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Abstract

:

Background: Variations in atmospheric pressure (AP) are known to affect blood pressure (BP). We assessed the effect of AP on BP, and the major fatal and nonfatal complications thereof (i.e., stroke, myocardial infarction, and pulmonary emboli). Methods: In this observational cohort study, 250 hypertensive patients (aged 65–92 years old) were followed for 3.5–5.4 years in a primary care clinic. Cox proportional hazard regression was performed to define the associations between AP, clinical, demographic and environmental factors, and major complications such as stroke, myocardial infarction, etc. Results: AP fluctuated between 1007 and 1024 millibars (MB). A total of 132 patients (53%) developed various complications, of which 13 (9.8%) were fatal. Among all fatalities, 93 of 119 nonfatal cases and 7 of 13 fatal cases occurred at AP < 1013 MB. A Cox regression analysis showed that low AP (AP < 1013 MB) had a higher hazard ratio (HR) on hypertension (HTN) complications among all demographic, clinical and environmental parameters. Conclusions: Most major complications were associated with very low APs. Low AP was the best predictive risk-factor for major complications of HTN.
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1. Introduction


The effects of atmospheric pressure (AP) have long been a subject of interest [1,2,3,4,5,6,7,8,9]. AP is an environmental element that affects human health. In the setting of hypertension (HTN), variations in AP during the four seasons are known to affect blood pressure (BP) [1,2,3,4,5,6]. In temperate and continental climates, AP is high in summer, when the air temperature is also high. In winter, the situation is opposite: high AP is related to very low temperatures. In the Eastern Mediterranean region, climate conditions are stable during winter and AP is mostly high. [1,2,3,4,5,6,7,8]. Although factors such as cyclones and anticyclones may contribute remarkably to atmospheric pressure, the effects of these climate components on weather phenomena in Israel were shown to be relatively minor and accounted for barometric pressure and temperature excursions of approximately 1.4% during the entire year [9,10]. In bio-environmental studies, AP seemed to be the most objective meteorological factor, because it has the same effect on humans, whether indoors and outdoors [4]. Information on whether AP affects BP is inconsistent. Several reports found no correlation between atmospheric pressure and elevated BP [4,5,6]. However, several articles have related BP complications, such as myocardial infarction, strokes, or aortic dissection, to the effects of cold [5,6,8,9,10,11,12,13,14,15,16,17,18,19,20,21]. AP exerts an effect on the autonomic nervous system. Associations between an increase in coronary heart disease and atmospheric pressure were shown to exhibit a V-shape, with a minimum of daily event rates at 1016 MB. Catecholamines are elevated in cold weather, activating the sympathetic nervous system [6,8,17]. Previous studies on the relationship between AP and BP with temperature changes in the same location showed minimal, if any, change in BP [4,18,19,20,21]. However, it has been shown that BP decreases in countries with warmer, tropical climates [1,2,3,4,5,6,13,14]. A significant, inverse relationship between AP and BP during spring days was observed, as it was for systolic blood pressure systolic blod pressure [SBP] during winter nights [4]. Relatively higher AP during winter and lower AP during summer is the most common prevailing pattern in Israel (Israel Meteorological Service).



HTN is a recognized risk factor for cardiovascular and cerebrovascular events. These complications are increased during winter in comparison to summer [6,13,14,15,16,17,18]. Previously, we have reported greater seasonal BP variations in geriatric patients with HTN, whose mean SBP and diastolic blood pressure diastolic blood pressure [DBP] were higher during winter, as compared with summer [6]. The winter–summer difference was above 30 mmHg for SBP and above 14 mmHg for DBP. It has also been observed that more fatal events occur in winter than in summer seasons, mostly due to strokes and cardiovascular events among the elderly [6,13,14,15]. The aim of the current study was to present the effects of AP on the major complications of HTN (stroke, myocardial infarction, and pulmonary emboli) during a period of 5 years.




2. Methods


2.1. Patients


All patients in this observational cohort study were diagnosed with HTN, and treated and followed-up in a Maccabi Health System primary care outpatient clinic from January 2012 to December 2016.



