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A B S T R A C T

The objective was to analyze the association of changes in pre-dialysis systolic and diastolic blood pressure with
air temperature in a municipality in the Brazilian Pantanal, a tropical climate area. Longitudinal panel study, with
analysis of mixed effects models of 133 hemodialysis patients in the city of C�aceres-Mato Grosso in 2014. Air
temperature showed an inverse association with pre-dialysis systolic and diastolic blood pressure. With each
increase of 1 �C in the mean air temperature, the pre-dialysis systolic blood pressure decreases -0.730mmHg (p �
0.000) and the pre-dialysis diastolic blood pressure decreases -0.280mmHg (p � 0.000). The estimated effect was
greater for systolic blood pressure, but both pre-dialysis blood pressure measures are reduced with an increase in
lag (up to two days), even when adjusted for relative air humidity. Air temperature is determinant for changes in
pre-dialysis systolic and diastolic blood pressure in hemodialysis patients. The temperature effect was greater for
systolic blood pressure than for diastolic blood pressure.
1. Introduction

The kidney is one of the organs responsible for controlling blood
pressure. Hypertension can be the cause or the consequence of renal
dysfunction, and the control of hypertension is essential for the preven-
tion of the disease [1]. Air temperature is recognized as the main mete-
orological factor for altering blood pressure in humans [2, 3, 4, 5].
Among the groups most vulnerable to these changes (related to increased
blood pressure at low temperatures) are the elderly, children, terminal
patients and people with chronic diseases [6]. This group of people, when
they need hemodialysis (HD), they have constant changes in blood
pressure, especially Systemic Arterial Hypertension (SAH) [7].

With the initiation of hemodialysis treatment, some patients reverse
SAH by removing excess fluids. However, some patients continue to
present with hypertension [8], so much so that during hemodialysis, the
main complication is related to changes in blood pressure, hypotension,
and intradialytic hypertension [9, 10].

There are no limits on ideal and safe blood pressure values for pa-
tients on HD. On the other hand, the blood pressure values that are
indicated for the general population, when applied to patients
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undergoing HD treatment, result in an increase in mortality in this group
[11, 12].

Most studies show an inverse association between air temperature
and blood pressure in hemodialysis patients [13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24]. These studies were carried out predominantly in
regions of Continental, Temperate, and Mediterranean climate, focusing
on the analysis of seasonality.

The Intergovernmental Panel on Climate Change-IPCC [25] moti-
vated studies on the impact of climate change on human health. In
countries with a tropical climate, the prioritization of themes is related to
the effects of climate change on neglected tropical diseases, especially
those transmitted by vectors. These countries minimize the consequences
of chronic non-communicable diseases, which will also be influenced by
these climate changes [26, 27, 28].

Knowing that patients undergoing hemodialysis have uncontrolled
blood pressure, it is relevant to understand the effects of variations in air
temperature on the blood pressure of patients on hemodialysis residing in
a tropical climate area such as the Brazilian Pantanal region. Quantifying
the effect of air temperature on blood pressure changes will guide the
adoption of practices to minimize blood pressure changes and their
ig).
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consequences for patients undergoing hemodialysis. The aim of this
study was to analyze the association of changes in pre-dialysis systolic
and diastolic blood pressure with air temperature in a municipality in the
Pantanal of Mato Grosso.

2. Method

This research was designed as a longitudinal retrospective epidemi-
ological study, with repeated measures, defined as a panel study. This
analysis was carried out with chronic renal patients undergoing HD in
2014 in the city of C�aceres - Mato Grosso, Brazilian Pantanal. In terms of
ethnicity, the population of the state of Mato Grosso is of mixed race, like
most Brazilians. During the last census, 90% of the population self-
classification black or “parda" brown color [29, 30].

