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Abstract

BACKGROUND—Both abdominal obesity, defined as waist circumference (WC) =102 cm for
men and WC =88 cm for women and increased body mass index (BMI; kg/m?2) are known to

be associated with hypertension. The aim of this study was to examine the independent and the

combined relationship between abdominal obesity and increased BMI and hypertension by age,
race, and gender in a national sample.

METHODS—This report is based on national level cross-sectional data for adults aged 18 years
and older (11,145 participants) from the US National Health and Nutrition Examination Survey
(NHANES) 2007-2010.

RESULTS—Abdominal obesity, after adjusting for BMI categories and other covariables, was
independently associated with hypertension. That is, survey participants classified as abdominally
obese had almost 50% increased odds of being hypertensive (odds ratio (OR) 1.51, 95%
confidence interval (Cl) 1.27-1.81) after controlling for BMI. After adjusting for covariables,

the groups of individuals classified as abdominally obese and normal BMI; as abdominally obese
and overweight; and abdominally obese and obese each had a progressive increase in the odds of
hypertension when compared with individuals who had a normal BMI and no abdominal obesity
(OR 1.81, 95% CI 1.28-2.57, OR 1.87, 95% CI 1.55-2.25, and OR 3.23, 95% CI 2.63-3.96,
respectively)

CONCLUSIONS—Abdominal obesity is independently associated with hypertension after
adjusting for BMI. After adjusting for covariables and parameterizing BMI categories and
abdominal obesity the new variable showed a progressive increase in the odds of hypertension.
Both BMI and WC should be included in models assessing hypertension risks.
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Cardiovascular disease is the leading cause of death in the United States.! Increased body
mass index (BMI) (calculated as (weight (kg)/height? (m))) is a surrogate for total body
fat and abdominal obesity (estimated by abdominal waist circumference (WC)) cutoff
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criteria (WC =102 cm for men and WC =88 ¢cm for women) is a surrogate for abdominal
subcutaneous and visceral fat stores. Both increased BMI and abdominal obesity are
associated with diabetes, cardiovascular disease, and mortality.28 A number of studies
suggest that abdominal obesity is independently associated with cardiovascular diseases
after adjusting for BM1.2:10 Specifically, increased accumulation of visceral fat is thought to
be associated with increased insulin resistance, which may contribute to the development of
atherosclerosis and hypertension.11

Recent trends in obesity (BMI =30) and abdominal obesity show that between 1999 and
2008, abdominal obesity increased both in men and women, whereas obesity increased
only in women.12 Comparing the trends in BMI and WC suggests that WC has increased
independently from BMI (average 0.9 cm) between the years 1988—1994 and 2005-2006.13
Aside from one study using the third National Health and Nutrition Examination Survey
(NHANES 1988-1994) data, no other study using more recent NHANES data has assessed
the specific association between abdominal obesity and hypertension.14 Another motivation
for the present study is the fact that a number of current studies suggested that at the
population level, BMI and WC all predicted cardiovascular risk factors equally well;
suggesting that WC is interchangeable with BMI as a risk predictor.15:16

The objectives of our study are twofold. The first objective is to examine the independent
association between abdominal obesity and hypertension, adjusting for BMI, demographic
and other covariates shown to be associated with hypertension. The second objective is to
examine the combined effect of BMI and abdominal obesity on hypertension risk adjusting
for demographic and other covariates shown to be associated with hypertension.17-18

METHODS

Survey description.

The NHANES 2007-2008 and 2009-2010 surveys were fielded by the US National Center
for Health Statistics, a part of the Centers for Disease Control and Prevention. The
procedures to select the sample and conduct the interview and examination have been
previously described.1® This study is based on the 2007-2010 NHANES data.

Sample.

A total of 17,170 individuals 18 years of age and older were sampled. Of these, 12,755
(74%) were interviewed and 12,355 (72%) were examined. Of those examined, 1,210
individuals were excluded as follows: 125 due to pregnancy; 717 due to missing data on
WC; 22 due to missing data on BMI; and 346 due to missing blood pressure (BP) data.
These exclusions resulted in a final analytic sample of 11,145 participants aged 18 years and
older.

Outcome variables.

