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Abstract
Long-term blood pressure variations contribute to an increased risk of cardiovascular events during cold season, requiring
personalized management of antihypertensive medications in a single patient, and can influence the results of clinical trials
and epidemiological surveys in population studies. In addition to blood pressure values, which guide the stratification of
cardiovascular risk, other cardiovascular risk factor levels also tend to be higher in the winter months and lower in the
summer months. The resultant estimation of individual cardiovascular risk may thus vary depending on the season. At the
patient level, only a low value in the winter should thus be considered a true measure of low cardiovascular risk, whereas
low values measured in the summer do not indicate a low risk in the winter. Likewise, estimations of cardiovascular risk in
population studies may vary according to the period of the year. Efforts should thus be directed at considering the potential
influence of seasonal variations in establishing “normal” and “high-risk” assessment at both the patient and population
levels, integrating such data into clinical practice.

Introduction

Both physicians and patients are aware of seasonal fluc-
tuations in blood pressure (BP). In clinical practice, it is not
uncommon to find patients with mild hypertension requiring
pharmacological treatment only in the winter, whereas in
the summer, they can suspend or reduce drug intake.
However, despite documented observations on the clinical
influence of seasonality, the importance of environmental
variations is often neglected.

Although the influence of temperature on BP has been
known since the 1920s, the lowering of BP in the summer
was first described in 1961 by Rose [1] in a small cohort of
56 men observed for 1–3 years at a clinic for ischemic heart
disease. In the UK Heart Disease Prevention Project [2], an
inverse relationship between diastolic pressure and the
temperature of the room in which BP measurements were
made was observed. In the same study, standardization of
room temperature largely removed the seasonal effect [2];

thus, the importance of standardized room temperature in
hypertension clinics became evident. The importance of
considering seasonality in controlled clinical trials became
evident with the Medical Research Council (MRC) treat-
ment trial [3], where over 17,000 men and women (aged 35
to 64 years) with diastolic blood pressures (DBP) of 90 to
109 mmHg were recruited, randomized to placebo, bend-
rofluazide, and propranolol. During the 5-year follow-up,
seasonality was found to be associated with larger BP
variations than those induced by drugs, although most of the
measurements were made in comfortably warm rooms [3],
changes being more evident in older people. More pre-
cisely, in men aged 55–64 years, office systolic BP (SBP)
was 6–7mmHg higher and DBP was 3–4mmHg higher on
winter days than on summer days; in men aged 35–44 years,
the comparable figures were increases of 2–4 mmHg SBP
and 2–3 mmHg DBP. Similar changes were observed in
women, with greater changes in thinner people than in more
obese ones [3]. These changes were only attenuated by
compliance with guidelines that constantly recommended
the importance of a standardized room temperature in
hypertension clinics because even when the standards for
BP measurement were met, seasonal variations continued to
be evident. A similar range of seasonal SBP variation
(between 5 mmHg and 7 mmHg) was seen in the temperate
climates of Japan, Great Britain, Minnesota, Austria, Italy,
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and Pennsylvania [4–6]. Seasonal BP disparities were also
studied in subtropical areas. In India, normotensive women
aged 18 to 40 and living in Delhi had BPs values
11.07⁄6.79 mmHg higher in the winter than in the summer
[7]. Hypertensive Israeli patients aged 65 to 91 years had on
average BPs of 165⁄90 mmHg in the winter compared with
134⁄74 mmHg in the summer [8]. In Mosul, Iraq, the mean
summer BP for hypertensive patients was 130.6⁄85 mmHg
compared with 147.6⁄94.1 mmHg for the same patients
during the winter [9]. In the 2051 subjects enrolled in the
Pressione Arteriose Monitorate E Loro Associazioni
(PAMELA) study, seasonal BP changes were also
observed for home and ambulatory BP (ABP) (average
24 h) [10].