For the study, data were collected from the medical records of 133
patients who signed the Free and Informed Consent Form. All patients
were of legal age (over 18 years) and had been undergoing HD for more
than three months. Data were collected in January 2014 at the only
hemodialysis center in the region, located in the city of C�aceres. These
studies are non-existent in Brazil due to the difficulty in obtaining data on
patients undergoing treatment, so our study was limited to this group of
patients from southwestern Mato Grosso.

The patients lived in 14 municipalities in the southwestern region of
Mato Grosso, with a total population of 206,356 inhabitants [30]. Among
the 133 participants, 69 (52%) lived in C�aceres, where there is a HD
service. The municipalities in the region have the same climatic char-
acteristics, according to the K€oppen classification. Where in these re-
gions, the climate is of the Tropical type, with two well-defined wet
(November to March) and dry (May to September) periods. The Pantanal
biome is located in the southwest region of the state of Mato Grosso. This
biome is the largest low-lying tropical humid area, with 150,355 km2 of
wetland on the planet [30]. To facilitate comparisons between the cli-
matic characteristics, this research chose the K€oppen classification as it is
the most used in the world.

All patients had a prescription for hemodialysis three times a week.
Eventually, there could be absences for some patients or extra sessions
when requested by the medical team. From these patients, data were
obtained on variables related to individual characteristics that do not
change over time, including date of birth, sex, color/race, underlying
disease, initial diagnosis, use of antihypertensive drugs. Information
about the initial diagnosis is related to the diagnosis that led the indi-
vidual to seek the nephrology service. This fact is not necessarily
involved in starting hemodialysis, and in some cases, it may be the sec-
ondary diagnosis, as there is no such field in the medical record.

Monthly variations (hemoglobin measurement (g/dL)), free calcium
(mg/dL), phosphorus measurement (mg/dL), glutamic-pyruvic trans-
aminase - ALT (u/L), anti-HCV (reagent and not-reagent), or daily, such
as: day of the hemodialysis session, blood pressure (mmHg) recorded (at
the entrance, during and after the session) and pre-dialysis weight (kg).
The patients were weighed at the entry and exit of the HD sessions using a
digital scale, with weight checks in kg. In patients using a wheelchair and
bedridden, no weighing was performed due to the lack of an appropriate
weight scale (6.3% of the set of measures).

The dependent variables were pre-dialysis Systolic Blood Pressure
(pre-SBP) and pre-dialysis Diastolic Blood Pressure (pre-DBP), whose
measurements were taken before the hemodialysis procedure. Blood
pressure measurements were performed by an indirect method, using the
auscultatory technique with the use of an aneroid sphygmomanometer.
This procedure was done in the armchair that patients underwent
hemodialysis.

Adjustment variables include the use of antihypertensive drugs,
diagnosis of disease (chronic end-stage disease, unspecified chronic
insufficiency, acute nephrotic syndrome - proliferative glomerulone-
phritis, unspecified acute nephrotic syndrome, chronic nephrotic syn-
drome, and congenital kidney malformation), sex, age, and weight of
entry, hemoglobin, calcium, TGP and anti-HCV.
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For meteorological data, daily air temperature (maximum, mini-
mum, and average) and relative humidity (maximum, minimum, and
average) from January to December 2014 were considered. This in-
formation was obtained through the automatic meteorological station
of the National Meteorological Institute (INMET) [31] installed in
C�aceres (code - A941).

The association between air temperature and pre-SBP and preDBP
was estimated using mixed effects models. These models allow both fixed
and random effects; thus, they are appropriate for data analysis required
in this study which in considering the independence between patients
and the dependence in the time of the repeated measurements of each
patient.

Adjusting the mixed effects model follows these steps:

(I) Adjustment of the time trend;
(II) Inclusion of variables related to individual characteristics fixed

over time;
(III) Inclusion of variables that change over time (month and day);
(IV) Adjustment of the variance function of the random error;
(V) Adjustment of residual autocorrelation;
(VI) Evaluation of the effect of temperature and/or humidity.