A maximum of three brachial systolic and diastolic BP readings were collected for each
participant; the mean of these recorded values was used to represent the participants’
systolic and diastolic BP. All BP readings were obtained during a single examination
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visit. Trained physicians following a standard protocol measured BP at the MEC using

a Baumanometer true gravity wall model and standard mercury Baumanometer cuffs

(small adult (17-22 cm), adult (22—-32 cm), large adult (32—42 cm), and X-large adult
(42-50 cm)).20 Appropriate BP cuff sizes were based on the measurement of the mid-arm
circumference. The study BP measurements were obtained after the participant had been
seated and resting for a minimum of 5 min; three individual BP determinations were taken
30 s apart.20 A participant was defined as having hypertension if at least one of the following
conditions applied: a systolic BP of 140 mm Hg or greater; a diastolic BP of 90 mm Hg or
greater; or currently taking prescribed medications for high BP.

Abdominal obesity was obtained from measured WC. A standard protocol was followed, in
which the measurement was taken at the uppermost lateral border of the right ilium, to the
nearest 0.1 cm, and at the end of the examinee’s normal expiration of breath. Abdominal
obesity was defined as a WC of =102 cm for males and =88 cm for females.?

Demographic covariates.

Age was categorized into the following groups: 18-39, 40-59, 60-79, and 80 years or older.
Race/ethnicity, based on self-reported information, was classified as non-Hispanic white,
non-Hispanic black, and Hispanic. Participants not fitting the above self-classification were
classified as “other.” Data for the “other” group, including persons who reported multiple
races, were included in the total sample results, but because of small sample sizes are not
reported separately in the data tables. Education attainment was categorized as: less than
high school, high school, and more than high school education. Income status was based on
the family income to poverty ratio (IPR). Families that have IPR values below 1.00 have
incomes that are below the official poverty threshold; and IPR values of >1.00 are above the
poverty level (US Census Bureau 2003).

Other covariates.

BMI was calculated as weight in kilograms over height in meters squared (kg/m?), and

was categorized using criteria established by the National Institutes of Health (NIH) as
underweight (<18.5 kg/m2), normal (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?2), and
obese (=30 kg/m?). Due to the relatively small number of respondents in the underweight
category, the underweight category was joined with the normal category after a sensitivity
analysis showed little difference in the results between excluding the underweight category
and including them in the normal weight category. Responses to the medical conditions
section of the NHANES household interview were used to establish a history of risk
factors.20 A participant was defined as “diabetic” if they reported they had ever been told
by a doctor that they had diabetes. History of cardiovascular disease was ascertained by

a positive response to any of the following conditions “Has a doctor or other health care
professionals ever told you had: congestive heart failure, coronary heart disease, angina,

or heart attack.”29 Smoking status was ascertained by responses to the smoking section of
the household questionnaire and participants were classified as never, former, and current
smokers. Smokers were defined as persons who had smoked at least 100 cigarettes during
their lifetime and were currently smoking.20 Leisure—time physical activity (LTPA) was
measured using the World Health Organization’s Global Physical Activity Questionnaire.2!
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Respondents were asked about the usual amount of time they engaged in vigorous and
moderately intense LTPA during a typical week. Total LTPA time was categorized as: none;
0 to <300 min; and 300 or more min/week.

Statistical analyses.

RESULTS

Analyses were conducted using SAS (version 9.2; SAS Institute, Cary, NC), SUDAAN
(version 10.0; Research Triangle Institute, Research Triangle Park, NC), and R (version
2.13; The R Foundation for Statistical Computing). MEC examination sample weights and
the appropriate sample design variables were used in the analysis. The MEC examination
sample weights account for the complex survey design (including oversampling), survey
nonresponse, and are also post-stratified to obtain nationally representative estimates of the
US civilian non-institutionalized population.

