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Abstract

Objective—Pre-clinical studies have reported acute cardiovascular effects of cannabis including
a dose-dependent increase in blood pressure while orthostatic hypotension may follow as a result
of decreased vascular resistance. In case reports, evidence links cannabis with acute cardiovascular
events in young and middle aged adults. Here, we offer epidemiologic estimates on cannabis use-
blood pressure levels association from the United States (US) National Health and Nutrition
Examination Surveys 2005-2012 (n=12426).

Methods—Computer-assisted self-interviews assessed cannabis use. Blood pressure was
determined by an average of up to four measurements taken during a single examination.
Regression modeling was used to examine cannabis use— blood pressure association.

Results—Recently active cannabis use was associated with increase in systolic blood pressure (8
=1.6; 95% CI: 0.6, 2.7) in the age-sex adjusted model. Additional covariate adjustment did not
affect the positive association. No association between cannabis use and diastolic blood pressure

was detected.

Conclusion—A modest association between recent cannabis use and systolic blood pressure was
detected among a relatively large nationally representative sample of US adults. With the
legalization of cannabis, there a need for pre-clinical, clinical and prospective population-based
research on the cardiovascular effects of cannabis use.
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INTRODUCTION

Puzzles have emerged from research on the cardiovascular health effects of cannabinoids.
Pre-clinical studies reported acute cardiovascular effects of cannabis including a dose-
dependent increase in heart rate, an increase in blood pressure while orthostatic hypotension
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may follow as a result of decreased vascular resistance [1]. Case reports of acute
cardiovascular events among young and middle aged adults after cannabis use have appeared
in the clinical literature [2-5]. Limited population-based studies in this area seem to show
that cannabis use per se does not influence cardiovascular health [6, 7]. A 15-year
prospective study has found a positive association between cannabis use and systolic blood
pressure that has been mainly confounded by greater alcohol use in cannabis users [8]. In
addition, recent studies have suggested a better cardiometabolic profile among cannabis
users when compared to never users [9-14].

With the increased legalization of cannabis use for recreational and medical purposes in the
United States (US), the aim of the current study is to add new epidemiological evidence on
the association of cannabis use and blood pressure levels, an important indicator of
cardiovascular health [15]. We used data on young and middle aged adult participants who
have completed the questionnaire and the examination components of the US nationally
representative National Health and Nutrition Examination Survey (NHANES), 2005-2012.

METHODS

Design and study participants

The study population consists of non-institutionalized community residents of the US, with
probability sampling, recruitment, and assessment for the NHANES 2005-2012, as designed
to yield nationally representative survey estimates [16]. Survey procedures were approved by
the National Center for Health Statistics ethics review board. The study population was
designated to include adults 20-59 years who completed the drug use questionnaire during
the NHANES mobile examination center (n=12702). Some participants had missing
information on blood pressure levels. For this reason, the effective unweighted sample size
for the current study is 12426.

Main exposure

Cannabis use was assessed via standardized self-report items during an audio computer-
assisted self-interview. On this basis, participants were classified as never users; former
users (used cannabis at least once in lifetime but not in the 30 days prior to the interview);
and recently active cannabis users (used cannabis at least once in the 30 days prior to the
interview). The number of days of recent cannabis use was determined by the question
“During the past 30 days, on how many days did you use marijuana or hashish?”

Outcome of interest

After resting quietly in a sitting position for 5 minutes and determining the maximum
inflation level, three and sometimes 4 blood pressure measurements (mmHg) are taken. The
systolic and diastolic blood pressure variables used was based on the average of at least 4
readings. Pulse pressure (mmHg) was calculated as the numeric difference between the
systolic and diastolic blood pressure [17].
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Covariates

The initial guiding conceptual model was one in which the response variable of interest
namely blood pressure levels was expressed as a function of cannabis use with covariate
adjustment for age (years), age squared and sex (male/female). Subsequent models were
controlled for ethnic self-identification (ESI: non-Hispanic White/non-Hispanic Black/
Hispanic/all others), education attainment (less than high school/high school/above high
school), poverty-income ratio (PIR), tobacco cigarette smoking (never/ former/recently
active), alcohol intake in the past 12 months (never/ former/recently active), history of extra-
medical drug use (cocaine, heroin and/or methamphetamine), and body mass index (BMI;
calculated as weight in kilograms divided by height in meters squared, and then rounded to
one decimal place).

