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Seasonal variation in meteorological parameters
and office, ambulatory and home blood pressure:
predicting factors and clinical implications

George S Stergiou1, Aikaterini Myrsilidi1, Anastasios Kollias1, Antonios Destounis1, Leonidas Roussias1 and
Petros Kalogeropoulos2

This study investigated the relationship between seasonal variations in blood pressure (BP) and the corresponding changes in

meteorological parameters and weather-induced patients’ discomfort. Hypertensives on stable treatment were assessed in

winter-1, summer and winter-2 with clinic (CBP), home (HBP) and 24-hour ambulatory BP (ABP). Discomfort indices derived

from temperature, humidity and atmospheric pressure that reflected subjects’ discomfort were evaluated. Symptomatic

orthostatic hypotension was assessed with a questionnaire. Sixty subjects (mean age 65.1±8.8 [s.d.], 39 men) were analyzed.

CBP, HBP and daytime ABP were lower in summer than in winter (Po0.01). Nighttime ABP was unchanged, which resulted in

a 55% higher proportion of non-dippers (Po0.001). All the discomfort indices that reflected weather-induced subjects’

discomfort were higher in summer (Po0.05) and systolic daytime ABP was o110mmHg in 15 subjects (25%). Seasonal

changes in temperature and the discomfort indices were correlated with BP changes (Po0.05). Multivariate analyses revealed

that winter BP levels, seasonal differences in temperature, female gender and the use of diuretics predicted the summer BP

decline. In conclusion, all aspects of the BP profile, except nighttime ABP, are reduced in summer, resulting in an increased

prevalence of non-dippers in summer with unknown consequences. Seasonal BP changes are influenced by changes in

meteorological parameters, anthropometric and treatment characteristics. Trials are urgently needed to evaluate the clinical

relevance of excessive BP decline in summer and management guidelines for practicing physicians should be developed.
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INTRODUCTION

The seasonal variation of blood pressure (BP) is a complex phenom-
enon that has attracted interest in clinical research and practice.1–16

Several studies, primarily retrospective or cross-sectional, reported
lower BP values during summer compared with winter, in both
normotensive and hypertensive patients in all age groups.1–16 The
elderly have been shown to exert larger seasonal BP variation,7,11,15

whereas other factors such as gender, body mass index (BMI) and
smoking status may interfere.11,12,14 Cardiovascular morbidity and
mortality is higher in winter than in summer, especially in the elderly,
and higher BP values in winter may contribute to this seasonal
pattern.17–20

In clinical practice, the summer decline in BP, particularly when
accompanied by symptoms suggesting orthostasis but also in the
absence of symptoms when systolic BP becomes too low, may lead
some physicians to down-titrate antihypertensive drug treatment.
Moreover, the widespread use of BP self-monitoring at home allows
patients to promptly identify the summer decline in BP, which often

becomes a reason of concern or causes treatment down-titration by
the patients themselves.
Current hypertension guidelines provide detailed recommendations

for the identification of uncontrolled hypertension and the optimal
strategy for up-titrating treatment to reach optimal BP control.21

However, although down-titration of treatment appears to be a
sensible and unavoidable action whenever there is a persistent and
excessive decline in BP attributed to any factor (summer decline or
other), there are no recommendations to doctors on the optimal
management of such cases. Unfortunately current guidelines do not
mention seasonal BP changes, although these changes are common
and often considerable, demanding action by the practicing physician.
This absence probably reflects a lack of interventional studies that
provide evidence on when and how intervention in these cases is
necessary and beneficial, although the phenomenon has been clearly
described in several studies.1–16

This study investigated seasonal BP changes assessed by clinic
(CBP), home (HBP) and ambulatory (ABP) measurements and the
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relationship of these changes to changes in several meteorological
parameters and weather-induced patients’ discomfort, in terms of
magnitude, predictors and clinical implications.

