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Seasonal Blood Pressure Variation: A Neglected Confounder
in Clinical Hypertension Research and Practice
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For more than a century blood pressure (BP) measured by
the doctor in the office has been recognized as an indisput-
able predictor of cardiovascular morbidity and mortality.!
However, BP is known to show dynamic variability in re-
sponse to the physical and emotional challenges of rou-
tine daily activities, which may confound any investigation
involving BP changes.?

Many factors are known to influence BP readings,' in-
cluding the physical and emotional challenges of routine
daily activities, the setting (office, home, work), the ob-
server (doctor, nurse, self-measurement, automated unat-
tended), the device (auscultatory, automated), the patient’s
posture (seated, standing, lying), the time of measure-
ment (morning, evening, nighttime sleep), the measure-
ment schedule (number of readings and those averaged),
talking, exercise, meals, smoking, coffee, alcohol, and
time of antihypertensive drug intake. In recognizing these
confounding factors, international recommendations have
standardized the methodologies for BP evaluation in the of-
fice and out-of-the-office to minimize their influence and
improve the accuracy of BP evaluation.*®

In the American Journal of Hypertension Gepts et al.® have
added to this list of confounders by demonstrating how seasonal
variations in BP can influence the interpretation of interventions
aiming at improving BP control. In this study, when seasonality
was not accounted for, a significant negative association of the

study intervention on BP control was observed. However, when
BP seasonality was taken into account, they showed that the in-
tervention had no effect on BP control.

It is surprising that this major confounder has been sys-
tematically ignored for so long. A recent review and meta-
analysis of 47 published trials which examined seasonal
changes in BP? showed that the seasonal BP variation is a
global phenomenon affecting all age groups, both sexes, and
normotensive and hypertensive subjects. Meta-analysis of
these trials showed an average seasonal BP decline in the
high-temperature season of 6/3 mm Hg (systolic/diastolic)
for office and home BP and 3.5/2 mm Hg for daytime am-
bulatory BP, and a small rise in nighttime ambulatory BP
(1.3/0.5 mm Hg).” Importantly, these changes were greater
in treated hypertensive patients and in older individuals.”
Thus, these findings suggest that the magnitude of the sea-
sonal BP change is comparable to the reduction that might
be expected from an effective antihypertensive drug, partic-
ularly in elderly patients.

The 2017 American College of Cardiology/American
Heart Association? as well as the 2018 European Society of
Cardiology/European Society of Hypertension guidelines!
for hypertension do not mention the seasonal BP vari-
ation phenomenon, and no recommendations are pro-
vided for guiding the practicing physicians on its potential
implications in treating hypertension.
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Table 1. Consequences of not adjusting the results of clinical
hypertension trials for the seasonal BP variation

Overestimation of the long-term BP variability

Underestimation of the long-term reproducibility of methods
for measuring BP

Underestimation of the BP lowering effects of drugs (or
overestimation depending on the direction of ambient
temperature change)

Confounding of the association of elevated BP with
cardiovascular event risk

Confounding of the effect of drugs and other interventions on
cardiovascular event risk

Abbreviation: BP, blood pressure.

The European Society of Hypertension Working Group
on BP Monitoring and Cardiovascular Variability recently
published a consensus statement on the seasonal variation
in BP? in which the evidence on the epidemiology, patho-
physiology, relevance, and magnitude of the seasonal BP
variation was presented together with recommendations for
practicing physicians.® The potential impact of the seasonal
BP variation on the interpretation of clinical hypertension
research was also discussed,? leading to the conclusion that
failure to take this factor into account may have distorted the
findings of numerous published clinical hypertension trials
and epidemiological surveys (Table 1).

In conclusion, the article by Gepts et al® clearly
demonstrated that the environmental temperature must be
taken into account in clinical hypertension research when
evaluating or comparing BP measurements taken on dif-
ferent occasions throughout different seasons. Clinical
trials using office or out-of-office BP measurements as effi-
cacy measures, which last long enough to be influenced by
ambient temperature change, need to be adjusted for the
seasonal variation in BP. Such an adjustment should be pro-
portional to the change in environmental temperature and
should be based on BP changes observed at the same time
interval without intervention and assessed using the same
BP measurement methodology.

DISCLOSURE

The authors declared no conflict of interest.

596 American Journal of Hypertension 33(7) July 2020

REFERENCES

1.

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M,
Clement DL, Coca A, de Simone G, Dominiczak A, Kahan T,
Mahfoud F, Redon ], Ruilope L, Zanchetti A, Kerins M, Kjeldsen SE,
Kreutz R, Laurent S, Lip GYH, McManus R, Narkiewicz K, Ruschitzka F,
Schmieder RE, Shlyakhto E, Tsioufis C, Aboyans V, Desormais I; ESC
Scientific Document Group. 2018 ESC/ESH Guidelines for the manage-
ment of arterial hypertension. Eur Heart ] 2018; 39:3021-3104.

. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ,

Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA,
Jones DW, MacLaughlin EJ, Muntner P, Ovbiagele B, Smith SC
Jr, Spencer CC, Stafford RS, Taler SJ, Thomas RJ, Williams KA
Sr, Williamson JD, Wright JT Jr. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
prevention, detection, evaluation, and management of high
blood pressure in adults: executive summary: a report of the
American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. Hypertension 2018;
71:1269-1324.

. Stergiou GS, Parati G. How to best assess blood pressure? The ongoing

debate on the clinical value of blood pressure average and variability.
Hypertension 2011; 57:1041-1042.

. Muntner P, Einhorn PT, Cushman WC, Whelton PK, Bello NA,

Drawz PE, Green BB, Jones DW, Juraschek SP, Margolis KL, Miller ER
3rd, Navar AM, Ostchega Y, Rakotz MK, Rosner B, Schwartz JE,
Shimbo D, Stergiou GS, Townsend RR, Williamson JD, Wright JT Jr,
Appel LJ; 2017 National Heart, Lung, and Blood Institute Working
Group. Blood pressure assessment in adults in clinical practice and
clinic-based research: JACC Scientific Expert Panel. ] Am Coll Cardiol
2019; 73:317-335.

. Stergiou GS, Palatini P, Asmar R, Bilo G, de la Sierra A, Head G,

Kario K, Mihailidou A, Wang J, Mancia G, O’Brien E, Parati G.
Blood pressure monitoring: theory and practice. European Society
of Hypertension working group on blood pressure monitoring and
cardiovascular variability teaching course proceedings. Blood Press
Monit 2018; 23:1-8.

. Gepts T, Nguyen AM, Cleland C, Wu W, Pham-Singer H, Shelley D.

Accounting for blood pressure seasonality alters evaluation of practice-
level blood pressure control intervention. Am ] Hypertens 2020;
33:220-222.

. Kollias A, Kyriakoulis KG, Stambolliu E, Ntineri A, Anagnostopoulos I,

Stergiou GS. Seasonal blood pressure variation assessed by dif-
ferent measurement methods: systematic review and meta-analysis. J
Hypertens 2020; e-pub ahead of print

. Stergiou GS, Palatini P, Modesti PA, Asayama K, Asmar R, Bilo G,

de la Sierra A, Dolan E, Head G, Kario K, Kollias A, Manios E,
Mihailidou AS, Myers M, Niiranen T, Ohkubo T, Protogerou A, Wang J,
O’Brien E, Parati G. Seasonal variation in blood pressure: evidence,
consensus and recommendations for clinical practice. Consensus
statement by the European Society of Hypertension working group on
blood pressure monitoring and cardiovascular variability. ] Hypertens
2020; e-pub ahead of print.