Except for age-specific estimates, all prevalence estimates for hypertension were adjusted
for age. Age-adjustment was performed, by the direct method, using the year 2000
projected US population with the aforementioned age groups. The SUDAAN Taylor series
linearization method was used to calculate 95% confidence intervals (Cls) for the estimated
prevalences. Statistical testing was performed using #tests with an a-level of < 0.05
denoting statistical significance. Adjusted odds ratios (OR) and 95% Cls were calculated
using four different logistic regression models. The first model included all the covariates
and abdominal obesity; the second included the covariates and BMI; the third included

the covariates, BMI and abdominal obesity. We also examined a third model that included
an interaction between BMI and abdominal obesity; the interaction was near significant
(P=0.051). Therefore, the fourth model was added that included all the covariates and

a cross-classification of BMI and abdominal obesity as a single variable (see Table 3

for the parameterized variable). Here, the odds of hypertension were calculated for the
major different combinations of BMI and WC subgroups, using the subgroup with normal
body weight and no abdominal obesity as a referent. Adjusted ORs having a 95% CI, not
including unity, were considered statistically significant. In order to graphically display the
distributions of WC by gender, BMI category, and hypertension status, the WC distribution
was smoothed using svysmooth in the R survey package.?2

Table 1 shows the prevalence of abdominal obesity by demographic and other covariates.
Overall, the prevalence of abdominal obesity was 52.8% and it was significantly associated
with all of the covariates except family IPR. It was higher in females (62.6%) then males
(42.7%), higher in self-reported diabetics (82.0%) than nondiabetics, and higher in those
reporting no LTPA (60.9%) than in those reporting 300 min or more of LTPA per week
(38.4%).

Age-adjusted and age-specific prevalences of hypertension, according to abdominal obesity
category, are shown in Table 2. Overall, there was a statistically significant difference in
the age-adjusted prevalence of hypertension between the abdominal obesity group (35.0%)
and the group without abdominal obesity (21.0%). Consistently across all levels of the
demographic and other covariates, participants categorized as abdominally obese had a
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higher prevalence of hypertension when compared with participants categorized as not
abdominally obese. These differences, with the exception of the 80 or more years of age
category, were all statistically significant. Also of particular interest was the finding of a
higher prevalence of hypertension in the abdominal obesity subgroup within all three levels
of BMI.

Table 3 shows the results of the four logistic regression models. The first model, which

did not include BMI, shows the main effects of abdominal obesity on hypertension risk,
after adjusting for the effects of age, gender, race/ethnicity, education, IPR, BMI, diabetes,
cardiovascular disease, smoking, and LTPA. The odds of hypertension here were about

2.3 times higher among those with abdominal obesity than in those without abdominal
obesity. The second model, which did not include WC, examined the main effect of BMI on
hypertension risk. This model showed that, after adjusting for the covariables, the odds of
hypertension increase with an increasing BMI. In model two, the odds of hypertension were
about 1.6 times higher for overweight persons as compared to those with a normal BMI, and
3.0 times higher for obese persons as compared to those with normal weight.

Both WC and BMI are included as terms in the third model, which shows that after adjusting
for the covariables, the odds of hypertension were about 1.5 times higher among those

with abdominal obesity as compared to those without abdominal obesity. The fourth model
shows the results of an analysis using a combined, cross-classified BMI and abdominal
obesity variable. This allows estimation of ORs for hypertension risk in the major different
combinations of BMI and WC subgroups. After adjusting for the covariables and using the
BMI/WC subgroup with normal body weight and no abdominal obesity as a referent, the
highest OR for hypertension was seen in the subgroup of individuals who were classified

as both obese and abdominally obese (OR 3.23; 95% CI 2.63-3.96). The lowest OR for
hypertension was seen in the subgroup of individuals who were obese but without abdominal
obesity (OR 1.17; 95% CI 0.62-2.20).

Figure 1 shows smoothed density plots of the distribution of WC measurements for males by
their BMI category and Figure 2 shows the same analysis for females. While we were unable
to test differences between the density plots, in each of the three BMI subgroups (normal
weight, overweight, and obese) there is a clear and consistent pattern of an overall rightward
shift in WC for those with hypertension as compared to those without hypertension. Also
evident in Figures 1 and 2 is an overall rightward shift in the distribution of WC with
increasing BMI category.