SUBJECTS AND METHODS

Subjects
This was a prospective study in adults who attended an outpatient hypertension
clinic. The following inclusion criteria were used: fully ambulatory subjects, age
440 years, treated for hypertension with stable antihypertensive drug treatment
(⩾8 weeks) and well-controlled hypertension (systolic HBP o130mmHg;
average ⩾ 12 measurements; validated oscillometric arm device with automated
memory). The following exclusion criteria were used: symptomatic heart
disease, cardiovascular or cerebrovascular event in the previous 3 months,
neurological disorders, serum creatinine 42mg dl− 1 and the use of loop
diuretics. The study protocol was approved by the hospital scientific committee
and signed informed consent was obtained from all participants.

BP measurements
Participants were evaluated during three consecutive seasonal periods: winter-1
(December 2009–March 2010); summer (June 2010–September 2010) and
winter-2 (December 2010–March 2011). CBP, HBP and ABP measurements
were assessed during each evaluation in all participants within 2 weeks.
The primary analysis included all participants who had complete data for

winter-1 and summer, and whose seasonal assessments were performed under
the same antihypertensive drug treatment. Any treatment changes during the
summer were performed after the summer BP evaluation, and treatment was
restored at least 4 weeks before the winter-2 evaluation.
CBP was evaluated with triplicate measurements in a single study visit (after

at least one pre-study visit) after 5min of sitting rest with at least 1 min
between measurements, using a standard mercury sphygmomanometer or a
validated professional oscillometric BP monitor (Microlife WatchBP Office)22

(inflatable bladder size according to the individual’s arm circumference) by
physicians who fulfilled the British Hypertension Society Protocol criteria for
observers’ agreement in BP measurement.23

HBP was monitored on 6 routine workdays within 2 weeks using validated
oscillometric arm devices (Microlife WatchBP Home with appropriate cuff size
to fit the individual’s arm circumference).24

Participants were trained in the conditions of HBP measurement and device
use, and they were instructed to perform duplicate morning (0600–0900 h,
before drug intake) and evening (1800–2100 h) measurements after a 5-min
sitting rest with 1min between readings. A form was supplied to the
participants to report their HBP values. These data were verified against
measurements downloaded from the device memory through a PC link. The
average value of all HBP measurements was used in the analyses.
ABP was monitored on a routine workday, before or after the HBP

monitoring session (according to the individual patient’s preference and device
availability), using validated oscillometric devices (Spacelabs 90207 or 90217,
Microlife WatchBP O3 or Meditech ABPM 04 and 05);25–28 measurements
were taken at 15–20min intervals for 24 h, using a cuff size that fitted the
individual’s arm circumference. The same type of ABP monitor was used for
each individual throughout the study. Patients were instructed to perform their
routine daily activities and remain still with their arm extended and relaxed
during each measurement.
Daytime ABP was defined as the average of measurements taken between

1000–1400 h and 1800–2000 h, and nighttime ABP was defined as the average
of measurements taken between 0100 and 0600 h. This approach was
performed to exclude the potential impact of the afternoon sleep (siesta),
which is particularly common in this country.29 Twenty subjects recorded
sleeping hours in their diary. Non-dipping was defined as a o10% nighttime
fall in systolic and/or diastolic ABP compared with daytime values.
Before each ABP or HBP monitoring session, the accuracy of each device was

tested against a standard mercury sphygmomanometer by manual activation
(three successive readings; Y connector) to ensure that there was no consistent
BP difference 410mmHg.
Symptoms suggestive of orthostatic hypotension were assessed simulta-

neously with each seasonal BP evaluation, using a questionnaire that was a

modified version of a validated orthostatic hypotension questionnaire.30 More
specifically, subjects were asked to report a frequency score from 0 to 4 (recall
period over the previous week) for each one of the following categories of
symptoms: (i) generalized weakness and tiredness; (ii) postural dizziness;
(iii) weakness in the upright position after awakening; (iv) problems with
vision (blurring, seeing spots, etc.); and (v) dizziness and weakness a few hours
after the intake of antihypertensive drugs (total score 0–20).