Statistical analysis

Our first step involves assessing the distributions of the variables of interest and examining
outliers. We ran linear regression models to estimate the differences in systolic and diastolic
blood pressure (mmHg) by cannabis use status. To further ensure that the association was
parallel for subgroups, we performed subgroup analyses by ESI, education, BMI, alcohol
and smoking categories.

In post-exploratory steps, we ran logistic regression models to estimate the odds ratio and
95% CI of prehypertension (defined as systolic blood pressure 120-139 mmHg and/or
diastolic blood pressure 80-89 mmHg), high pulse pressure (defined as pulse pressure > 40
mmHg), isolated systolic hypertension (defined as systolic blood pressure >40 mmHg and
diastolic blood pressure <90 mmHg), and hypertension (defined as use of antihypertensive
medications, and/or systolic blood pressure 240 mmHg and diastolic blood pressure 20
mmHg) by cannabis use status using never users as the referent group.

NHANES examination weights that account for the unequal probabilities of selection,
oversampling and non-response in the NHANES survey were applied for all analyses.
Analyses were conducted using STATA (V.13.1) software. Standard errors were estimated
using the Taylor series linearization method.

RESULTS

Compared to never users, recently active cannabis users were younger, and more likely to be
males, non-Hispanic Whites with income below the federal poverty threshold. Recently
active cannabis users also were more likely to be recently active tobacco and alcohol users
(Table 1).

The main estimates of the study are presented in Table 2. Compared with never use, recent
cannabis use was associated with higher systolic blood pressure (8= 1.6; 95% CI= 0.6, 2.7)
in the age-sex adjusted model. Additional covariate adjustment did not affect the positive
association (8= 1.4; 95% CI = 0.3, 2.3). Stratifying by the participants’ characteristics,
recently active cannabis use was associated with increased systolic blood pressure within the
stratified subgroups. We found no appreciable variations among subgroups of ESI,
education, tobacco cigarette smoking, alcohol drinking, or BMI. There was no association
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between former cannabis use and systolic blood pressure levels. There was no association
between cannabis use (both recent and former) and diastolic blood pressure. Our results did
not change when excluding those who reported current use of antihypertensive medications.

Table 3 displays the association of cannabis use frequency and blood pressure levels.
Number of days of cannabis use in the 30 days prior to the interview was associated with
increased systolic blood pressure in the age-sex as well as the covariate-adjusted models.
There was no association between days of cannabis use and diastolic blood pressure levels.

Table 4 presents the association of cannabis use and prehypertension, high pulse pressure,
isolated systolic hypertension and hypertension. Compared to never users, recently active
cannabis use was associated with high pulse pressure (Odds ratio =1.3; 95% CI = 1.1, 1.6).
There was no association between cannabis use and hypertension or prehypertension.

DISCUSION

The main findings of this study may be summarized succinctly as follows. First, we detected
a modest association between recent cannabis use and increased systolic blood pressure. No
association was detected between cannabis use and diastolic blood pressure levels. A
statistically robust positive association between recent cannabis use and high pulse pressure
was detected, whereas no association was detected between cannabis use and hypertension
or prehypertension. No association was detected between lifetime history of cannabis use
and blood pressure levels.

Before detailed discussion of these results, several of the more important study limitations
merit attention, of most important is the cross sectional nature of NHANES which constrains
causal or temporal inferences. Cannabis use was self-reported and was not ascertained by
drug testing. Harrison et al. compared the validity of self-reported cannabis use in a general
population survey with the results of drug tests of urine specimens obtained from those same
respondents. The overall congruence between self-report and urinalysis was
89.8%|18].There were no data on the route of administration of cannabis (smoking vs. other
routes). Blood pressure measurement errors may occur since blood pressure was measured at
a single NHANES examination. To account for that we averaged blood pressure levels on up
to four readings. There was no data on the frequency of cannabis use beyond the 30 days
prior to the interview and hence it is difficult to distinguish whether the association of
cannabis use and blood pressure is of a short term or of a chronic nature. We stratified our
analysis by the participants’ characteristics to probe any subgroup variation in the estimates;
however results from these stratified analysis are limited by multiplicity related to the
number of analyses. Despite limitations such as these, the study findings are of interest
because of the NHANES standardized data collection approaches, and the ability to adjust
for potential confounders. Rodondi et. al. have previously reported a positive association of
cannabis use and systolic blood pressure that was confounded by greater alcohol use in
cannabis users using 15 years of longitudinal data from 3617 biracial young adults from four
US cities [8]. The current study included a relatively larger nationally representative
multiethnic sample of US adults which may enable us to detect differences.
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Cardiovascular disease is the leading cause of death both globally and in the US [19].
Previous studies have linked cannabis use to myocardial infarction, angina, and stroke [20—
22]. However, the association between cannabis use and cardiovascular disease is not always
consistent [6]. Although both systolic and diastolic blood pressure levels correlate
significantly with cardiovascular morbidity and mortality, recent studies have suggested that
systolic blood pressure is more strongly correlated than diastolic blood pressure [23, 24].
The results of this study indicate a modest association between recently active cannabis use
and increased systolic blood pressure which is consistent with pre-clinical studies indicating
an acute increase in blood pressure after cannabis use [1]. The current study cannot elucidate
if cannabis use is associated with chronic elevation in blood pressure. We did not detect an
association between cannabis use and hypertension. There is a possibility that cannabis users
who were diagnosed with hypertension were advised to stop cannabis use. However, lifetime
history of cannabis use was not associated with hypertension in the current study.