DISCUSSION

Our results suggest that abdominal obesity, as defined by the NIH’s WC cutpoints, was
independently associated with increased odds of hypertension even after adjusting for all
other covariates. Adjusting for BMI participants classified as abdominally obese had almost
50% increased odds of being hypertensive when compared with individuals not classified

as being abdominally obese. After adjusting for covariates, the groups of individuals
classified as abdominally obese and normal BMI; as abdominally obese and overweight; and
abdominally obese and obese each had a progressive increase in the odds of hypertension
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when compared with individuals who had a normal BMI and no abdominal obesity. In

the present study, some 271 participants were classified as abdominally obese, yet had

a normal BMI and yet, were at higher odds of being hypertensive when compared to
reference (OR 1.81, 95% CI 1.27-1.81). The overwhelming majority of these were females
(n=258), non-Hispanic white (7= 175), with a mean age of 57 years and median age

of 60 years. It may be possible to explain these findings by pointing to a number of

studies suggesting that older women undergo physiological changes resulting in an increase
in fat mass and a redistribution of fat to the abdominal area.22-24 It is not clear if this
physiological phenomenon, whether it is a function of aging or due to a decline in estrogen
levels (i.e., menopause).2® Similar results were previously reported by Ghandehari et a/.
using NHANES 2003-2004 data, survey participants with normal BMI levels and abdominal
obesity had higher odds of being hypertensive when compared to reference (OR 1.86, 95%
Cl 1.33-2.61).26

It should be noted that while WC is a proxy for abdominal subcutaneous and visceral fat
and BMI is a proxy for total body fat, the two measures are correlated to some extent,

and relatively few participants with abdominal obesity were not classified as overweight or
obese. Conceptually, if two variables are too highly correlated it is difficult to assess their
independent effect on the response variable. Therefore, following the Allison method, we
estimated the logistic regression model using an equivalent weighted linear regression model
with the collinearity diagnostic option (Proc REG/VIF, SAS 9.2).23 Commonly, VIF value
>10 is an indicator of multicollinearity, however VIF as low as 4 have been used in other
studies to indicate serious multicollinearity.2”28 None of the independent variables in the
third model had a VIF value close to 10; the highest VIF value was 3.5 for the independent
variable obesity.

In a recent commentary Bouchard stated “it is hard to believe that much new information
can be added by WAIST (WC; italic mine) once BMI is known.”2? Qur results suggest

that BMI and abdominal obesity are independent predictors of hypertension risk, abdominal
obesity as measured by increased WC is a proxy for abdominal subcutaneous and visceral
fat and BMI is a proxy for total body fat. So while there is some degree of overlap, the
variables are not interchangeable but appear to have additive effects. Therefore abdominal
obesity as measured by WC may independently add to our knowledge about risk factors
related to hypertension.

That the independent effect of abdominal obesity is a surrogate for the independent effect
of abdominal subcutaneous and visceral fat on hypertension and it is supported by recent
studies. Specifically, these studies suggest that excess visceral fat is causally related to
metabolic abnormalities resulting in increased insulin resistance. The studies propose three
explanatory models to explain such a causal association: the portal vein free-fatty acid
model; the endocrine model; and the ectopic fat deposition model.3:30-33 Insulin may
exert its effect on the vascular tone through metabolic actions applied on endothelial

cells stimulating nitric oxide production. Therefore, insulin resistance could result in a

decreased ability of insulin to mediate vasodilatation in vascular tissue resulting in increased
BPp 11,3435
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Currently, there is no universal agreement on the cutpoints to define abdominal obesity,
despite the fact that WC is one of the components of the Adult Treatment Panel 111’s
(ATP 111) and the International Diabetes Federation’s (IDF) definitions of metabolic
syndrome.36:37 Flegal et al,, using NHANES 111 data, pointed out that ATP 111/ criteria
corresponds very closely to the 95% distribution of WC in healthy men and women.38

Further complicating the issue is the fact that there is no universally accepted anatomical
site to measure WC (Mason and Katzmarzyk suggest four anatomical locations: superior
border of the iliac crest, midpoint between the iliac crest and lower rib, umbilicus,

and minimal waist.39) and the choice of site significantly influences abdominal obesity
classification especially in women.3% The measurement of WC at the level of the iliac crest
is recommended by NIH and the National Heart and Lung Institute (NHLBI)2 and has been
the NHANES method of measuring WC since 1988 (start of NHANES I11). It is felt that this
landmark is easily identifiable and reproducible both in men and women (ICC, r=0.998 and
r=0.999, respectively).*

Considering the above definitional issues, the review of the literature will be limited to
studies using the NHANES method of measuring WC.