Meteorological parameters—discomfort indices
Data on meteorological parameters such as air temperature ([T], outdoor under
shadow), atmospheric pressure (P) and humidity, during each BP monitoring
period were obtained from the Hellinikon Meteorological Station of the
Hellenic National Meteorological Service in Athens (www.hnms.gr). Three
additional ‘discomfort indices’ were calculated using different meteorological
parameters that express the level of the individual’s discomfort due to the
weather conditions (Table 1). Index 1 includes T, wind velocity (V) and wet
bulb temperature (Tw).31 The latter expresses the lowest temperature that can
be reached by evaporating water into the air. Less evaporation occurs through
perspiration as Tw approaches T. Skin temperature may begin to rise as a result.
High V increases evaporation. Index 2 includes T and relative humidity (RH),
which is the ratio of the amount of water vapor actually in the air to the
maximum amount of water vapor required for saturation at that particular
temperature and atmospheric pressure.32 Less water evaporates through
perspiration with higher RH. Index 3 includes T, P and dew-point (Td), which
represents the temperature to which air would have to be cooled for water
saturation of the air to occur.33 The air saturation in water rises as Td
approaches T, and less evaporation occurs through perspiration.
Data for each of the above meteorological parameters were retrieved from

3 hourly synoptic observations for the purpose of this study. These parameters
were evaluated based on the dates of each BP monitoring session of each
individual and separately for each BP measurement method. For CBP
measurements, values of all meteorological parameters obtained at 0900,
1200 and 1500 h were averaged on the day of each clinic visit. For HBP
monitoring, average values of the meteorological parameters of all monitoring
days of each individual were calculated for each seasonal evaluation. For ABP
monitoring, the average value of each parameter measured from 0900 to 1800
on the first day (when the ABP monitor was fitted to the participant), and 0600

Table 1 Definitions of the meteorological indices reflecting weather-

induced discomfort

Index 1 Formula: 0.4× (T+Tw)+15

o75 Everyone feels comfortable

75–75.9 V42.2m/s: Sensitive groups start feeling discomfort

Vo2.2m/s: Half of the population feels mild discomfort

76–76.9 Sensitive groups feel discomfort

77–78.9 Everyone feels discomfort

478.9 Unbearable discomfort

Index 2 Formula: T–0.4× (T−10)× (1−RH/100)

o12.8 Cold

12.8–23.8 Chill-mild discomfort

23.9–26.6 Everyone feels comfortable

26.7–32.1 Sensitive groups start feeling discomfort

32.2–34.9 Everyone feels discomfort

434.9 Unbearable discomfort

Index 3 Formula: 0.243×T+0.037× P×Td ×0.75−2.803

o1 Very cold-uncomfortable

1–2.9 Chill-mild discomfort

3–4.9 Everyone feels comfortable

5–6.9 Hot-mild discomfort

46.9 Unbearable discomfort

Abbreviations: P, atmospheric pressure; RH, relative humidity; T, air temperature; Td, due point;
Tw, wet bulb temperature; V, wind velocity in m/s.
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to 1500 on the next day (when ABP recording was terminated) was calculated
to obtain daytime ABP period values. Nighttime ABP parameters were
calculated by averaging the data obtained from 2100 h on the first day (when
the monitor was fitted to patient) to 0600 h on the next day.