In adjusting the trend, initially the variable that represents the
observation day was centered on the midpoint of the study period. The
trend was adjusted by a cubic spline, with a random effect on the pa-
rameters. The variance function of the random error was adjusted by the
variables sex and age (categorized) and the residual autocorrelation by a
common autocorrelation structure (AR(1)). Compound Symmetry struc-
ture was also evaluated, but AR(1) presented lower AIC.

The Likelihood-Ratio Test and the Akaike Information Criterion (AIC)
were used to assess the entry of explanatory variables in the model and
the quality of the adjustment. At the 5% significance level, the significant
variables for adjusting the model were: use of antihypertensive drugs;
disease diagnosis (chronic end-stage disease, unspecified chronic insuf-
ficiency, acute nephrotic syndrome - proliferative glomerulonephritis,
unspecified acute nephrotic syndrome, chronic nephrotic syndrome,
congenital kidney malformation), sex, age, weight of entry (with random
effect in the parameter), hemoglobin, calcium, ALT, anti-HCV and rela-
tive humidity to assess the effect of air temperature. To adjust the
meteorological variables, lag0 and lag1measurements were used. For the
main exposure variables, lag0 to lag3 and Arithmetic Moving Averages
(MMA) were considered for the calculations. In order to estimate the
cumulative effect of exposure to temperature, the Polynomial Distributed
Lag Model (PDLM) technique was also considered. In this study,
quadratic polynomials of the effects lagged up to 3 days were calculated.
The data were analyzed in the R program (version 3.3.5) [32] through
the nlme library [33].

The study was approved by the Research Ethics Committee of the
State University of Mato Grosso, and Certificate of Presentation for
Ethical Appreciation (CAAE): 49487815.0.0000.5166, in November
2015.

3. Results

In 2014, the average air temperature in C�aceres was 25.9 �C. The
average maximum temperature was 31.7 �C, and the average minimum
temperature was 21.7 �C. The records of minimum temperatures were
concentrated between June and August, which registered 12.2 �C as the
lowest temperature in this period. Regarding the maximum temperature,
it increases from August, with a higher record of 38.7 �C in October. The
average relative air humidity in the period was 76.2%, reaching a
maximum of 92.8% in May and a minimum of 22% in September. The
period of lowest record of relative humidity was from August to October
(Figure 1).

An inverse relationship is observed between air temperature, and pre-
SBP, and pre-DBP. The months of May, June, and July were the months



Figure 1. Daily distribution of the maximum, average and minimum air temperature (�C) and the average relative air humidity throughout 2014, C�aceres-MT.

Figure 2. Mean variations in pre-dialysis systolic (A) and diastolic (B) blood pressure and average air temperature in the months of 2014, C�aceres-MT. Pre-SBP: pre-
dialysis systolic blood pressure. Pre-DBP: pre-dialysis diastolic blood pressure.
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with the lowest temperature averages in the year and also the months
whose mean systolic and diastolic blood pressure was highest (Figure 2).

Most patients were men (61%), with a mean age of 55 (SD14.9) years.
The mean pre-SBP was 133 mmHg (60–240 mmHg), the mean pre- DBP
was 76.2 mmHg (30–150 mmHg) and the mean pre-dialysis weight was
67 kg (36–110 kg). For monthly laboratory tests, hemoglobin averaged
10.27g/dl (SD 2.05), hematocrit was 30.7% (SD 5.91), calcium dosage of
4.78mg/dl (SD 0.35), the ALT of 23.53U/l (SD 21.19) and 5 (3.4%) pa-
tients had the reagent Anti-HCV (Table 1).