The use of non-steroidal anti-inflammatory drugs (NSAIDs) is associated with increase in
blood pressure [25]. In a sensitively analysis excluding those who reported NSAIDs use in
the past 30 days, our results did not change. Recent cannabis use was associated with
systolic blood pressure (covariate adjusted B= 1.4; 95% CI= 0.4, 2.3) whereas an association
with diastolic blood pressure was not detected (covariate adjusted p= —0.05; 95% CI= -1.0,
0.9).

We detected a modest association between recent cannabis use and increased pulse pressure.
Increased pulse pressure may be a strong predictor of cardiovascular disease [26]. A strong
association between increased systolic blood pressure, increased pulse pressure, increased
arterial stiffness and the prevalence of cardiovascular disease was detected [27]. Aging is a
major risk factor for arterial stiffness and increased pulse pressure [23]. The study
participants are young and middle aged adults. We statistically controlled for age and age
polynomials to account for any non-linear association with age. In addition, stratifying by
age subgroups, the positive association persisted among young adults<40 years of age.

Although we detected a positive statistical association between recently active cannabis use
and systolic blood pressure, the clinical significance of our findings is not. clear. For each
day of cannabis use, there is a 0.10 mmHg increase in systolic blood pressure. This implies
that the systolic blood pressure increase among those who have used cannabis every day in
the 30 days prior to the interview is only 3 mmHg. The pitfall could be that the difference
may be too small to adopt cannabis-blood pressure policy in clinical practice. In conclusion,
future cannabis-CVD studies, both population-based and pre-clinical, are needed especially
with the social trend in the direction of relaxed law enforcement approaches when cannabis
is used for medical and recreational use.

Acknowledgments

Source of Funding: This work was supported by the National Center for Complementary and Integrated Health
K99AT009156 to OA. The content is the sole responsibility of the authors and does not necessarily represent the
official views of the National Center for Complementary and Integrated Health, or the National Institutes of Health

J Hypertens. Author manuscript; available in PMC 2017 August O1.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuen Joyiny

ALSHAARAWY and ELBAZ Page 6

References
1.

Sidney S. Cardiovascular consequences of marijuana use. J Clin Pharmacol. 2002; 42(11 Suppl):
64S-70S. [PubMed: 12412838]

. Jouanjus E, et al. Cannabis use: signal of increasing risk of serious cardiovascular disorders. ] Am

Heart Assoc. 2014; 3(2):e000638. [PubMed: 24760961]

. Hartung B, et al. Sudden unexpected death under acute influence of cannabis. Forensic Science

International. 2014; 237(0):e11-e13. [PubMed: 24598271]

. Hodcroft CJ, Rossiter MC, Buch AN. Cannabis-associated Myocardial Infarction in a Young Man

with Normal Coronary Arteries. The Journal of Emergency Medicine. 2014; 47(3):277-281.
[PubMed: 24996293]

. Bailly C, et al. Cannabis induced acute coronary syndrome in a young female. International Journal

of Cardiology. 2010; 143(1):e4—e6. [PubMed: 19171386]

. Barber PA, et al. Cannabis, Ischemic Stroke, and Transient Ischemic Attack: A Case-Control Study.