Statistical analysis
The Kolmogorov–Smirnov test was used to assess the normality of the
distribution of the study parameters. Normally distributed continuous variables
were described as a mean± s.d., and median (interquartile range) values were
used for non-parametric values. BP values exhibited a normal distribution;
thus, Student’s paired t-test was used for the seasonal comparison of BP
measurements in the same subjects, and unpaired t-test was used for
comparisons between different groups of participants. Non-parametric tests
(Wilcoxon, Mann–Whitney) were used for non-parametric variables. The chi-
square test was used to assess differences between categorical variables. Pearson
or Spearman bivariate correlation coefficients were used to examine the
association of seasonal changes in BP and meteorological parameters/discom-
fort indices. The following variables were used as independent variables in
stepwise multiple regression analysis of seasonal BP changes: gender, age, BMI,
diabetes mellitus, cardiovascular disease, number of antihypertensive drugs,
diuretic use, winter-1 systolic BP and winter-1 minus summer difference in
temperature and discomfort indices. The summer systolic BP decline (%)
(clinic, home and ambulatory) was the dependent variable. Normality of the
regression residuals and collinearity diagnostics were checked. Statistical
analysis was performed using SPSS 21 statistical software (SPSS, Chicago, IL,
USA). A probability value of Po0.05 was considered as statistically significant.

RESULTS

Participants’ characteristics
A total of 92 patients were recruited, and 32 patients were excluded
(12 without winter-1 HBP measurements, 8 without summer HBP
measurements, 2 without summer ABP monitoring, 3 with treatment
change before summer evaluation and 7 who dropped out). The
primary analysis included 60 subjects with complete BP data in
winter-1 and summer. There was no difference in the characteristics of
analyzed vs. excluded subjects, except for a trend for a higher
percentage of males in the analyzed group (Table 2). Twenty-one
subjects underwent treatment changes after the summer evaluation.
Four of these patients returned to their initial antihypertensive drug
therapy at least 4 weeks before the winter-2 evaluation, and these
patients were included in the secondary analysis along with patients
without treatment changes. Thirty-seven of the sixty subjects had
complete BP data in winter-2, and these patients were included in the
secondary analysis. There was no difference in the characteristics of the

subjects with data for both winters (n= 37) compared with subjects
with data only for winter-1 (n= 23) (data not shown).

BP levels
Table 3 shows the results of the primary analysis of CBP, HBP,
daytime and nighttime ABP in winter-1 compared with summer.
Seated CBP was reduced in summer by 7.0/1.9 mmHg (systolic/
diastolic), as well as erect systolic CBP, whereas erect diastolic BP
increased (3.6/− 3.5 mmHg, respectively, Po0.05/o0.001). Average
HBP was reduced by 4.9/2.9 mmHg, and daytime ABP was reduced
by 6.6/3.5 mmHg (Table 3). However, there was no significant change
in nighttime ABP (−1.2 /− 0.3mmHg) (Table 3). Heart rate (assessed
by radial artery palpation by the physician during clinic visits and
automated home and ambulatory BP monitoring during out-of-office
assessments) did not differ between seasons. Available data from 20
subjects on exact sleeping time during ABP monitoring revealed a
trend toward shorter sleep duration during summer compared with
winter-1 (442.5± 87 vs. 471.2± 96.6min, respectively, P= 0.12).
The secondary analysis (n= 37) revealed a similar summer BP

decline as the primary analysis, with a complete reversal in winter-2 to
the same levels as winter-1 (Figure 1). The proportion of subjects
classified as non-dippers increased in summer by 55% compared with
winter-1 (85 and 55%, respectively, Po0.001, Figure 2).

Orthostatic hypotension and weather-induced subjects’ discomfort
Fifteen subjects (25%) exhibited systolic daytime ABP o110mmHg in
the summer evaluation. Thirteen subjects exhibited an increase in
orthostatic symptoms score ⩾ 3 points, suggestive of orthostatic
hypotension. Their absolute summer BP decline (compared with
winter-1) was 11.1± 11.5mmHg compared with 5.3± 9.1mmHg in
the remaining 47 subjects (P= 0.06). Orthostatic hypotension symp-
toms were more frequent in summer compared with winter-1
[2.0 (3.0) vs. 2.0 (6.0), respectively, Po0.01]. Women exhibited more
frequent symptoms in the summer evaluation than men [3.0 (7.0) vs.
1.0 (4.5), respectively, Po0.05]. A stepwise multivariate regression
analysis with age, BMI, gender, summer systolic CBP, HBP and
daytime ABP, history of diabetes or cardiovascular disease and all of
the antihypertensive drug categories as independent variables demon-
strated that the summer orthostatic hypotension symptoms score was
determined (R2= 0.22) by female gender (beta coefficient± s.e.:
2.14± 0.86) and the intake of alpha-blockers (6.35± 2.09). All dis-
comfort indices (1–3) reflective of weather-induced subjects’ discom-
fort had higher values in summer compared with winter-1 (Table 3).