The models of basic mixed effects for systolic and diastolic blood
pressure, without the inclusion of meteorological variables were
analyzed. The use of antihypertensive drugs was associated with an in-
crease in the mean pre- SBP of 8.45 mmHg (p ¼ 0.017). The diagnosis of
end-stage renal disease was associated with an increase of 41.13 mmHg
(p ¼ 0.013) in pre-dialysis SBP, as well as the diagnosis of unspecified
chronic renal failure with a positive association of 39.26 mmHg (p ¼
0.018). Pre-dialysis weight showed an association of 0.53mmHg (p �
0,000) in the increase in pre- SBP; in which, for a gain of 1kg there is an
increase in mean SBP of 0.53mmHg. With regard to laboratory tests, it
appears that with each increase of a unit in hemoglobin (HB) there is an
increase of 0.48mmHg (p ¼ 0.002) in the mean of the SBP; and the in-
crease of one unit in the ALT is associated with an increase of 0.02mmHg
(p ¼ 0.021) in the mean of the SBP (Table 2).

As for clinical variables, it is observed that the diagnosis of unspeci-
fied acute nephrotic syndrome, chronic nephrotic syndrome, unspecified
nephrotic syndrome, congenital kidney malformation, sex, age and cal-
cium concentration did not show statistically significant associations
with pre- SBP, but were kept in the model due to the quality of the
adjustments.

For pre-DBP, it is observed that the diagnoses are positively associ-
ated, with the unspecified acute nephrotic syndrome associated with an
increase of 27.58mmHg (p < 0.005) of the pressure; the diagnosis of
chronic nephrotic syndrome at an increase of 36.73mmHg (p� 0,000) in
pressure; the diagnosis of end-stage renal disease with an increase of
33.65mmHg (p � 0,000) in pressure. And the diagnosis of other
congenital malformations specific to the kidney with an increase of
20.02mmHg (p ¼ 0.048) in pressure.

The age of patients had an inverse association of -0.36mmHg (p �
0.000) with pressure. Thus, with each increase of one year of age, the
mean pre-DBP decreased by -0.36mmHg. Pre-dialysis weight showed an
association of 0.14 mmHg (p � 0,000) in the increase in pre- DBP. Thus,
for every 1 kg gain by the patient, there was an increase in the pre- DBP.
The results of laboratory tests of hematocrit and anti-HCV reagent also
showed a positive association with pre-SBP. With each increase of one
unit in hematocrit (HT) there was an increase of 0.16mmHg (p � 0,000)
in the mean of the DBP. And anti-HCV reactive patients are associated
Table 1. Descriptive statistics of meteorological variables and fixed, monthly and da

Variables N Missing Average (SD) Minimu

Temperature (�C) 365 0 25.92 (2.65) 12.2

Humidity (%) 365 0 76.20 (9.45) 22.0

Age (years) 133 0 54.93 (14.91) 21

Men 133 0 60.9%

Pre-SBP (mmHg) 17.072 62 133.01 (24.7) 60

Pre-DBP (mmHg) 17.072 62 76.28 (13.36) 30

Pre-dialysis weight (kg) 16.127 1.014 66.76 (13.2) 36.0

Hemoglobin (g/dl) 1.589 7 10.27 (2.05) 3.4

Hematocrit (g/dl) 1.589 7 30.7 (5.91) 9.30

Calcium (mg/dl) 1.586 10 4.78 (0.35) 1.0

ALT (U/l) 1.583 13 23.53 (21.19) 7

Anti-HCV (reagent) 1.596 0 3.4%

SBP: systolic blood pressure; DBP: diastolic blood pressure; ALT: glutamic-pyruvic tra

4

with an increase of 10.85mmHg (p ¼ 0.007) in the mean DBP. Thus, the
patient having hepatitis C increases the pre- DBP.

The clinical variables gender, age and ALT did not show statistically
significant associations with pre- DBP, but were maintained in the model
for better adjustment (Table 2).

After adjusting the basic model, the variables temperature and rela-
tive humidity were included for the analysis. To assess the effect of
temperature, the variable average relative humidity on the current day
(lag 0) or lagged one day (lag 1) was included in the model as a covariate.
The final model included the basic model, relative humidity on the
current day and temperature (lag 0, lag 1, lag 2, lag3 or moving average
for lags 1 and 2) (Table 3). For SBP themodel adjusted for humidity in lag
0 shows that with each increase of 1 �C in the average temperature there
is a reduction in the pre- SBP on the day of the session (lag 0 temperature)
of -0.730mmHg (p� 0.000); Statistically significant results were verified
for temperature in lag 1, 2 and 3 and the moving average of two days
before the hemodialysis session.