Patients with elevated BP (SBP 141–200 mmHg and DBP 90–115 mmHg) and age ≥65 years were recruited for the study. Exclusion criteria were previous cerebrovascular accident, recent ST elevation myocardial infarction, acute coronary syndrome, congestive heart failure, advanced oncologic disease, severe pulmonary disease, kidney disease (creatinine > 1.4 mg/dL), anemia (hemoglobin < 12 g%), secondary HTN, hyper- or hypothyroid function, and cognitive disorders.



All patients received antihypertensive treatment, which included ACE inhibitors, angiotensin receptor blockers, calcium channel blockers, diuretics, β-blockers, or α-blockers. The patients continued their regular daily activities and ingested their usual amounts of caffeine, tobacco, and alcohol.




2.2. Study Protocol


The AP in the examination room was measured at every patient’s visit. Room temperature was maintained at a constant 23 °C with air conditioning.



Patients’ current and past medical histories were recorded, and they underwent a physical examination, including weight measurements, electrocardiograms, chest X-rays, examinations of the retina, and echocardiographs. Blood tests included analyses of kidney function, electrolyte levels, and complete blood counts. Blood pressure was measured after a 20-minute rest, which is suitable for adaptation to indoor conditions of temperature and AP, as appropriate to the Eastern Mediterranean region, where very low temperatures (<0 °C) and high temperatures (>35 °C) are rare (Israel Meteorological Service); thus, adaptation is relatively rapid. BP was measured using a mercury sphygmomanometer with a standard-sized cuff (12 cm × 35 cm). For patients with BMI > 27 kg/m2 and/or with large upper arm, a 16 × 36 cm cuff was used. For patients with an upper arm circumference of 45–52 cm, a 16 × 42 cm (extra-large) cuff was used. Mean BP values were calculated. SBP ≤ 140 mmHg and DBP ≤ 90 mmHg were considered normal. All BP measurements were performed in the same examination room, by the same physician (G.C.).



The patients were followed at intervals as indicated clinically, which did not exceed 3 months, during the 5-year period, at the same room temperature. AP and BP were recorded at each visit. Ambient AP, i.e., mean sea level pressure (MSLP) measurements in millibars (MB), were obtained from the Israel Meteorological Service, (Bet Dagan, Israel Meteorological Service). Mean year-round AP values are presented in the figure. However, to associate blood pressure with AP, readings on the visit days were specifically recorded for data analysis.



Body mass index (BMI) and age were determined on the first visit and BMI was reassessed every 6 months.



Antihypertensive treatment included diuretics for 65% (disothiazide—56%, furosemide—24%, and spironolactone—16%), beta-blockers—58%; calcium channel blockers—48%; angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers—72%; and alpha blockers—11%. Supplementary antihypertension treatment was required during high APs of 1019–1024 MB in 24% of the patients.




2.3. Statistical Analysis


The main outcome variables were major HTN complications (fatal outcomes and stroke, myocardial infarction, and pulmonary emboli). We also investigated the relationship of AP with SBP, DBP, and mean BP.



The analysis investigated the relationship of the outcome variable with age, gender, body mass index (BMI), outdoor temperature, severe HTN (SBP > 160), and AP. Mean values and frequencies of the outcome variables in subgroups defined by gender, age, and BMI were compared. The risk of outcomes was analyzed using a Cox regression on each factor of interest. Bonferroni corrections for multiple comparisons were used when evaluating the p-values of different regressions. All p-values were two-sided and p-values < 0.05 were considered statistically significant. Calculations were performed using SAS 9.4 (mainly Proc MIXED and PHREG).





3. Results


Based on the inclusion and exclusion criteria, 272 outpatients with HTN were eligible to participate in this longitudinal, prospective study. A total of 22 patients were excluded due to noncompliance or lack of follow-up information. The remaining 250 patients (mean age, 74.8 ± 14.2 years; range, 65–92) were followed for at least 3.5 years and up to 5.4 years. Most patients were not obese (218/250). During follow-up, BMI did not change significantly and did not affect BP.