A number of studies using NHANES data examined the relationship between WC

and cardiovascular risk factors. Janssen et al., using NHANES 111 data, examined

whether nesting BMI categories within WC (normal and abdominal obesity) would

improve the prediction power of BMI when assessing obesity related comorbidities,
including hypertension.1* Their findings showed that after adjusting for BMI, WC as

a continuous variable significantly predicted hypertension, whereas BMI levels nested
within WC categories were not a significant predictor of hypertension.1* Ghandehari et

al., using NHANES 2003-2004 data, examined the relationship between WC, BMI, and
cardiometabolic risk factors. They reported that abdominal obesity was independently and
significantly associated with more than three cardiometabolic risk factors, and among these
was hypertension.26 Okosun et al., using NHANES 111 data, reported that abdominal obesity
was independently and significantly associated with twofold and threefold increased risks
of hypertension in men and women, respectively.3° Their reported ORs were higher than
those reported in our current analysis. In our report, participants classified as abdominally
obese had almost 60% increased odds of being hypertensive after controlling for BMI.

This discrepancy may reflect the fact that Okosun et a/. did not include BMI in their
logistics models, whereas our model included BMI, which is highly correlated with WC, and
therefore the observed magnitude of the WC effect is less.

The findings in this report are subject to several limitations. First, the cross-sectional study
design provides only a one-time assessment of WC; therefore, in a strict sense, no causality
of the currently observed association between hypertension and WC can be determined.
Second, the analysis used NHLBI cutpoints which do not account for an age and race/
ethnicity effect on WC.

The study results suggest that the NHLBI definition of abdominal obesity measured at
the iliac crest level was independently associated with hypertension. WC is an easy and
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effective way to measure abdominal obesity. This study’s results also suggest that it may

usl

eful to measure across BMI categories (normal, overweight, and obese) when assessing

hypertension risks.
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National Health and Nutrition Examination Survey.

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.

Page 11



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Ostchega et al.

Page 12

Normal/underweight

0.06

0.04 -

0.02

0.00

Overweight

0.06 -

0.04 -

Density

0.02

0.00

0.06

0.04

0.02 4

0.00

Figure2|.

T T T T
75 100 125 150 175

Centimeters
[ Hypertension No ——-—- Yes|

Distribution of waist circumference for females by body mass index category and
hypertension status: US adults aged 18+ years, NHANES 2007-2010. NHANES 2007-
2010. NHANES, US National Health and Nutrition Examination Survey.

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.



Page 13

Ostchega et al.

Author Manuscript

0T02-2002 SINWVHN :Sonsua1oeIeyd pajoa|as Aq A11Sago [eulopge J0o adusfeAald

(cos-vsv) 6Ly  (OVS—L'6¥w) T2S  ¥IL'E (6'62—0'G2) b1amIsn0
(ce6-606) 026  (56-8'9)0'8 Lee'e (0°Ge>) ubramuapun/|ewioN
100°0> (/) xapui ssew Apog
(815-z'Sv) S8y (8vS—28v) §TS  81SC (7
(e6v-Tvy) L'9y  (6'G5-L'0S) €€S  Tv9'Z 6'€0¢C
(eLr-9ov)6'er  (7'65-L2S) T9S  €9L°C 6T-0T
(res-zvr)esy  (8'65-9'2¥) LTS ¥12'C 0T>
50'0< onel Ausnod oy awoaut Afiwe-
(z15-0'9v) 98y  (0'VS—8'8W) ¥'TS  996'F 10043s ybiy ueyy a0\
(ssr-sov) oer  (G65-G¥S) 026 2ES'T [00yos ybiH
(8sv-96€) 92y  (109-T¥S) v'.S  9TT'E 100ys ybiy uey) ssa
100°0> uoneanp3g
(Gov-oov) zer (009-G'€G) 895  ¢€T'C »2e|q dluedsiH-UON
(Ter-vev) L'sy  (9°95-6TS) EVS  L92'S a)ym o1uedsIH-uoN
(0zsvvv)zey  (9°65-0'8%) 8'TS  0€T'E oluedsiH
100'0> Auoiuyrs/aoey
(g6e-v'se) vie  (9¥9-G09) 929  T6S'G afewaS
(L65-6'vS) €L5 (T'Sr—€0V) L2y ¥SS'S aleN
T00°0> 19pUs9
(9Tr-6've) 286  (1'G9-1'8S) 8'T9 759 alow Jo 08
(Tee-v'8z) L0 (9T.-6'99) €69  ¥96'C 6.-09
(8vv-96€) T2y ('09-2'GS) 626  69S'E 65-0v
(zv9-€89) €19 (L'Tr-8GE)L'8E  8S6'E 6€-8T
T00'0> (s1eaA) dno.b aby
(tev-esv)zLy (L'vS605) 825  SYI'TT [eroL
2nead (12 %56) 1us0.ed Moy BgwnN