For DBP, when adjusted for relative air humidity at lag 0, with a 1 �C
increase in the average temperature, a reduction in pre-dialysis DBP was
observed on the day of the hemodialysis session (lag 0) (-0.281mmHg; p
� 0,000); the day before the hemodialysis session (lag 1) (-0.242mmHg;
p � 0,000); in the two days preceding the hemodialysis session (lag 2)
(-0.131mmHg; p ¼ 0.008); in the three days preceding the hemodialysis
session (lag 3) (-0.110 mmHg; p ¼ 0.004) and in the two-day moving
average (-0.217 mmHg; p � 0,000) (Table 3).

By the approach of the distributed lag polynomial models, the global
effect of exposure to temperature in lags 1, 2, 3 and current day was
significant for both systolic and diastolic blood pressure, with a reduction
in pre-SBP of 0.956mmHg (95% CI: - 1,171mmHg; -0,742mmHg) and
reduction in the pre-DBP of 0,385mmHg (95% CI: -0,506 mmHg; -0,265
mmHg) for each 1 �C increase in the average temperature (Table 4). The
final model included the basic model, relative humidity in the current
day and temperature with the structure of the PDLM.

4. Discussion

This is the first study to quantify the changes in SBP and DBP of pa-
tients undergoing hemodialysis about temperature variations in a trop-
ical climate area. The analysis shows that the greater the daily variations
in temperature, the greater the changes in systolic and diastolic blood
pressure during the pre-dialysis period. The analysis shows that the
greater the daily variations in temperature, the greater the changes in
pre-dialysis systolic and diastolic blood pressure.

Although the scientific literature has demonstrated the inverse rela-
tionship between air temperature and blood pressure [34] for patients
who are not undergoing hemodialysis [3, 35, 36, 37, 38] and patients
ily variables of patients undergoing hemodialysis in 2014, C�aceres-MT.

m Percentile Maximum

10 25 50 75 90

22.6 24.8 26.2 27.4 28.9 37.8

62.0 71.0 77.9 83.2 86.7 100

33.4 46 56 65 74 92

100 120 130 150 160 240

60 70 80 80 90 150

50.4 57.6 66.1 75.7 82.5 110

7.7 8.9 10.2 11.6 12.8 28.8

23.0 26.8 30.8 34.8 38.5 48.4

4.3 4.5 4.8 5.0 5.1 6.6

10 12 18 26 43 262

nsaminase.



Table 2. Basic model without meteorological variables, for estimates of changes in pre-dialysis systolic and diastolic blood pressure, C�aceres-MT-2014.

Systolic blood pressure

Variables Estimate for SBP p-value (test t) IC 95%

Bottom Higher

Antihypertensive use 8,45 0,017 1,57 15,33

Diagnosis of unspecified acute nephrotic syndrome 33,38 0,137 -10,39 77,15

Diagnosis of chronic nephrotic syndrome 30,05 0,217 -17,40 77,50

Diagnosis of end-stage renal disease 41,13 0,013 9,08 73,18

Diagnosis of unspecified end-stage renal disease 39,26 0,018 7,04 71,48

Diagnosis of other specified congenital malformations of the kidney 38,67 0,086 -5,21 82,55