In addition, a reduced intensity in ultraviolet light during
the winter might also reduce epidermal photosynthesis of
vitamin D3 and parathyroid hormone, which was shown in
turn to be associated with elevated BP levels [11]. Seasonal
variation in many behavioral factors, such as diet [12–15] or
physical activity (amplitude, type, and intensity of activity
increasing in summer), were also observed [16–18]. The
possible influence of sodium and potassium consumption
on seasonal BP patterns has been recently investigated [19].
The maximum impact of seasonal variation in sodium
consumption on SBP ranged from 0.4 to 1.1 mmHg,
depending on the model considered. These variations do not
explain the seasonal variations in BP levels [19]. The
independent role of temperature in seasonal variations must
therefore be carefully considered.

Seasonal BP variations: does temperature have an
independent role?

Much of the discussion on the winter season increase in BP
has been centered on the role of temperature. As the tem-
perature falls, blood vessels constrict, which leads to
increased resistance in the peripheral circulation and an
increase in blood pressure. Cold pressor responses are age
related; younger patients were reported to exhibit a greater
increase in peripheral vascular resistance, whereas older
patients exhibited a greater increase in cardiac output [4]. In
the French Three-City study, where the relationship
between office BP measured according to current guidelines
and outdoor temperatures obtained from local meteor-
ological office was prospectively investigated in 8801 par-
ticipants over the age of 65 years, BP decreased by 8.0 mm
Hg between the lowest ( < 7.9 °C) and the highest (21.2 °C)
temperatures [20]. These relationships were independent of
anthropometric data and baseline BP values and were rather
related to subject age. BP changes were greater in subjects
80 years or older than in younger participants. A negative
relationship between outdoor temperature and BP values
was consistently observed [21].

The possible influence of temperature in estimating
hypertension prevalence in an epidemiological survey was
specifically assessed in a large population study performed
in Yemen on 12,000 people aged 15 to 69 years [22]. The
varied Yemen topography corresponds to widespread cli-
mate changes, with a temperate climate in the highlands and
high temperatures in the coastal region. In the HYDY study,
the air temperature measured indoors during BP measure-
ment was negatively associated with hypertension pre-
valence, and each 1 °C temperature increase was associated
with a 0.2% significant reduction of hypertension pre-
valence with an odds ratio of 0.98 (95% confidence interval
(Cl) 0.96 to 0.99) in logistic regression analyses adjusted for
age, gender, education, and average air temperature at the
two survey visits [22]. Importantly, the geographic dis-
tribution of hypertension burden follows an opposite trend
than the average air temperature measured during home
visits, as hypertension prevalence was higher at the coast
(with an average temperature of 28.3 °C; 95% CI 28.1 to
28.4 °C) than in the highlands (average temperature of 22.0
°C; 95% CI 21.9 to 22.1 °C). Air temperature may thus only
modulate the contribution of other factors, with a limited
but significant final effect. The inclusion of indoor tem-
perature among data collected in epidemiological surveys
should thus be considered. The importance of room tem-
perature on the variation of home blood pressure was shown
in a recent study that analyzed 87,535 morning and evening
BP readings acquired through a long-term cohort study
performed in 106 subjects living in a rural community in
northern Japan [23]. More precisely, outside temperature
showed a greater summer–winter difference than room
temperature; however, room temperature showed a larger
variation within a month compared with outside tempera-
ture, which was likely due in part to differences in the usage
of heating and air conditioning among subjects [23]. These
studies stress the importance of “Internet of Things” tech-
nology with network-embedded blood pressure monitors
and thermostats for better future management of hyperten-
sion [23].

Associations of SBP with seasons and indoor and out-
door temperatures and interactions with sex and short-term
temperature trends and body mass index (BMI) were
investigated in 25 populations in 16 countries from the
World Health Organization MONICA (monitoring trends
and determinants in cardiovascular disease) project risk
factor surveys covering the years 1979–1997 in which the
measurements were reasonably spread throughout the year
[24]. Season had a significant effect on SBP, with a mean
BP increase of 2.06 mmHg (95% posterior interval (PI)
1.05 to 3.08 mmHg) midwinter (compared with mid-
summer). However, the effects of the winter season dis-
appeared after controlling for outdoor temperature,
suggesting that a major component of the seasonal change
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in BP was the direct result of temperature. The mean effect
of outdoor temperature was smaller than that of indoor
temperature because for each 1 °C increase in outdoor and
indoor temperature, SBP fell by 0.31 mmHg (95% PI:
–0.44 to –0.19 mmHg) and 0.19 mmHg (95% PI: –0.26 to
–0.11 mmHg), respectively. However, the effect of outdoor
temperature remained after controlling for indoor tempera-
ture, as a 1 °C increase in outdoor temperature reduced BP
values by 0.14 mmHg (95% Cl −0.23 to −0.05, adjusted
for indoor temperature). In most populations, increases in
short-term temperature trends were associated with lower
blood pressure, and in 3 of the 18 populations, this asso-
ciation was statistically significant [24].