ON

SOA

A¥s900 feuiwopqy

| T a1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.



Page 14

Ostchega et al.

"AaAINS UOIBUIWEXT UONLINN PUe Y1[eaH [eUONEN SN ‘STINWVHN :[eAlalul 80Uspluod ‘1D

"S9[Wa} 104 SISIBLUIIUSD 2I0W IO 88 PUE SBJBW J0J SISIBLUIIUSD 3I0W 10 ZOT 4O 30USISJUNDIIID ISTEM B SB Paulyap sI ANSaqo [eulwopay

"30uspuadapul Jo Hmﬁ-wx 104 anjend

(6'v9-€85) 919 (L'Tr-TGE) '8 ¥62'C >8amyuIW alow 10 00€
(r16-esr) ver  (LvS-9'8r) 9TS  T6L'T Y9am/ulw 00g uey) ssa
(cTr-0'28) T6E  (0€9-8'85) 609  2V0'9 3UON

T00°0> Apnigoe [2a1sAyd awi—a.nsta 7
(095-9'08) £€5  (r'6v-0v¥) L'9y 85T waund
(0Tr-z9g) 98 (8'€9-0'69) ¥'T9  L€9'C Jawio4
(96v-8€v) L9y  (2'95-'05) €€S  €T9'S SETEIN

T00°0> Bunyows anasebln
(ev-esv) vy  (L'vS-G'08) 928  999'6 ON
(ote-g€e) viz (59.-1'89) 9¢L 6v8 SOA

T00'0> aSBaSIp J8|NISENOIPIBD
(815-8'Lv) 86y (2eS—28y) 205 0986 ON
(7'72-0'6T) 08T  (0'68-9'82) 028  9/2'T SOA

100°0> sa1eqelq
(wv-62) e  (TL6-9G6)S96  ¥¥0'v (0°0€<) 85900

onend (1D %S6) W22 lod Moy eI

ON

SOA

A¥s9q0 [euiwopqy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.



Page 15

Ostchega et al.

Author Manuscript

600> (€129 v6T  (L82-T02)zve  lee'e  (0°Gg >) ubramiapun/iewioN
*\ "Alyb) xapur ssew Apog