Gender (female) 3,50 0,281 -2,83 9,83

Age (>60 years old) 0,54 0,863 -5,59 6,67

Weight of entry 0,53 0,000 0,39 0,67

Hemoglobin 0,48 0,002 0,19 0,77

Calcium 0,34 0,639 -1,07 1,75

ALT 0,02 0,021 0,00 0,04

Diastolic blood pressure

Variables Estimate for DBP p-value (test t) IC 95%

Bottom Higher

Diagnosis of unspecified acute nephrotic syndrome 27,58 0,005 8,35 46,81

Diagnosis of chronic nephrotic syndrome 36,73 0,000 15,88 57,58

Diagnosis of end-stage renal disease 33,65 0,000 18,81 48,49

Diagnosis of unspecified end-stage renal disease 34,32 0,000 19,03 49,61

Diagnosis of other specified congenital malformations of the kidney 20,02 0,048 0,32 39,72

Age -0,36 0,000 -0,48 -0,24

Gender (female) -0,71 0,584 -3,26 1,84

Idade (>60 years old) 1,77 0,368 -2,07 5,61

Weight of entry 0,14 0,000 0,08 0,20

Hematocrit 0,16 0,000 0,10 0,22

ALT 0,00 0,312 0,00 0,00

Anti-HCV Reagent 10,85 0,007 3,09 18,61

ALT: glutamic-pyruvic transaminase.

Table 3. Effects of temperature adjusted by the variables included in the basic model and relative humidity (lag 0) for pre-dialysis systolic and diastolic blood pressure.

Systolic blood pressure

Temperature Estimate for SBP CI 95% p-value AIC

Bottom Higher

Basic model þ Humidity lag 0 Lag 0 -0,730 -0,907 -0,552 0,000 136188,6

Lag 1 -0,462 -0,604 -0,319 0,000 135798,6

Lag 2 -0,220 -0,355 -0,086 0,001 135379,4

Lag 3 -0,278 -0,408 -0,148 0,000 134842,1

Moving average lag 1e2 -0,398 -0,550 -0,247 0,000 135362,6

Diastolic blood pressure

Temperature Estimate for DBP CI 95% p-value AIC

Bottom Higher

Basic model þ Humidity lag 0 Lag 0 -0,281 -0,382 -0,181 0,000 118775,9

Lag 1 -0,242 -0,323 -0,160 0,000 118412,5

Lag 2 -0,131 -0,208 -0,054 0,008 118032,7

Lag 3 -0,110 -0,184 -0,036 0,004 117564,3

Moving average lag 1e2 -0,217 -0,303 -0,131 0,000 118019,3

Italic value indicates the significant values <0.05
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undergoing hemodialysis [13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 39,
40], the quantification of this relationship using mixed-effect models
adjusted in a longitudinal study has not been demonstrated for hemo-
dialysis patients in Brazil.

For the general population, a study conducted with data from 16
countries (Europe and North America), it was found that the increase
5

of 1 �C in the average external temperature decreased -0.19 mmHg
(95% PI: - 0.26; - 0.11 mmHg) of the SBP [41]. In a meta-analysis
review with adults, patients with diseases related to cardiovascular
problems, such as hypertensive, diabetics, and patients with myocar-
dial ischemia, presented changes in blood pressure greater than the
general population, with an increase of 1 �C in the mean temperature.



Table 4. Effects of temperature estimated by the approach of polynomial models of distributed lag for pre- systolic and diastolic blood pressure.

Systolic blood pressure

Temperature Estimate for SBP CI 95%

Bottom Higher

Lag 0 -0,698 -0,887 -0,509

Lag 1 -0,052 -0,158 0,055

Lag 2 0,084 -0,023 0,191

Lag 3 -0,291 -0,444 -0,137

Global -0,956 -1,171 -0,742

Diastolic blood pressure

Temperature Estimate for DBP CI 95%

Bottom Higher

Lag 0 -0,281 -0,336 -0,116

Lag 1 -0,084 -0,147 -0,021

Lag 2 -0,026 -0,089 0,038

Lag 3 -0,050 -0,140 0,040

Global -0,385 -0,506 -0,265
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The SBP decreases - 0.38 mmHg (0.18–0.58), a difference of 0.12
mmHg in relation to the general population [42].