Stroke. 2013; 44(8):2327-2329. [PubMed: 23696547]

. Muniyappa R, et al. Metabolic effects of chronic cannabis smoking. Diabetes Care. 2013; 36(8):

2415-22. [PubMed: 23530011]

. Rodondi N, et al. Marijuana Use, Diet, Body Mass Index, and Cardiovascular Risk Factors (from the

CARDIA Study). The American Journal of Cardiology. 2006; 98(4):478—-484. [PubMed: 16893701]

. Penner EA, Buettner H, Mittleman MA. The Impact of Marijuana Use on Glucose, Insulin, and

Insulin Resistance among US Adults. American Journal of Medicine, The. 2013; 126(7):583-589.

10. Alshaarawy O, Anthony JC. Cannabis smoking and serum C-reactive protein: A quantile

11.

12.

13.

regressions approach based on NHANES 2005-2010. Drug Alcohol Depend. 2015; 147:203-7.
[PubMed: 25529540]

Alshaarawy O, Anthony JC. Cannabis Smoking and Diabetes Mellitus: Results from Meta-analysis
with Eight Independent Replication Samples. Epidemiology. 2015; 26(4):597-600. [PubMed:
25978795]

Racine C, et al. METABOLIC EFFECTS OF MARIJUANA USE AMONG BLACKS. J Dis Glob
Health. 2015; 4(1):9-16. [PubMed: 26247060]

Rajavashisth TB, et al. Decreased prevalence of diabetes in marijuana users: cross-sectional data
from the National Health and Nutrition Examination Survey (NHANES) III. BMJ Open. 2012;
2:000494.

14. Le Strat Y, Le Foll B. Obesity and Cannabis Use: Results From 2 Representative National Surveys.

15.

17.

18.

19.

American Journal of Epidemiology. 2011; 174(8):929-933. [PubMed: 21868374]

(CDC), C.f.D.C.a.P. Vital signs: prevalence, treatment, and control of hypertension--United States,
1999-2002 and 2005-2008. MMWR Morb Mortal Wkly Rep. 2011; 60(4):103-8. [PubMed:
21293325]

. United States Centers for Disease Control and Prevention. National Center for Health Statistics
(NCHS). National Health and Nutrition Examination Survey Data. U.S. Department of Health and
Human Services, Centers for Disease Control and Prevention; 2010. [cited 2013 11/1]; Available
from: http://wwwn.cdc.gov/nchs/nhanes/search/nhanes09_10.aspx

Franklin SS, et al. Single Versus Combined Blood Pressure Components and Risk for
Cardiovascular Disease: The Framingham Heart Study. Circulation. 2009; 119(2):243-250.
[PubMed: 19118251]

Harrison L. The validity of self-reported drug use in survey research: an overview and critique of
research methods. NIDA Res Monogr. 1997; 167:17-36. [PubMed: 9243555]

Vos T, et al. Global, regional, and national incidence, prevalence, and years lived with disability for

301 acute and chronic diseases and injuries in 188 countries, 1990-2013: a systematic analysis for
the Global Burden of Disease Study 2013. The Lancet. 2015; 386(9995):743-800.

20. Hackam DG. Cannabis and Stroke: Systematic Appraisal of Case Reports. Stroke. 2015

21.

Wolff V, et al. Cannabis Use, Ischemic Stroke, and Multifocal Intracranial Vasoconstriction: A
Prospective Study in 48 Consecutive Young Patients. Stroke. 2011; 42(6):1778-1780. [PubMed:
21512186]

J Hypertens. Author manuscript; available in PMC 2017 August O1.


http://wwwn.cdc.gov/nchs/nhanes/search/nhanes09_10.aspx

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

ALSHAARAWY and ELBAZ Page 7

22.

23.

24.

25.

26.

217.

Mittleman MA, et al. Triggering Myocardial Infarction by Marijuana. Circulation. 2001; 103(23):
2805-2809. [PubMed: 11401936]

Strandberg TE, Pitkala K. What is the most important component of blood pressure: systolic,
diastolic or pulse pressure? Curr Opin Nephrol Hypertens. 2003; 12(3):293-7. [PubMed:
12698068]

Williams B, Lindholm LH, Sever P. Systolic pressure is all that matters. The Lancet. 2008;
371(9631):2219-2221.