1000> (Szz—891) 56T (99e-CT1E)8EE  8IST (O

T000> (6'92-8'02) 8'cc (6'8-€'2€) S'GE  TH9'C 6'€-0¢C

1000> (99z-602) L'€c (€8e-TvE)T9E  €9L'C 6T-0T

1000> (evz-58T) 2T (ETr-9ve)6'Le  ¥Ie'e 0T>
ones Auanod oy auioaui AjiureS

T000> (8Te¥2T)G6T (€SE-CTE) TEE  996'F 100y2s yB1y uey) 310N

1000> (0'9z-€02) 0'cc  (Lov-6'vE) 8L  2€S'C 100Yds ybiH

1000> (L9z-8T2)zve (66e-8vE)E€LE  OTT'E [00ys ybiy uey) ssa]
LLoneonps

1000> (02e-5'92)z62 (0TS-6'EW) v’y  CET'C 39€|q d1UedsiH-UON

1000> (rze-T81) 20z (C9e-6TE)THE  L92'G aNyMm dluedsIH-UON

T000> (F'12-6'LT) 96T (S2€-€'62)6'0¢  0€2'E dluedsiH
\oRESm\%mQ

1000> (20z-2ST)6LT (GVE-8TE)T'EE  T6S'S aJewaS

1000> (0G2-z12)Tee  (VOr-v'SE)6'.€  ¥SS'S aleN
AaPUs

G00<  (508-v'69) ¥'GL (2'G8-G'9L) C'18 59 alow 1o 08

1000> (TvS-9vv) €6y (v'2L-2',9)869  ¥96'C 6.-09

T000> (€€2-291) 86T (€Tr-T'L€) L'6E  695'E 650

100'0> (Seve)ev (8'€T-€'6) ¥'TT 856'€ 6€-81
(s1eaA) dnoib aby
7000> (L2z-96T) 0Tz ('9g-9°€€) 0'GE  GYT'TT 0L

anfeAd (1D %S6) uosua}RAAH % JoquinN

ON

SOA

Aysaqo feuiwopqy

| Z s1qeL

Author Manuscript

Author Manuscript

0T02—-200Z SINWVHN :A11saqo eutwopge Aq uoisuanadAy Jo aousjeaald d1j10ads-abe pue paisnipe-aby

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.



Page 16

Ostchega et al.

"AaAING UOITRUIWEXT UONLINN PUE Y1[eaH [eUONEN SN ‘SINWVHN ‘[eAlalul 30Uspyuod ‘1D

'S9[WSY 104 SIBIBLUIUSD 2JOW IO 88 PUB SBJRW IO SIBIBLUIIUSD 3I0W 0 ZOT 4O 30USISHUNDIIID ISIEM B SB Paulyap sI A1IS8qo [euliopay

‘pasnipe-aby
*

T000> (T'2z-8'GT) 28T (2'€€-0'9¢) S'6¢  ¥62'C Y99M/UlLU 810W J0 00

1000> (8€z—281) 1Tz (09e-8TE)6'EE  T6L'T >9am/uIW OOE Uey) ssa7

T000> (8'€z-802) €2 (z6€-GGE) €L ¢v0'9 BUON
\p\\_\ﬁm 129ISAYd awin—a.nsta 7

1000> (55c-66T) 92 (cLe-02€)9¥E  8SE'T waun)

T000> (c€z-6'9T)6'6T (TOV-L'€€)6'9€  L€9'C Jawuio4

1000> (T'€z—¢6T) 0T  (99e-82€)9¥E  E€T9'G JanaN
*9\.&@5% ENEY i)

1000> (T'2z-0'61) 50z (L'Ge-G2€)T¥E  999'6 ON

G00< (026822 LTy (6'69-€'LY) T'6S 678 SOA
aSBasIp J8jNISeNoIPIBD

1000> (Tzz-881) 0z (0¥E-TT1€)9ZE  098'6 ON

100> (215-862) 007 (6'G9-T'€S) L'6G  9/2'T SOA
Saeqeia

1000> (e62-L21)0€  (CTV-T1'8E) L'6E  ¥h0'Y (00e ) 8900

G00> (29z0T2) € (L82-¥'Se)0Le  ¥aL'e (6'62-0°Ge) Wb1amIan0

anfeAd (1D %S6) UosualRAAH % JoquinN

ON

SOA

A¥s900 [euiwopqy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.



Page 17

Ostchega et al.

