis treatment itself plays a crucial role in blood pressure regulation. Our study
found a significant negative correlation between interdialytic weight gain and mean arterial pressure,
underscoring the importance of effective fluid management strategies. This finding emphasizes the
need for maintaining optimal dry weight and preventing volume overload, which is key in managing
hypertension among hemodialysis patients [18].

In conclusion, our study reveals that both environmental and clinical variables critically influence
blood pressure dynamics during hemodialysis. This comprehensive understanding offers new per-
spectives for patient management, suggesting the need for adaptive treatment strategies that consider
both meteorological conditions and individual clinical factors to optimize blood pressure control in
hemodialysis patients.

Weather and Intradialytic Blood Pressure

Our study significantly advances the understanding of the relationship between environmental
factors and intradialytic blood pressure. We identified robust associations between meteorological
conditions and blood pressure outcomes in hemodialysis patients. Specifically, our results revealed
significant negative correlations between high ambient temperatures and both intradialytic systolic
pressure and mean arterial pressure, aligning with previous findings [5,6].
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The body’s response to heat involves systemic changes, primarily through peripheral vasodila-
tion and sweating to reduce core temperature. This loss of peripheral resistance is counteracted by
sympathetic activation, which helps prevent a sharp drop in blood pressure by increasing heart rate
and stroke volume. Additionally, sweat-induced salt loss and reduced blood volume are particularly
relevant for hemodialysis patients who already face challenges in fluid balance. Our study supports
these mechanisms, highlighting the complexities of blood pressure regulation in patients exposed to
varying temperature conditions [12,15].

Previous research has demonstrated the impact of humidity on blood pressure, with varying
effects observed depending on individual and environmental factors. For instance, Guo et al. found
that high relative humidity, particularly in conjunction with particulate matter exposure, can exacerbate
hypertension in mice [19]. Conversely, Sandi et al. observed that lower humidity levels (e.g., 40

Our findings revealed an interesting positive correlation between daily precipitation and mean
arterial pressure, suggesting that increased rainfall might be associated with higher blood pressure
levels in hemodialysis patients. To our knowledge, this is the first study to explore the relationship
between precipitation and intradialytic blood pressure. While we didn’t directly measure patients’
activity levels or dietary habits, we believe that weather conditions, including rainfall, could influence
these factors. Rainy weather might affect patients’ daily routines, potentially altering their physical
activity and eating patterns, which in turn could impact their blood pressure. Although our study
didn’t collect data on these specific behaviors, this observation opens up new avenues for future
research to better understand the complex interplay between environmental factors, lifestyle choices,
and blood pressure regulation in hemodialysis patients.

It's important to note that our study didn’t account for indoor environmental conditions, such as
the temperature and humidity within the dialysis facility. This limitation could influence our findings,
as indoor factors like air conditioning, heating, and ventilation could modulate patients” physiological
responses to external weather. Despite this, understanding the influence of external meteorological
data remains crucial as it offers insights into broader environmental factors that affect patient health
and could inform preemptive care strategies.

Laboratory Data and Intradialytic Blood Pressure

Our study found a significant positive correlation between hemoglobin levels and intradialytic
systolic pressure, aligning with previous findings [20]. This correlation may be attributed to increased
blood viscosity associated with higher hemoglobin levels, potentially affecting systolic and mean
arterial pressure during dialysis.

Regarding serum potassium, our study found that pre-dialysis serum potassium was significantly
associated with mean systolic and arterial pressure. Specifically, lower pre-dialysis potassium levels
correlated with higher mean systolic and arterial pressures. This underscores the critical importance
of maintaining optimal potassium levels for effective blood pressure management in hemodialysis
patients.

Summary and Applications

This study is the first to analyze the association between ambient weather parameters and
intradialytic blood pressure in hemodialysis patients in subtropical regions, including mean arterial
pressure. Our findings reveal significant correlations between meteorological parameters and their
specific effects on systolic blood pressure (SBP) and mean arterial pressure in hemodialysis patients.

Based on our findings, we propose several specific clinical applications:

1. Personalized treatment plans: Healthcare professionals should actively adjust dialysis treatment
plans in response to seasonal and weather changes. This includes modifying medication dosages
and dialysate composition to counteract fluctuations in SBP and mean arterial pressure.

2. Dynamic fluid management: Implement weather forecast-based fluid management strategies,
especially during extreme weather conditions. By closely monitoring and adjusting interdialytic
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weight gain, clinicians can better maintain stable blood pressure levels and minimize the risk of
fluctuations.

3. Patient education: Actively educate patients on how to protect themselves against the impacts
of weather changes on blood pressure. Encourage wearing appropriate clothing during colder
months or ensuring adequate hydration in warmer conditions to mitigate temperature-related
blood pressure effects.

4. Environmental control: Although this study focused on external weather conditions, dialysis
centers should take immediate action to optimize indoor environmental control measures. This
includes adjusting room temperature and humidity levels to mitigate external weather impacts
on patients’ intradialytic blood pressure.

This work lays the foundation for the future development of weather forecast-based blood
pressure prediction models that include mean arterial pressure as a key parameter. Such models
could allow medical teams to anticipate and prevent potential blood pressure fluctuations in advance,
thereby improving patients” long-term health outcomes.

Given the trend of global climate change, this study’s implications are even more significant. As
global temperatures rise, hemodialysis patients may experience more pronounced blood pressure
fluctuations. Our research provides a scientific basis for developing strategies to address these
challenges, including modifying dialysis treatment plans based on seasonal and weather conditions.

5. Conclusions

This comprehensive four-year analysis underscores the complex interplay between environmental
factors and clinical variables in influencing intradialytic blood pressure in hemodialysis patients. Our
findings show that higher ambient temperatures, increased humidity, stronger wind speeds, and lower
precipitation levels are significantly associated with lower systolic blood pressure (SBP) and mean
arterial pressure. Clinical factors, particularly hemoglobin levels and serum potassium, also play a
crucial role in blood pressure regulation during dialysis sessions.

These results emphasize the necessity of incorporating environmental variables into blood pres-
sure predictive models and adapting treatment protocols to account for seasonal changes. Proactive
measures, such as weather-adapted fluid management strategies, personalized treatment plans, and
patient education, are essential for mitigating potential adverse effects on blood pressure and improv-
ing patient outcomes. As global temperatures continue to rise, these insights offer a foundation for
developing tailored interventions that ensure effective, patient-centered care, ultimately enhancing the
quality of life for hemodialysis patients.
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