AP fluctuated from 1007 to 1024 MB during the 5-year study. Table 1 shows the results of the SBP and DBP under the same weather conditions for both men and women and for both sexes combined. The overall mean difference (Δ) in SBP (between AP 1024 and 1007) was 18 ± 0.3 mmHg (19 ± 5.9 mmHg for men, as compared with 18.01 ± −6.3 mmHg for women, p (t-test) = 0.23). The mean ΔDBP under the same AP fluctuations was 6.0 ± 0.4 mmHg (6 ± 1.4 mmHg for men and 6 ± 0.7 mmHg for women). After analyzing BP differences during consecutive, gradual increases in AP from 1007 to 1024 MB (i.e., 1007 to 1009, 1009 to 1013, 1013 to 1016, etc.), we did not find differences in changes in BP between men and women. Supplementary antihypertension treatment was required during high AP (1019–1024 MB) in 24% of selected patients. Figure 1 displays the mean monthly atmospheric pressure and temperature changes through the 5-year observation period.



Table 2 lists the Pearson correlations (R) of the mean differences in SBP and DBP measurements at AP 1024 MB minus AP 1007 MB, according to age group. Strong correlations with SBP were found for age ranges of 65–69 years (14 ± 11.3 mmHg, R for SBP = 0.42, p < 0.002) and 70–75 years (16 ± 13.5 mmHg, R for SBP = 0.41, p < 0.003), and in DBP for age ranges of 65–69 years (9 ± 8.5, R for DBP = 0.38, p < 0.004) and 70–75 years 7 ± 0.9 (R for DBP = 0.41, p < 0.02).



For Pearson correlations of mean SBP and DBP variations at APs ranging from 1024 to 1007 MB according to BMI, significant differences in SBP were observed at BMI values of 21–25 and 26–30. They were 17 ± 0.4 mmHg (R = 0.41) and 19 ± 14.5 mmHg (R = 0.42), respectively (p < 0.01). For DBP, at the same BMI, the values were 16 ± 4.8 mmHg (R = 0.37) and 16 ± 9.3 mmHg (R = −0.40), respectively.



Table 3 demonstrates the association between nonfatal complications and mortality related to AP changes. A total of 132 patients (53%) developed complications, of which 13 (9.8%) were fatal: 7 (5.3%) of the total complications were a myocardial infarction, and 9 of the 132 patients (6.8%) developed stroke during conditions of decreased AP. Nonfatal complications, including weakness and headaches, were significantly more common at APs of 1007 and 1009 MB.



To define which AP and other factors had the strongest effect on HTN complications, Cox univariate regression was performed for each parameter of interest. Table 4 displays the hazard ratios (HRs) of the main clinical, seasonal, and demographic characteristics related to HTN on major complications. HTN is a risk factor for major complications of stroke, myocardial infarction, and pulmonary embolism. An HR ratio of 2.831 (95% CI 1.752–3.232; p = 0.002) was seen for AP. However, HTN (SBP > 160) and gender were also significant factors that predicted major complications.




4. Discussion


The results of this study demonstrate a direct relationship between AP and SBP and DBP among hypertensive patients. This was remarkable at APs above 1016 MB.



Our findings do not support previous studies that reported an inverse relationship between AP and arterial BP [19,20,21]. In previous reports, low AP was associated with an increased incidence of cardiovascular disease [22,23,24,25,26,27,28,29,30,31,32,33], probably related to dysregulation of the autonomic and endocrine systems, resulting in higher BP [13,19,22]. We would expect more cardiovascular complications related to higher blood pressure; however, this study had contrasting results. Low BP concurrent with low AP was associated with a higher rate of complications.



BP fluctuations among our study participants were related to age and BMI. Relatively younger participants (65–75 years of age) experienced significant BP variations compared with patients older than 75 years (p < 0.05), at APs ranging from 1007 to 1024 MB. A possible explanation for this effect may be inadequate autonomic nervous system function among elderly individuals, impacting the control of BP. Moreover, hypertensive patients with BMI 21–30 kg/m2 showed a higher correlation of BP changes at these atmospheric conditions, as compared with patients with BMI 18–20 or 30–35 kg/m2 (p < 0.05).