Apnioe [2a1sAyd awi—a.nsta 7

(21'1-92°0) 260

(TT'1-920) 260

(€T'1-220) €60

(S0'1-220) 280

ua.uund

(ET'T-¥8'0) 86°0

(ET'T-¥8'0) 86°0

(ST'T-98°0) 66°0

(21'1-€8°0) 96°0

JawiioS

13AaN

Bunyows apa.1ebld

ON

(zez-erT) 281

(TeZ-Tr'1) 18T

(9e'Z-v7'T) ¥8'T

(ve'z-2r1) €8T

SOA

9SLISID JBINISENOIDIED

ON

(v0'e-102) LV

(s0'e-€02) 672

(2T'e-902) €52

(62€-LT2) 19T

SOA

sapeqeIq

(86'0-690) €80

(86'0-690) €80

(66'0-020) €8°0

(66'0-690) €80

Jooyas ybiy ueyy s10N

(02'T-28°0) 66°0

(02'T-28°0) 66°0

(T2'1-28°0) 00'T

(T2'1-€8°0) 00°'T

[00yos ybiH

Jooyos ybiy ueyy sse

uoneonpg

(ezz-67T) 28T

(Tgz-17'1) 08T

WTZz-vr1)9LT

(v€'2-GS'T) 06'T

>oe|g o1uedsiH-UoN

811U OluedsiH-UON

(82'0-850) £9°0

(82°0-250) 290

(92°0-950) 59°0

(08'0-09°0) 690

oluedsiH

Ao1uyg/e08y

(€6'0-€2°0) 28°0

(€6'0-€20) 280

(T0'1-18°0) 060

(98'0-99°0) 520

alewaS

BT

19pUI9

(1°95-1'82) TOV

(1°95-8'82) Z'0v

(9°65-5°0€) 9'¢v

(69v-2'¥2) L'€e

alow 1o 08

(T02-L21) 0'9T

(T°02-L21) 0'9T

(0TZ-€€T) L'9T

(7r'81-9°TT) 9¥T

6.-09

(28'5-69°€) €9

(98'5-02€) 99t

(00'9-18€) 8LV

(19'6-15°¢) ev'v

65-0v

6€-8T

(s1ea/) dno.b aby

(10 %S6) 011 1SPPO

Author Manuscript

| € sjqeL

Author Manuscript

Author Manuscript

0T0Z—200Z SINVHN :uoisusnadAy oy sonel sppo paisnipy

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.



Page 18

"|apow U1 papnjoul 10U ‘eu ‘dnoJf 80UsIBYRI SI0UBP ‘— ‘ABAINS UOITRUILIEXT UOIILINN PUB UYedH [eUOleN SN ‘SINWHN :[eAI8)ul 80Uspyuod [

"So[eLUa) J0J SI918WIIUSD 810W 1O §g PUE S3[eL J0J SI918WIIUSI 310W 0 ZOT 4O 30UBJBJLUNIIID ISIEM B S PauLap si AlISsqo leuIwopaw,

‘AIAnoe [eaisAyd awin—ainsia] pue ‘Buijows anasebio ‘aseasip JejnaseAolpaed ‘salagelp ‘uoireanpa ‘Alotuyls/adel ‘Japuab ‘dnolb abe sapnjoul [apow paisnipy

Ostchega et al.

(022-290) LT'T

5900 ‘ON

(LLT-80T) 8E'T

1yBramiano ‘oN

'u

'u

'eu

[ewJou ‘'oN

(96°€-€92) €€

95900 ‘SeA

(S2'z-S5'1) 18°T

1YBIBMIBAO ‘SBA

(152-82T) 18T

JeWLIOU ‘SBA

Xapul ssew Apoq A11saqo [eunuopqy

(652-€9'T) S0'C

(09°€-€¥'2) 96°C

(0°0€=) 8s800

(#S'T-€0'T) 92°T

(#8'1T-2€T) SS'T

(6'62-0°52) 1b13MIBAO

eu

eu

(0°5z>) Branuspun/jewoN

(1W8) xapui ssew Apog

eu

eu

ON

(18'T-L2T) 15T

(T22-86'T) 2€C

SAA

m\a\mm% [ediwopqy

>89M/UIW 3I0W 10 00E

(65 T-¥0T) 62T

(65 T-¥0'T) 62T

(T9T-90'T) 0E'T

(T9'T-v01) 62°T

8aM/UIW 00E UeY) SSa

(0£T-2TT) 8T

(02T-2TT) 8T

WLTVTT) 7T

(P2 T-9TT) 2r'T

3UON

(10 %g6) 011 1SPPO

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2022 December 13.



	Abstract
	METHODS
	Survey description.
	Sample.
	Outcome variables.
	Demographic covariates.
	Other covariates.
	Statistical analyses.

	RESULTS
	DISCUSSION
	References
	Figure 1 |
	Figure 2 |
	Table 1 |
	Table 2 |
	Table 3 |