Pope JE, Anderson JJ, Felson DT. A meta-analysis of the effects of nonsteroidal anti-inflammatory
drugs on blood pressure. Archives of Internal Medicine. 1993; 153(4):477-484. [PubMed:
8435027]

Millar JA, Lever AF. Implications of Pulse Pressure as a Predictor of Cardiac Risk in Patients With
Hypertension. Hypertension. 2000; 36(5):907-911. [PubMed: 11082165]

Izzo JL, Levy D, Black HR. Importance of Systolic Blood Pressure in Older Americans.
Hypertension. 2000; 35(5):1021-1024. [PubMed: 10818056]

J Hypertens. Author manuscript; available in PMC 2017 August O1.



Page 8

ALSHAARAWY and ELBAZ

9'L8‘T'98 6'98 088698  ¥L8  €L8T98 898 (BHwur) danssaxd [eLId)ae UBdA!
€6b SLY 8% Lov‘osy T €LPO9Y L9 (BHwuw) d1nssaxd aspnd
Y IL00L LOL 9TLYIL  0TL  6IL°90L  TIL (SHwu) danssaid pooyg dMoiserq
10Tl ‘T8I1 611 §'8ITOLIT TS8IT S8ILTLIT 6LIT  (BHUIM) 2anssaid poorq d1[0sAS
$'LT 99T 0°LT 06T%8C  LST  v6T'88T 16T (zwy33) IING
9vS “L'Ly TIS LIEY'LT  S6T TSI 61 (%) s3nap 1240 3sn 1A
8'¢6 ‘8'68 026 T98°CT8 S8 T8IV T99 aATIOE U200y
886t 99 LS10Tl 8¢l LST el Syl TowIo]
TT60 A T 81 TITOLI v61 PEYEING
(%) Sunquiiq [oYody
S6S01S N9 CIEY9T 88 v'T16'6 I'11 aanoE APUL0ay
6TT 91 Y61 10€T9C I8¢ LT1T6 01 TowwIo,]
L'8T1'CT €6 YSrgor Ttk €08°99L  S'8L ToroN
(%) 3391831 0308qO],
0T ‘v'61 91T 0°€l ‘901 LTT 991°LTl Sl B dId
TLS'E8Y 8TS 889°T€9 099  8T9VLS 109 [00Y98 YSIH <
¥'0€ ‘8°€T 0L SECYOT 61T TELS6I €1e [00y2s YSIH
8€T T'LI 0T 6°€1 b0l Tl 90CT°L91 9'81 [00ydS Y3TH >
(%) uonesnpy
[N I'y LY TE 6'¢ 8'11°C8 6'6 Yo v
ITIeL $6 TIL6L $6 $9T 061 st otuedsiH
661 ‘6'€1 991 ST v'8 66 €rroor 0Tl you[g druedsiy-uoN
9°€L ‘8'S9 869 €6L6EL  L9L  S09°90S 9SS A OtuedsTH-uoN
(%) Kydruyyapoey
T8E T Tse T6PSOr  6LF  6LSTSS  S9S (%) udumop
09€ ‘0'%¢ 0S¢ 60V ‘66 ¥OF S0P T6E  86E (sxeak) A3y
(1D %S6) UBSIA 10 (1D %S6) d5eIUad1d PAIYSIOM
(8LST=U) 3s() SIqeUUE)) JANDY APUFY  (69IS=U) 31 ISBd  (6L9S =U) IS(] J2AdN sapsLRIRY)

(9THT1=1) T107T-S00T KorIng

uoneUNEXy UONINNN PUt Y)[EoH [BUONEN Y} UO paseq SoJel§ paiun) Yy 1oj eie( "smeis as() siqeuue)) £q sjdwres Apmi§ oy Jo SonsuelorvIey)) duioseq

Author Manuscript

I 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Hypertens. Author manuscript; available in PMC 2017 August O1.



Page 9

ALSHAARAWY and ELBAZ

Surpuno1 03 anp 9,0 O} PPk 10U AW $95LIUIIIJ

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Hypertens. Author manuscript; available in PMC 2017 August O1.