A different line of evidence seems to indicate that an
effect of seasonality independent of temperature may exist.

In the PAMELA study, seasonal changes in BP were less
pronounced when average 24-h ambulatory pressures were
compared to office measurements [4]. Records of daily
home BP measurements also enable the capture of long-
term factors, such as seasonal variation [25]. During the
summer, the reduction in daytime BP values is indeed
associated with a significant increase in nighttime BP
values, resulting in an increased prevalence of non-dippers
in the summer [26–29]. In conclusion, all aspects of the BP
profile, except for nighttime ABP, are reduced in the sum-
mer, resulting in an increased prevalence of non-dippers in
the summer with unknown consequences [28]. Conversely,
the acute onset of a cold weather front is followed within
2 days by a concordant increase of 24 h, daytime, and
nighttime ambulatory BP [30]. These observations suggest
that an independent effect of seasonality can be evident on
nighttime BP.

A recent study [31] was specifically performed to dis-
entangle the effects of temperature on BP from those of
seasonality. The number of hours between sunrise and
sunset was indeed included in multiple regression analysis
as a continuous measure of seasonality. The study for the
first time provided evidence that daytime SBP was inde-
pendently affected by air temperature, whereas nighttime
SBP and morning BP surge were mainly affected by sea-
sonality [31]. The direct effect of temperature on 24 h SBP
was evident in subjects aged more than 65 years, thus
indicating that temperature-associated 24 h ambulatory BP
change is more pronounced with aging (Table 1) [31].
Nighttime BP thus seems to be mainly related with sea-
sonality, with temperature mainly affecting daytime BP
values.

Therefore, BP assessment in a single patient might yield
different results when performed in hot months (summer) or
cold months (winter). Likewise, estimations in population
studies may vary according to the time of year [21]. On the
other hand, a non-random distribution of enrollments over
the year can bias the results of clinical trials aimed at
assessing the antihypertensive effect of a drug and the
findings of epidemiological surveys aimed at assessing
hypertension burden.

Implications for cardiovascular risk stratification

BP assessment in a single patient might thus give different
results when performed in hot months (summer) or cold
months (winter). The influence of seasonality and other
environmental factors on arterial stiffness and wave reflec-
tion has been recently analyzed [32]. Daily number of hours
of light was found to independently affect the measurements
of carotid–femoral pulse wave velocity in hypertensive
patients, with the association being stronger in women and

Table 1 Independent predictors of systolic blood pressure at
multivariate linear regression analysis

Systolic BP Variables B 95% Cl p=

Lower Upper

Daytime

Daytime heart rate
(bpm)

0.03 0.01 0.06 0.003

Daytime relative
humidity (%)

0.00 −0.02 0.02 0.714

Daytime AP (hPa) 0.00 −0.04 0.04 0.966

Daylight (h) −0.05 −0.21 0.11 0.531

Day time PET (°C) −0.14 −0.25 −0.02 0.023

multiple r= 0.914; n= 1802

Nighttime

Night time heart rate
(bpm)

0.15 0.09 0.21 0.001

Nighttime relative
humidity (%)

0.03 −0.01 0.08 0.150

Nighttime AP (hPa) −0.01 −0.09 0.06 0.718

Daylight (h) 0.63 0.37 0.90 0.001

Night time PET (°C) −0.01 −0.12 0.11 0.931

multiple r= 0.668; n= 1787

Morning
surge

24-hour heart rate
(bpm)

−0.05 −0.11 0.02 0.148

24-hour relative
humidity (%)