Subgroup analyses
Supplementary Table 1 presents the differences in CBP and orthostatic
hypotension symptoms between winter-1 and summer according to
gender, age, BMI and the presence/absence of treatment with diuretics.
Women and subjects on diuretics had the largest summer decline in
seated systolic CBP, and a similar trend was observed for subjects aged
470 years (Supplementary Table 1). The summer decline in erect
systolic CBP was also larger in women and subjects on diuretics
(Supplementary Table 1).

BP changes and meteorological parameters
The following average temperatures were recorded in Athens for the
months analyzed in the study: 2009: December 14.3; 2010: January
11.0, February 12.9, March 13.9, June 26.1, July 29.6, August 31.0,
September 25.1, December 13.8; 2011: January 10.6, February 11.1
and March 12.1 (°C). The seasonal change (winter-1 vs. summer) in
systolic/diastolic daytime ABP was inversely correlated with the

Table 2 Participants’ characteristics (mean± s.d.)

Participants’ characteristics Analyzed Excluded P for difference

Number 60 32

Age (years) 65.1±8.8 63.2±9.1 0.36

Men (%) 39 (65) 14 (44) 0.05

Body mass index (kgm−2) 28.3±5.6 28.3±4.2 0.99

Number of antihypertensive drugs 2.3±1.1 2.5±0.9 0.38

Use of diuretics (%) 33 (55) 20 (63) 0.49

Use of renin-angiotensin system

blockers (%)

54 (90) 31 (97) 0.21

Use of calcium channel blockers (%) 26 (43) 18 (56) 0.24

Use of β-blockers (%) 18 (30) 6 (19) 0.23

Use of α-blockers (%) 2 (3) 0 (0) 0.30

Cardiovascular disease history (%) 13 (22) 5 (19) 0.48

Diabetes type-2 (%) 6 (10) 3 (9) 0.92
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respective change in temperature (r=− 0.34/− 0.21), index 1 (−0.36/
− 0.23), index 2 (−0.36/− 0.23) and index 3 (−0.29/− 0.20) (all P
o0.05). Figure 3 shows the associations for systolic daytime ABP.
Multivariate analysis revealed that the summer BP decline was
determined by winter-1 BP levels (for daytime ABP, CBP), seasonal

differences in temperature (daytime ABP), female gender (HBP) and
diuretic use (CBP) (Table 4).

DISCUSSION

This prospective study investigated seasonal BP changes assessed
by clinic, home and 24-h ambulatory measurements in treated
hypertensives in relation to changes in meteorological parameters
and weather-induced patients’ discomfort.

Table 3 Changes in clinic, home, daytime and nighttime ambulatory blood pressure and meteorological parameters from winter-1 to summer

(n=63, mean± s.d.)