Page 10

ALSHAARAWY and ELBAZ

*xas pue parenbs o3e ‘(s1eak) o5e 10} paysnipe sojewnsy

*(0 =¢) osn siqeuues 1oaau st dnois Juardyar Ay,
%

(6'0°6'1-) S0~ O1°01-)€0 #TO1-)L0 (€10 8T W3 0K
(6'0°1T-) 90~ (I'2°90-) 80 (Te90-) ¢l (€eToLl W3 66T
T 10 €T 0T 1001 LeT06T wrroee W3 6T>
NG
0111 10— (T1°L07)T0 WTToen 8T90 L1 QATDY AU0ddy
#€€T) S0 (91°6T-) 60 (€sLT)el B v Tl ToyuLI UON
Sup[ui( [0Yod1v
e 10091 FECO6T ITv 101t (LeTO) 8L QATDY AU0ddY
#0°91-) 90— @1°¢1-) 00— 0€soLT OrTO1T Toxows-uoN
wﬂmv—eam 0deqoy,
(€1TII0 (€1°80°) €0 (6TTOET e T0 LT [00YdS YSTH<
L1°Le)so- 01T 90— I¥60-) 91 0€TIT60 [00YdS YStH
(6TLOTT €€ T0L1 v v0 €T Wy v ¥'e [00Yg YSIH>
uonenNpy
LTHrTITo- (€T°€T) 00~ OLTIo)EE (68°L1-)9¢ SI2UIO [V
(LTSI 90 0esoel Lrvnoe (CeT0) LI owredsiy
(I'T€T) 1o (€TI0 (6€°€0-) 81 6T90) Il Yor[g-HN
(E1TIDT0 (80°T1-) TO~- (CTE0TT LT 1o ¥ ANYM-HN
1SH
(6°0°01-) 100~ (01607 €0 ETHO e LT9091 apdures [ng
(IO %S6) yPIUIIA Id %56) (1D %56) yUIPIA (1D %S6) jPudPIA

parewnsy paIsnipy sjeLIea0) [PUDA PRI PASNIPY Xo§ 9B parewnsy pasnipy djeLieso) pajewnsy pAsnipy xog 28y sopsuPEIRY)

(SHww) 3INSsaIg poorq d1oIserq (SHww) 3INSsaIJ poory d1[0ISAS

“2107-S00T ‘YIeoH pue as) Sni(] U0 SASAING [RUONIBN] SAILIS PAIIU() AU} PUB ASAING UONBUIWEXF UONILINN] pue
UI[BSH [BUONEN S} WOLJ BIR( "S[OPOJA UOISSIZIY Jeaur] SUIS() S[IAST dINssald poo[d pue s siqeuue)) (SKep-(¢ 158d) dANOY A[JUSDIY JO UONRIOOSSY

¢ dlqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Hypertens. Author manuscript; available in PMC 2017 August O1.



Page 11

ALSHAARAWY and ELBAZ

's9[qeLIeA paynens ay) 10j 1dooxa ‘(aanoe
A[JUQdaI pue ‘IoULIO] ‘IOAQU) SNJB)S SUIYOws pue ‘asn SnIp [edIpowl-e1xa Jo AI0ISIY ‘(9ATIOR A[JUQIAI PUE ‘JOULIOJ IOAdU) SUDJULIP [OYOd[e ANE\MVC xopur ssew Apoq ‘(] pue [>) oner awooul K31oa0d ‘(Jooyos

Y31y 9A0qe pue ‘Jooyds Y3y ‘[ooyds Y31y uey) ssaf) uoneonpa ‘(s1oylo [[e pue ‘sotuedsty ‘syoe[g druedsIH-uou ‘saiya\ d1uedsIH-uou) UuonedynuapI-J[as JIUYld ‘xas ‘(sIeak) a3k 10J paisnipe sojewnsy

#
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Hypertens. Author manuscript; available in PMC 2017 August O1.



Page 12

ALSHAARAWY and ELBAZ

‘(9AnOR AJUQdal pue
‘IOULIOJ IoAQU) Sunjows 91218310 09080} PUE ‘2SN FNIP [BIIPIW-BNXI JO AI0ISIY ‘(9ANIR A[JUSII PUB ‘IOULIOJ IIAU) SUDULIP [OYOd[ ANE\MVC xopur ssew Apoq ‘(R pue [>) onel awodur K11aa0d ‘(jooyds

Y31y aa0qe pue ‘Jooyos YS1y ‘0oyos YSIy Uey) $SI]) UONBINPS ‘(SISO [[& pue ‘soruedsiy ‘syoe[g OrurdsIH-UoU ‘SAYAY OturdSI-UOU) UONBOYNUSPL-J[9S OIS ‘X3S ‘(s189K) 93¢ 10} pajsnipe sojewnsy,
I