−0.01 −0.06 0.04 0.690

24-hour AP (hPa) 0.04 −0.05 0.12 0.381

Daylight (h) −0.54 −0.87 −0.21 0.001

Δ PET (°C) 0.01 −0.13 0.15 0.892

multiple r= 0.473; n= 1700

PET= personal-level environmental temperature; AP= atmospheric
pressure. Δ PET=morning PET minus the lowest nigh-time PET.
Data are adjusted for office SBP, age, gender, BMI, drug treatment.
Adapted from [30]

Seasonal blood pressure variation: implications for cardiovascular risk stratification 477



in untreated patients than in men or treated patients,
respectively [32].

According to cross-sectional data from 24 population-
based studies from 15 countries with a total sample size of
237,979 subjects, seasonal BP changes are also associated
with changes in other cardiovascular (CV) risk factor levels
(plasma high-density lipoprotein (HDL), low-density lipo-
protein (LDL), glucose, and BMI), which also tended to be
higher in the winter months and lower in the summer months
[33]. In the Northern Hemisphere, estimated seasonal varia-
tions were 0.26 kg/m2 for BMI, 0.6 cm for waist cir-
cumference, 2.9 mmHg for SBP, 1.4 mmHg for DBP, 0.02
mmol/L for triglycerides, 0.10mmol/L for total cholesterol,
0.01mmol/L for HDL cholesterol, 0.11mmol/L for LDL
cholesterol, and 0.07mmol/L for glycemia, which are similar
seasonal variations found in the Southern Hemisphere [33].
Statistically significant seasonal rhythms were detected for
plasma glucose, triacylglycerides, free fatty acids, free cho-
lesterol and esterified cholesterol, cholesterol in LDLs, cho-
lesterol in HDLs, phospholipids, and lipase activities in a
cohort of 245 healthy students between 18 and 25 years old,
with most of these values peaking in the winter season [34].

The seasonality and effects of temperature on levels of
fasting plasma glucose were also investigated in China
among 49,417 participants who had three health examina-
tions [35], and fasting plasma glucose levels were found to
be higher in the winter and spring than in the autumn and
summer [35]. Seasonal variation of hemoglobin A1c
(HbA1c) was investigated in a hospital-based adult popu-
lation over a period of 5 years and included 62,384 HbA1c
valid measurements [36]. The peak level was found in
January–February (7.1%), a trough was observed in
August–October (6.8%), and an average peak-to-trough
amplitude value of 0.3% was determined. This trend was
observed in in the evaluated genders and age subgroups
[36]. Therefore, seasonality in the population average blood
glucose levels presumably reflects a general periodic ten-
dency in individuals for winter glucose levels to be higher
than summer levels [37]. A different pattern with a peak in
the summer was reported for the diagnosis of gestational
diabetes mellitus [38, 39].

Seasonal variation in the prevalence rates of metabolic
syndrome was also recently prospectively studied in a
cohort of 758 Japanese male workers (40–65 years of age)
who underwent the homeostasis model assessment of
insulin resistance in the summer and winter of 2010 [40].
Metabolic syndrome, defined according to the criteria pro-
posed by the International Diabetes Federation and the
Japanese Society of Internal Medicine, significantly
increased from 12.4 and 9.6% in the summer to 16.6 and
13.3% in the winter [40].

These findings indicate that besides blood pressure,
plasma HDL, LDL, and glucose are also slightly higher in

the winter than in the summer, and it has been reported that
more patients on statin therapy achieve their target LDL
level in the summer than in the winter, suggesting that
plasma lipoprotein metabolism in humans may be regulated
by the seasons [41]. Attention towards the environmental
determinants of cardiovascular disease is growing [42]
because the resultant estimation of individual CV risk may
vary depending on the season. More precisely, at the patient
level, only a low value in the winter should thus be con-
sidered a true low risk, whereas low values measured in
summer do not indicate a low risk in the winter.