Evaluation Parameter Winter-1 Summer Difference (95% CI) P-value

Clinic Systolic BP (mmHg) 128.8±12.8 121.8±13.7 7.0±11.5 (4.0,10.0) **

Diastolic BP (mmHg) 77.0±7.9 75.1±8.8 1.9±6.4 (0.2,3.5) **

Atmospheric pressure (mbar) 1014.7±9.1 1011.5±2.6 3.1±9.4 (0.7,5.6) *

Temperature (°C) 12.4±3.6 28.1±3.2 −15.7±4.5 (−16.9,−14.5) **

Index 1 53.5±10.9 75.6±3.5 −22.1±11.7 (−25.1,−19.0) **

Index 2 12.0±3.1 24.5±2.2 −12.4±3.6 (−13.4,−11.5) **

Index 3 0.5±1.0 4.5±0.8 −4.1±1.2 (−4.4,−3.8) **

Home Systolic BP (mmHg) 124.1±7.4 119.2±8.2 4.9±6.1 (3.3,6.5) **

Diastolic BP (mmHg) 74.3±6.8 71.5±6.6 2.9±4.1 (1.8,3.9) **

Atmospheric pressure (mbar) 1012.3±3.7 1011.0±1.7 1.3±4.3 (0.2,2.4) **

Temperature (°C) 12.8±2.4 26.1±2.6 −13.3±3.5 (−14.1,−12.4) **

Index 1 57.2±3.3 73.8±3.0 −16.6±4.3 (−17.8,−15.5) **

Index 2 14.5±2.1 23.3±1.9 −10.8±2.8 (−11.6,−10.1) **

Index 3 0.6±0.6 4.1±0.7 −3.5±0.9 (−3.7,−3.2) **

Daytime Systolic BP (mmHg) 124.1±9.8 117.5±9.6 6.6±10.0 (4.0,9.1) **

Diastolic BP (mmHg) 75.2±7.5 71.7±6.5 3.5±5.2 (2.2,5.0) **

Atmospheric pressure (mbar) 1013.4±7.7 1008.8±18.3 4.6±20.3 (−0.6,9.7) NS

Temperature (°C) 11.9±3.2 27.5±3.2 −15.6±4.4 (−16.7,−14.4) **

Index 1 55.9±4.8 75.2±4.0 −7.1±8.1 (−9.2,−5.0) **

Index 2 11.7±2.8 24.1±2.6 −12.4±3.8 (−13.4,−11.5) **

Index 3 0.4±0.8 4.3±1.7 −3.9±1.9 (−4.4,−3.4) **

Nighttime Systolic BP (mmHg) 106.7±10.6 108.0±12.2 −1.2±9.8 (−3.8,1.3) NS

Diastolic BP (mmHg) 62.0±7.6 62.3±7.8 −0.3±6.2 (−2.0,1.3) NS

Atmospheric pressure (mbar) 1013.8±7.7 1011.1±2.8 2.7±8.7 (0.5,5.0) **

Temperature (°C) 10.6±3.3 24.4±2.6 −13.8±4.1 (−14.8,−12.8) **

Index 1 56.0±4.6 72.2±3.3 −16.3±5.4 (−17.6,−15.0) **

Index 2 11.7±2.8 22.3±2.1 −10.6±3.3 (−11.4,−9.7) **

Index 3 0.1±0.9 3.7±0.7 −3.6±1.1 (−4.0,−3.3) **

Abbreviations: BP, blood pressure; CI, confidence intervals; NS, non-significant. Indices 1–3; Discomfort indices reflecting weather-induced discomfort (definitions in Table 1). *Po0.05; **Po0.01.
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The following primary findings were observed in treated hyperten-
sives: (i) all BP measurements were lower in summer, except night-
time ABP; (ii) these changes resulted in a higher prevalence of non-
dippers in summer by 55% compared with winter; (iii) the summer
BP decline was closely associated with changes in meteorological
parameters reflective of weather-induced patients’ discomfort; (iv) old
age, female gender and treatment with diuretics seemed to enhance the
seasonal BP changes; and (v) large systolic BP decline during the
summer that mandated treatment adjustment was not uncommon.
Although the seasonal BP changes have been recognized and

reported in several previous studies,1–16 the present study has several
methodological strengths: (i) the same individuals were included in all
seasonal assessments; (ii) a second winter evaluation was performed to
demonstrate a reversal of the summer changes and the reproducibility
of the phenomenon, as well as to exclude an ‘order’ effect; (iii) all