The present investigation found that major nonfatal complications—myocardial infarction, stroke, and pulmonary emboli—were inversely related to AP levels, which highlights the effect of decreased AP on lowering both SBP and DBP. The same effect was found for fatal complications. From among gender, age, BMI, outdoor temperature, HTN, and AP, the highest HR was found for AP. This does not agree with the common appreciation that high BP is a major risk factor for cerebro- and cardiovascular events. A strongly negative association between AP and HTN-associated complications was also observed for nonfatal manifestations, such as weakness and headaches, which were markedly more common at lower APs (p < 0.001). As mentioned, Cox regression demonstrated that, in the current study, AP had the strongest effect on major complications of HTN. However, severe HTN and gender were significant predictors as well. Our previous studies showed the relationship between ambient temperature and health complications [6.22]. Our objective in this work was to consider the contribution of AP alone. This does not mean that a common effect of both environmental components does not exist.




5. Limitations


A limitation of this study was the relatively small study group. Some risk-factors for cerebrovascular events, e.g., smoking and family history, were not included in the analysis. Additionally, parameters such as humidity, water vapor pressure, and wind speed were not assessed in this study, and UTCI was not calculated. Further investigations are warranted with larger cohorts of patients, as well as taking into account extensive series of environmental parameters, to further support our observations.



The results of the current study, including the relationship between higher APs and lower temperatures, are true for the Eastern Mediterranean region and might differ from those of other regions.




6. Conclusions


This study found AP to be the strongest risk factor for major complications of HTN. Most major complications were found at low APs.



BP levels in hypertensive patients were directly correlated with high AP (>1016 MB). Significant changes in BP associated with varying AP were observed at relatively younger age ranges (65–75 years) and in non-obese patients (BMI 18–20 kg/m2).



Stricter controls of BP by carefully adjusting antihypertensive medication and doses should be maintained during periods of low AP.
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Figure 1. Monthly variation in mean atmospheric pressure (MB) and temperature during the 5–year observation period. 
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Table 1. Systolic and diastolic blood pressure by atmospheric pressure and sex.






Table 1. Systolic and diastolic blood pressure by atmospheric pressure and sex.





	
Atmospheric Pressure

	
Total (n = 250)

	
Men (n = 172)

	
Women (n = 78)




	
SBP

	
DBP

	
SBP

	
DBP

	
SBP

	
DBP






	
1007 (15 September)

	
125 ± 12.6

	
82 ± 0.6

	
126 ± 11.3

	
82 ± 30.1

	
124 ± 10.3

	
81 ± 4.8




	
1009 (1 October)

	
126 ± 0.6

	
84 ± 14.7

	
126 ± 12.5

	
86 ± 16.6

	
123 ± 9.8

	
83 ± 18.7




	
1013 (25 October)

	
135 ± 17.3

	
85 ± 16.6

	
136 ± 8.3

	
86 ± 27.1

	
135 ± 11.5

	
84 ± 17.7




	
1016 (10 November)

	
134 ± 16.8

	
84 ± 7.5

	
134 ± 24.5

	
85 ± 18.3

	
135 ± 14.8

	
83 ± 9.9




	
1019 (15 November)

	
143 ± 25.6

	
87 ± 8.8

	
144 ± 15.5

	
88 ± 8.5

	
141 ± 15.5

	
86 ± 5.5




	
1024 (25 December)

	
143 ± 15.6

	
88 ± 0.2

	
145 ± 17.2

	
88 ± 31.5

	
142 ± 14.4

	
87 ± 5.5








SBP, systolic blood pressure; DBP, diastolic blood pressure. Blood pressure values are reported as the mean ± standard deviation.
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Table 2. Pearson correlations between changes in systolic and diastolic blood pressure measurements at atmospheric pressure differences of 1024 and 1007 MB, according to age.
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	Age Range, (Years)
	65–69
	70–75
	76–80
	81–85
	86–90
	>90
	All