*Xas pue parenbs a3k ‘(s1eak) aSe 10J paysnipe moEEﬁmm\

"MATATIUT oY) 03 Joud SABp ()¢ AU} UI asn SIqEUUEd ou pa)Iodal Oy SIOSN JOULIOJ puk SIasn Joadu sapnjoul dnoi3qns Aep o107
*

as() siqeuue))

(200 L0°0-) 200~ (20°0 90°0-) 200~ (€10 °S0°0) 60°0 (¥1°0 °90°0) 01°0 Jo sfe(] 10 d|qeLIEA Snonuyuo)
(9°0°0C-) L0~ (90°6'1-) 9°0- 6€v'1)9T (6€°€19T skep 0€-17
(€T°CT-) 10— 1T 10 (6TTOST (F'€°90)0C skep (07-L
@1°L0-)€0 W'1°€0-) S0 (STT00T1 (9T€00 €1 skep 9-[

(Wua19J31) (ua19331) (ua1a3aI1) (Wua19J31) L SAep o

(ID %S6) youdIPA 1D %S6) jooudImA ID %56) yPoUwIMA (ID %S6) jooudIma skep o¢

pajewnysy pajsnipy derreao) pajewnysy passn{py xa gy pajewnysy paysnlpy Ijerreao) pajewnysy pajsnipy xa§ a3y jsed ay) ul Isn siqeuue)) Jo ske(
(SHurur) danssaxg poorg d1oIsei( (SHwur) 2anssarg poory dM0ISAS

"2107-S00T ‘Y3eoH pue 9s(] Sni(] uo SASAING [BUOIIBN S9IB)S PAIIU() dY} pue KoAINg
uoneUIUEXy UORINNN PUe YI[EoH [eUOTIEN 9Y} WO} Ble(] "S[OPOIA UOISSAISY Jeaur SuIs) S[OAT 2Inssald poolg pue asn siqeuue)) jo Aouonbaig

€ d|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Hypertens. Author manuscript; available in PMC 2017 August O1.



Page 13

ALSHAARAWY and ELBAZ

“(9anoe Apuaoar pue

JOULIO IOAQU) SUDOWS 933918310 0008q0) PUE ‘dSn SnIp [EdIPaW-e1Xd JO A10ISIY ‘(9ATIOR A[JUQDQI pUE ‘JOULIOJ IOAU) SUDULIP [OYOd[e ANE\wv_V Xopul ssew Apoq ‘(K pue [>) oner awoodur A110a0d ‘(Jooyos

Y31y 9A0qe pue ‘Jooyds Y3y ‘[ooyds Y31y uey) ssof) uoneonpa ‘(sIoyIo [[e pue ‘soruedsty ‘syoe[q oruedsIH-uou ‘salyA\ O1uedsIH-uou) Uonedynuapl-J9s MUYl ‘X3s ‘(sI1eak) a3k 10J paisnipe sojewnsy
¥*

Author Manuscript

(€180 1I'T (I'T°L0) 60  (uaryey) 0'1 uorsualdAH
@TzoDst (I'T°L'0) 60 (uaryoy) 0’1 uoisudrdLH J1[0ISAS pajejos|
OTTDET (I'T°60 0T  (uargey) 01 aanssald aspnd YSiH
C1'60T1 T1600T (uayey) 0’1 uorsudldAyaIg

(ID %56) , Oney SPPO pAsnipy eLeao)
3S(] IANOY APUIIIY  9IS() JAULIO] JS(] JIAIN suonipuo)

"2107-S00T ‘Y3eoH pue 9s(] Sni(] uo SASAING [BUOIIBN S9IB)S PAIIU() dY} pue KoAINg
uoneuIEXy UONINNN PUE Y)[eoH [eUONEN Y} WOIJ Bie(] "S[OPOJA UOISsaITay o1sISoT SuIs() S[OAQT 2Inssald poo[g pue as)) siqeuue)) JO UOTJRIOOSSY

/A CLT

Author Manuscript

Author Manuscript

Author Manuscript

J Hypertens. Author manuscript; available in PMC 2017 August O1.



	Abstract
	INTRODUCTION
	METHODS
	Design and study participants
	Main exposure
	Outcome of interest
	Covariates
	Statistical analysis

	RESULTS
	DISCUSION
	References
	Table 1
	Table 2
	Table 3
	Table 4