participants were treated for hypertension, and the seasonal changes
were evaluated under the same antihypertensive drug treatment; (iv) a
complete assessment of the BP profile was obtained using CBP, HBP
and daytime and nighttime ABP measurements in all subjects; and
(v) evaluations of several meteorological parameters and indices of
weather-induced patients’ discomfort were performed simultaneously
with BP evaluations.
The present study demonstrated seasonal variation in all aspects of

the BP profile, with higher values in winter, except nighttime ABP,
which remained unchanged. Seasonal BP changes in all BP monitoring
methods occurred in a fairly similar range, which is reassuring for the
clinical relevance of these findings. Although ABP might be expected
to be more suitable method for the identification of seasonal BP
changes, both CBP and HBP appear to be able to identify this
phenomenon to a similar degree. These results are consistent with
reports from previous studies.2,3

To our knowledge, this is the first study to examine the relationship
between seasonal changes in BP and composite discomfort indices
other than temperature. Significant associations were observed
between the seasonal change in daytime ABP and the change in
several discomfort indices, which considered humidity and atmo-
spheric pressure and reflected weather-induced subjects’ discomfort.
All of these indices were higher in summer, which confirmed the
expected weather-induced discomfort.
The different behavior of nighttime BP compared with all other BP

measurements is a rather tricky finding. This result may be explained
by the fact that people tend to maintain a more stable in-bed
temperature during nighttime sleep that is rather similar in winter
and summer (depending on the bed covers used and the body
temperature). Discomfort during sleep due to high temperatures in
summer leads to more fragmental sleep with more frequent arousals,
which may also have a role. Indeed, this study revealed a trend toward
shorter sleep duration during summer compared with winter. The
decline in daytime, but not nighttime, BP in summer resulted in a
more flat diurnal BP pattern with attenuation of the nocturnal dip.
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Figure 3 Correlations between seasonal changes in systolic daytime ambulatory blood pressure and meteorological parameters (winter-1 vs. summer).

Table 4 Multivariate regression analysis for identifying variables

determining the summer systolic blood pressure decline

(beta coefficients ± s.e.)

Clinic Home

Daytime

ambulatory

Dependent variable
Difference (%) winter-1 minus

summer BP

R2 0.18 R2 0.16 R2 0.27

Independent variable
Gender (0 male; 1 female) — 3.49±1.26 —

Use of diuretics 4.77±2.19 — —

Winter-1 systolic BP 0.24±0.09 — 0.31±0.09

Difference winter-1 minus

summer average daytime

temperature

— — −0.65±0.21
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The absence of seasonal variability in nighttime ABP contrasts
previous studies that demonstrated a rise in nighttime BP during
summer.15,16 However, the cross-sectional design in previous studies
using different subjects in different seasons, and the fact that the
participants could have used an uncontrolled down-titration of
treatment in summer, may partially explain the nighttime BP
rise.15,16 Another prospective study in 50 hypertensives reported no
seasonal change in nighttime ABP in winter and summer,2 which is
consistent with the present study results. All of the studies agree that
summer nighttime BP does not drop, in contrast to daytime BP, which
inevitably leads to an increased proportion of non-dippers in summer.
This study demonstrated that large and clinically relevant BP

declines during summer (systolic daytime ABP o110mmHg) appear
to be common (25%) and should not be ignored. The cutoff value of
systolic BP o110mmHg is somewhat arbitrary, but previous studies
have demonstrated that this level is more clinically relevant in defining
hypotension and hypoperfusion.34 This cutoff is a practical problem
for clinicians, and there are no guidelines for optimal management
because of a lack of evidence from relevant interventional studies.
However, inferential reasoning suggests that a down-titration of
treatment should be considered in summer, at least in subjects with
excessive BP decline associated with symptomatic orthostasis. Further-
more, reductions in treatment may be sensible in patients with average
systolic daytime ABP o110mmHg, despite the absence of relevant
guidelines, particularly in the elderly. In other words, a down-titration
of treatment should have been considered in as many as 25% of the
present study participants, thus presenting a major clinical issue. This
issue is timely and becomes even more important considering the
recent more conservative hypertension guidelines regarding the BP
goal to be achieved with treatment.21 Notably, the current recom-
mendations for treatment-induced BP reduction are even more
conservative in the elderly, who appear to have the additional problem
of experiencing a larger BP decline in summer than younger
hypertensives.21