	Patients (n)
	56
	66
	58
	44
	18
	8
	250



	Δ SBP
	14 ± 11.3
	16 ± 13.5
	9 ± 3.5
	6 ± 6.4
	6 ± 8.3
	5 ± 1.3
	10 ± 8.2



	R
	0.42
	0.41
	0.12
	0.13
	0.08
	0.12
	0.17



	p
	0.002
	0.003
	0.061
	0.052
	0.076
	0.054
	0.022



	Δ DBP
	9 ± 8.5
	7 ± 0.9
	3 ± 8.3
	4 ± 1.2
	4 ± 0.9
	3 ± 4.2
	4 ± 8.1



	R
	0.38
	0.41
	0.14
	0.12
	0.08
	0.09
	0.20



	p
	0.004
	0.002
	0.062
	0.071
	0.062
	0.055
	0.042







R, Pearson correlation index; Δ, difference; SBP, systolic blood pressure; DBP, diastolic blood pressure. 
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Table 3. Distribution of related complications and mortality according to atmospheric pressure (n = 132).
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	Atmospheric Pressure, MB
	1007

(n)
	1009

(n)
	1013

(n)
	1016

(n)
	1019

(n)
	1024

(n)
	Total

(n)





	Nonfatal complications (total)
	57
	36
	8
	6
	8
	4
	119 *



	Myocardial infarction
	1
	1
	0
	1
	0
	1
	4



	CVA
	3
	1
	0
	0
	1
	0
	5



	Pulmonary emboli
	2
	1
	0
	0
	0
	0
	3



	Headache
	24
	14
	2
	1
	2
	1
	44 *



	Weakness/fatigue
	23
	19
	4
	2
	4
	2
	54 *



	Syncope
	1
	0
	1
	0
	0
	1
	3



	Vomiting
	2
	0
	1
	2
	1
	0
	6



	Fatal complications (total)
	4
	3
	0
	2
	0
	2
	13



	Myocardial infarction (MI)
	2
	1
	0
	0
	0
	0
	3



	CVA
	2
	1
	0
	1
	0
	0
	4



	Pulmonary emboli (PE)
	0
	1
	0
	0
	0
	1
	2



	Fall (due to trauma + fracture)
	0
	0
	0
	1
	0
	1
	2



	All complications
	61
	41
	8
	8
	8
	6
	132



	Major complications

(MI, CVA, PE, fall + trauma)
	10
	6
	0
	3
	1
	3
	23







* p < 0.001 for chi-squared test of equal number of complications at AP < 1013 vs. AP ≥ 1013 MB. SBP, systolic blood pressure; DBP, diastolic blood pressure; CVA, cerebrovascular accident.













[image: Table] 





Table 4. Hazard ratios (HRs) of the major complications (hospitalizations due to stroke, myocardial infarction, pulmonary embolism, or fatality) for the main parameters of interest.






Table 4. Hazard ratios (HRs) of the major complications (hospitalizations due to stroke, myocardial infarction, pulmonary embolism, or fatality) for the main parameters of interest.





	Parameter
	HR
	Lower
	Upper
	p-Value
	Bonferroni p-Value





	Age (5-year increments)
	1.66
	0.377
	0.971
	0.0401
	0.4016



	Body mass index (kg/m2)
	0.92
	0.721
	1.243
	0.3307
	1



	Outdoor temperature (1 °C)
	1.105
	0.66
	1.527
	0.3561
	1



	Winter vs. Other seasons
	1.121
	0.822
	1.566
	0.3103
	1



	Spring vs. Other seasons
	0.74
	0.585
	1.28
	0.1222
	1



	Summer vs. Other seasons
	1.206
	0.804
	1.402
	0.1609
	1



	Autumn vs. Other seasons
	0.76
	0.621
	0.982
	0.0226
	0.2263



	SBP > 160 vs. SBP < 160
	2.814
	1.582
	3.102
	2.50 × 10−9
	2.50 × 10−8



	Low atmospheric pressure (AP < 1013 vs. AP ≥ 1013 MB)
	2.831
	1.752
	3.232
	3.69 × 10−11
	3.69 × 10−10
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