In common clinical practice, it is not usual to observe
patients requiring seasonal changes in antihypertensive drug
treatment. Seasonal adaptation of antihypertensive drugs is
not specifically considered in hypertension guidelines
because treatment targets are defined by BP values. How-
ever, this absence probably also reflects a lack of inter-
ventional studies that provide evidence as to when and how
intervention in these cases is necessary and beneficial.
However, in daily clinical practice, physicians often face
with the effects of warm temperature, which may cause a
reduction in BP during the summer with the potential
implication of falls or acute renal failure, especially in the
elderly. Coupled with reduced fluid intake, there is a
decrease in total body water with advancing age. The
independent association between BP increase at nighttime
and seasonality in the elderly [31] might remain against this
simplistic position. Likewise, the daily number of hours of
light and age independently affect the measurements of
PWV in hypertensive patients, with stronger associations in
women and untreated patients than in their counterparts
[32]. Because of their low water reserves, the elderly are
encouraged to learn to drink regularly when they are not
thirsty and to moderately increase their salt intake when
they sweat [43]. “Pusher” advertisements from the media
suggest that drinking water to avoid more urine exerts
favorable effects on the kidney can be received more
favorably by older patients, even with those with heart
failure, than the risk advice provided by physicians [44].
The large majority of experimental studies are confined to
short-term (up to few days) exposition of aged subjects to
high temperature, whereas no information is available on
blood volume adaptation in the long term. It might thus be
hypothesized that blood volume adaptation, resulting in
increased BP at nighttime, might occur in the long term.
This response might be modulated between the spring and
summer because night BP levels are the highest in the
spring; however, the daily hours of light is at its highest
level in the summer.

At the population level, CV risk estimation plays a key
role in the efficient allocation of health resources [45] and
in planning improvements in the quality of housing [46].
The increase in mortality was reported to be 1% per 1 °C
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fall in temperature [47]. Daily event rates of myocardial
infarction were observed to be significantly increased with
daily mean air temperature decrease, and a 10 °C decrease
was associated with a 19% increase in daily event rates for
people older than 65 years [48, 49]. According to a recent
meta-analysis, the incidence of aortic dissection is sig-
nificantly more frequent in the winter (28.2%) than in other
seasons, and the incidence is significantly less frequent in
the summer (20.6%) than in other seasons (winter>spring ≈
autumn>summer) [50]. Likewise, the seasons influence the
occurrence of aneurysmal subarachnoid hemorrhage, with
aneurysmal subarachnoid hemorrhage occurring less often
in the summer than in the winter and most often in January
[51]. Cross-sectional and observation surveys indicate that
health interventions targeted at better protection against
cold weather (e.g., improved home heating and reduced
exposition to cold climate) may be particularly effective in
the elderly [43, 48, 52]. In the reanalysis of BP data col-
lected within the WHO MONICA Project, the random
effects that seasons had on BP were latitude dependent
(regression slope: –0.17, 95% confidence interval: –0.27 to
–0.09), being lower for countries with colder climates and
higher for countries with warmer climates [24]. Con-
versely, no association between the estimated amplitude of
seasonal BP variations and latitude was observed by Marti-
Soler et al. [33]. The number of populations and countries
included in the two studies are comparable; the model
adopted to estimate seasonal BP variations is also similar.
Nevertheless, a large majority of studies included by Marti-
Soler et al. [33] were performed after 1997 (only 8 out of
the 23 studies were started before 1997), whereas the col-
lection period of the studies included by Barnett et al. [24]
ranged from 1979 to 1997. Implications for low-income
countries can hardly be drawn because of the limited
number of studies carried out in the Southern Hemisphere
and because of the absence of studies investigating popu-
lations from Asia, Africa, and South America. When
focusing our attention on Europe, it is to be considered
that a temperature series in the United Kingdom has
exhibited an increase of approximately 0.8 °C over
the past two or three decades. In England and Wales, the
association of year-to-year variation in excess winter
mortality with the number of cold days in winter (<5°C),
which was evident until mid-1970, has recently dis-
appeared, and the link between winter and excess
mortality is no longer as strong as before [53, 54]. In a
large study of over 23,000 individuals with prior CVD who
were recruited from general communities in 10 diverse
regions of China, substantial seasonal variation in
BP was observed, especially in areas where there was little
use of central heating in the cold months [55]. Climate
warming might bring benefits, at least to disadvantaged
populations.