In the present study, patients undergoing hemodialysis, the rela-
tionship found was even more evident, implying a reduction of
-0.730mmHg (p � 0,000) in SBP and -0.280mmHg (p � 0,000) in pre-
dialysis DBP. Although the methods used are different, this difference
can indicate the biological vulnerability to temperature changes in pa-
tients on hemodialysis when compared to the general population and also
to patients with other chronic diseases.

Variations in SBP and DBP influenced by air temperature can further
impair the evolution of patients undergoing hemodialysis whose risk of
cardiovascular mortality in these people was associated with either a
reduction or an increase in blood pressure [43, 44]. Thus, both episodes
of hypotension and hypertension can contribute to an increased risk of
mortality from cardiovascular diseases in patients undergoing
hemodialysis.

Although the link between air temperature and blood pressure has
been established, the mechanisms underlying this relationship have not
been fully understood to date, and there are likely to be multiple [6, 23,
38, 45, 46].

When the body is exposed to low temperatures, the first physiological
response will be peripheral vasoconstriction., which will reduce thermal
conduction through the skin and trigger tremors and reduce diuresis.
This response mediated by sympathetic activation increases heart rate,
renin-angiotensin activity, and aldosterone levels, which raise blood
pressure [47, 48, 49].

Other physiological responses involved in the increase in blood
pressure due to the decrease in temperature are platelet activation [50],
erythrocyte deformability, blood viscosity [43], the cumulative increase
in the levels of blood inflammatory markers [51], activation of type L
calcium channels [52], and oxidative stress [53, 54]. These indicators
show the difficulty of these patients in presenting physiological resilience
to reduce the temperature.

The response to heat (temperature increased) is more systemic
when compared to cold (temperature decrease), whose first reaction of
the organism is peripheral vasodilation and sweating to lower the core
temperature [49]. With the loss of peripheral resistance, sympathetic
activation prevents a critical loss of blood pressure through a
compensatory increase in heart rate and systolic volume. The mecha-
nism of sweat, the simultaneous loss of salt and the reduction of blood
volume are also involved [46]. There are also water losses due to
perspiration, and breathing that are relevant in patients undergoing
hemodialysis [16, 55, 56].

Pre-SBP is generally used for the management of hypertension in
patients undergoing hemodialysis [46]. The association between
6

temperature and blood pressure was statistically significant only for
pre-DSP and SBP. The relationship between temperature and
intra-dialysis and post-dialysis blood pressure has also been studied in
some patients undergoing hemodialysis, but no association was found in
this group of people [15, 23, 54]. In this study, this relationship was
explored and the results corroborated with those mentioned above.

Elucidating the temperature response on the pre-SBP and DBP, a
moment when the influence of the external air temperature is higher
because the patient has recently been in the environment of the session,
which is air-conditioned.

In the present study, pre- SBP and DBP were associated with clinical
and laboratory variables. Both pressures were positively associated with
chronic kidney disease diagnoses. The influence of diagnoses on blood
pressure can be explained by the pathophysiological mechanism of the
disease [55].

Pre-dialysis weight was positively associated with pre SBP and DBP,
and the increase in blood pressure is related to fluid overload, which is a
consequence of CKD [16, 46]. It is important to remember that this
variable can be controlled by the correct intake of fluids by patients in the
interdialytic period [16, 24, 44, 57]. The increase in hemoglobin and
hematocrit, with the increase in SBP and DBP, is related to the increase in
blood viscosity [46, 58].

The relationship between increased ALT concentration and SBP has
not yet been described in the literature, and therefore requires further
clarification. There were also no studies that related the association of
increased DBP in patients with hepatitis C in hemodialysis. ALT is used as
a marker of liver function, and elevation is indicative for screening for
infection by hepatitis B and C viruses [59, 60]. These associations be-
tween ALT and SBP and the positivity for hepatitis C with increased DBP
need to be further studied.