Although seasonal BP changes have been described in previous
studies,1–16 the mechanisms regarding the effects of meteorological
parameters are not fully understood. One study in 20 hypertensives
suggested that increased sympathetic nervous activity (assessed by
norepinephrine excretion and plasma norepinephrine concentration)
and increased kidney load of sodium (assessed by urinary sodium)
may be contributing factors to the rise in BP in winter in patients with
essential hypertension.35

Moreover, the present study suggests that other parameters, beyond
meteorological ones, such as anthropometric (female gender, older
age) and antihypertensive treatment characteristics (use of diuretics),
may predict an exaggerated summer BP decline. However, there was
inconsistency in the variables that appeared to influence the seasonal
BP difference depending on the BP monitoring method (Table 4).
This result may be attributed to the fact that each BP monitoring
method is influenced by different parameters and provides different
information on the BP profile and behavior. For example, CBP was
performed in the morning, which is only a few hours after the
morning antihypertensive drug intake, and therefore, it better demon-
strates the peak effect of the treatment. HBP was performed under
steady indoor conditions across several days, thus providing informa-
tion of the trough drug effect in the morning and the plateau of the
effect in the evening. Daytime ABP incorporates the effects of daily
activity, which may be more affected by the outdoor climate
conditions. These differences might explain, at least in part, the
predictive value of the use of diuretics in the seasonal change of CBP
and the higher R2 of the regression model for ABP. Previous studies

have also suggested that parameters, such as gender, BMI and smoking
status, may interfere with the seasonal BP variation, but these findings
have not been consistent.11,12,14 It also appears that the seasonal BP
variation is a complex phenomenon that is determined not only by
environmental parameters but also by personal characteristics of
individual subjects. Larger studies with subgroup analyses are required
to determine subgroups of the population who are at high risk of
clinically important summer BP decline that require intervention.
The present findings should be interpreted in light of some

limitations. First, the study sample size was probably small to provide
reliable subgroup analyses. Second, indoor temperature and the use of
heating or air-conditioning were not taken into account. These results
were obtained in a single city in the Mediterranean area, and seasonal
changes in other climatic conditions may yield different findings.
Previous studies have demonstrated that the correlation between
indoor and outdoor temperature in warm climates appears
to be higher than in cold climates (for outdoor temperature range
9.8–27.7 °C; r= 0.84 and for − 3.4–9.7 °C; r= 0.28).36 The average
temperature for both winter seasons was approximately 12.5 °C in this
study compared with 28 °C in the summer. Therefore, it may be
argued that the lack of information on indoor temperature in the
present study may have not considerably affected the findings. These
findings apply to treated hypertensives only, and the results might
differ in untreated subjects or subjects of other races or ages. Notably,
this study used 4 months as the definition of winter (December–
March) and summer (June–September) season. This timeframe
allowed for a slight increase in our recruitment, and it was based on
meteorological data that exhibited few differences in the average
temperature of the ‘additional months’ compared with the respective
season.
In conclusion, seasonal variation affected all aspects of the BP

profile, except nighttime BP, which was not changed. Therefore, there
is a considerable increase in non-dippers in summer, but the
consequences of this increase are not known. The seasonal BP changes
were affected by changes in meteorological parameters, and anthro-
pometric and antihypertensive treatment characteristics. Excessive BP
decline in summer is not uncommon, and this decline deserves further
investigation. There is an urgent need for controlled trials to evaluate
the clinical relevance of excessive BP decline in summer and the
development of management guidelines for practicing physicians on
the optimal management of such cases.
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