Seasonal BP variations and visit-to-visit BP
variability

In addition to seasonal BP changes, visit-to-visit SBP
variability was also reported to be associated with stroke
and CV mortality [56]. A differential influence of different
antihypertensive BP drugs on visit-to-visit SBP variability
was reported [57–61], although their influence on stroke
was not observed. More precisely, retrospective analyses of
published trial data have concluded that antihypertensive
drug classes may differ in their effects on intersession visit-
to-visit BP variability and associated risk of stroke [57–62].
In a retrospective study, single-pill fixed-dose combinations
of Angiotensin II receptor blocker (ARB)/Calcium channel
blocker (CCB) and ARB/diuretic (DI) were reported to have
similar effects on visit-to-visit variability and seasonal
variation in BP in hypertensive patients [63]. However,
these post hoc analyses lacked actual intersession infor-
mation for individual trial participants, adherence to drugs,
duration of drug action, or adjustment for temperature or
seasonality.

Low adherence to antihypertensive medication has been
hypothesized to increase the visit-to-visit variability of BP.

The association between antihypertensive medication
adherence and visit-to-visit variability of BP was recently
studied in the Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial (ALLHAT) [64]. The
visit-to-visit variability of SBP and DBP was higher among
non-adherent participants than among adherent participants.
However, adjustment for nonadherence did not explain the
association of visit-to-visit variability of BP with higher
fatal coronary heart disease or nonfatal myocardial infarc-
tion, stroke, heart failure, or mortality risk [64].

The relationship between BP variability and seasonal
effects on the renal outcome was investigated in a recent
study in which a combination therapy with ARB and a CCB
vs ARB plus diuretics were compared in terms of
decreasing BP variability in hypertensive patients [60].
Multivariate regression analyses using outdoor temperature
and daylight hours as independent variables revealed no
significant correlations between daylight hours and urine
albumin-to-creatinine ratio (UACR) or estimated glo-
merular filtration rate (eGFR) as dependent variables [60].
However, there was a correlation between outdoor tem-
perature and both UACR and eGFR in the ARB+D group.
This finding suggests that seasonal effects on the renal
outcome may exist, especially with diuretic combination
therapy [60].

The degree of risk of stroke based on visit-to-visit SBP
variability was recently investigated in a large Chinese
hypertensive population in 32 communities [65]. The hazard
ratios for risk of stroke increased by quintiles of visit-to-visit
SBP standard deviation, coefficient of variation, and average
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real variability over 6 visits (1st quintile, Q1, reference).
Advanced age and BMI ≥25 kg/m2 were associated with
increased risk. However, temperature was not included
among the investigated variables [65]. Therefore, the inter-
action between seasonal BP changes and visit-to-visit SBP
variability on CV events remains to be assessed.

Conclusions

Seasonal office BP changes are mainly influenced by tem-
perature. The control of concurrent environmental changes
should be considered in both clinical practice and research
studies. In daily clinical practice, ABP is important in
monitoring antihypertensive treatment in elderly patients
under conditions of unstable and often “extreme” tem-
perature exposure. Short-term temperature changes mainly
affect BP during the daytime (temperature as a negative
predictor), whereas seasonality mainly affects nighttime
SBP (with daylight hours as a positive predictor) and
morning BP surge (with daylight hours as a negative pre-
dictor). The design of clinical trials should consider the
months of enrollments, with long-term seasonal BP varia-
tions being especially relevant in the elderly. Population
surveys in general should routinely factor in seasonal var-
iations in blood pressure. Epidemiological surveys aimed at
estimating hypertension burden in a community may
include indoor measurements of environmental temperature
as a variable potentially affecting results rather than con-
sidering outdoor temperature only. Seasonal BP changes
and visit-to-visit SBP variability were both reported to be
associated with stroke and CV mortality. However, the
interaction between seasonal BP changes and visit-to-visit
SBP variability remains to be assessed. Awareness of these
phenomena will result in more personalized, tailored dosa-
ges of antihypertensive medications.
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