Pre-SBP was positively associated with hypertensive patients. The
relationship between hypertension and chronic kidney disease can be
related to the cause or consequence of the disease [1]. In Brazil, 80–90%
of hemodialysis patients are hypertensive [60, 61]. Studies on the
number of drugs for the treatment of blood pressure in patients under-
going hemodialysis also showed that the increase in antihypertensive
drugs is not able to control blood pressure. Demonstrating the difficulty
in controlling pressure in these patients and the relationship of blood
pressure with other variables [16, 46, 55, 56, 62].

The inverse association between age and DBP was contrary to the
findings of other studies, whose association found was positive for pa-
tients undergoing hemodialysis [3, 62].

Knowing the association between air temperature and blood pressure,
it is evident that we must analyze weather conditions, focusing on local
temperature and the possible impacts of climate change for this group of
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patients, who are vulnerable to changes in blood pressure as the rise in air
temperature.

The projections for the Pantanal region in the scenario projected by
the IPCC [25] will be for a 1 �C increase in temperature and a decrease of
between 5% and 15% in rainfall patterns by 2040 [63]. For projections of
the heat stress index (WBGT) - an indicator of thermal stress that com-
bines temperature, humidity, wind speed and radiation - the projection of
the maximum scenario (average of the maximum) until 2040, is esti-
mated for the studied region thermal stress between September and
November of 31.5 �C. It is the limit considered alert for physiological
adaptation, depending on the metabolic expenditure [64]. These pro-
jections may indicate a scenario of difficult adaptation of patients on
hemodialysis to this new climatic condition.

The increase in temperature will lower blood pressure, but the in-
crease in heat associated with a decrease in the relative humidity of the
air increases the feeling of thirst, which can increase fluid intake [33] and
blood pressure control for patients on hemodialysis should be more
constant and rigorous.

The missing data represented 12.7% of the records, a situation for
which we judged the data to be robust. As a limitation of the study,
the meteorological data and the blood pressure measurements were
collected in the municipality of treatment. Despite this limitation, it
is noteworthy that approximately 52% of patients live in the mu-
nicipality of treatment and 48% in neighboring municipalities. This
region, as described in the materials and methods section, presents
the same climatic characteristics, according to the K€oppen
classification.

However, this is the municipality that concentrates half of the study
population. Although the adjustments of the models may have been
influenced, the observations in lag 0 reinforce our findings. It was
impossible to perform stratified analyzes by gender and age group due to
the number of participants. The temperature data series refers to mete-
orological data, as it covers only one year. However, the results are
extremely relevant to public health due to the clinical implications of this
group's extreme biological vulnerability.

Our findings show the relevance of the change in air temperature
in the diagnosis and treatment of these patients. Health professionals
must be prepared for the adjustments of medications, liquid control
conducts, and temperature changes [23, 24, 65]. Thus, it is important
to protect against cold, in times of lower temperatures, such as
wearing clothes that promote heating in an external environment,
reducing the effect of cold on blood pressure [41]. It is also necessary
that measures to control the increase in air temperature are imple-
mented so that climate changes are less felt and thus have less impact
on health.

Due to the difficulties in reaching goals and controlling blood pres-
sure in patients undergoing hemodialysis [66, 67], the findings of this
study point to the need to consider meteorological variations, especially
air temperature, in clinical guidelines and protocols, as well as in quality
of life campaigns. As changes in weather variations are seasonal and
predictable, recommendations can assist in controlling by minimizing
variations in blood pressure.

Longitudinal epidemiological studies of the effects of air temperature
and other meteorological factors on health - in addition to the direct
impacts of meteorological variables - will provide a more accurate
measure of health impacts and will help in planning and allocating re-
sources to priorities.

5. Conclusion

It is concluded that air temperature is inversely associated with pre-
dialysis systolic and diastolic blood pressure in patients undergoing he-
modialysis treatment. The influence of temperature variation on systolic
blood pressure is greater than diastolic and the acute effect is greater than
the cumulative effect.
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