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Abstract

Introduction

Hypertension is a leading risk factor for heart attack and stroke. Undiagnosed hypertension

increases the risk of heart attack and stroke. The risk of hypertension is increased for those

with type 2 diabetes mellitus (T2DM). Diabetes self-management education (DSME) has

been shown to be effective at improving clinical outcomes, including reducing blood pres-

sure, but few studies have evaluated the effects of DSME for Native Hawaiians and Pacific

Islanders.

Methods

This study examined the baseline prevalence of diagnosed hypertension and undiagnosed

high blood pressure and differences in health care access between those with diagnosed

hypertension versus undiagnosed high blood pressure. The sample consisted of 221 Mar-

shallese adults with T2DM participating in a DSME randomized controlled trial in northwest

Arkansas. The study also examined the effects of DSME interventions on participants’

blood pressure, comparing an Adapted-Family DSME with a Standard DSME.

Results

Nearly two-thirds of participants had blood pressure readings indicative of hypertension,

and of those, over one-third were previously undiagnosed. The frequency of doctor visits

was significantly lower for those with undiagnosed high blood pressure. There were no

differences in health insurance coverage or forgone medical care between those with
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undiagnosed high blood pressure versus diagnosed hypertension. Across all participants, a

significant reduction in systolic blood pressure occurred between baseline and post inter-

vention, and a significant reduction in diastolic blood pressure occurred between baseline

and post-intervention, 6 months, and 12 months post-intervention. No differences were

observed by study arm.

Conclusion

This study is the first to document the prevalence of diagnosed hypertension and undiag-

nosed high blood pressure, as well as the effects of DSME on blood pressure among a sam-

ple of Marshallese adults with T2DM.

Introduction

Hypertension is one of the leading risk factors for heart attack and stroke. Over 100 million

adults aged 20 years and older in the United States (US) have hypertension [1]. Minority popu-

lations, including blacks, Native Americans, and Native Hawaiians and Pacific Islanders

(NHPI), have higher rates of hypertension compared with whites [2–4]. The risk of hyperten-

sion is increased for those who have type 2 diabetes mellitus (T2DM) [5,6].

More than 11 million adults in the US have hypertension that is undiagnosed [7]. Undiag-

nosed and untreated hypertension increases the risk of heart attack and stroke [8]. Undiag-

nosed hypertension is associated with age, education, income status, race/ethnicity, obesity,

and health insurance status [9–11]. However, there has been limited research regarding its

prevalence and associated risk factors among NHPI.

Despite the growing population of NHPI in the US, which has increased 40% from 2000 to

2010 [12], NHPI are underrepresented in health research, and many population-based studies

do not report hypertension prevalence for NHPI. One exception is the 2014 NHPI National

Health Interview Survey (NHPI NHIS), which found 29.8% of NHPI adults self-reported a

previous hypertension diagnosis [4]. Analysis of state-level data in Hawaii demonstrated a

prevalence of hypertension that was higher among NHPI than among Whites or Asians, docu-

menting prevalence as high as 48% among NHPI [13–15].

Arkansas has experienced a significant increase in NHPI community members, most of

whom are Marshallese. The growing Marshallese population, now estimated at more than

10,000 residents [16], is primarily located in northwest Arkansas. A study of Marshallese adults

living in northwest Arkansas (N = 396) found 38.4% had T2DM and 41.2% had hypertension.

Among those with blood pressure readings indicative of hypertension, 66.0% had not been

previously diagnosed with hypertension by a healthcare professional [17].

Diabetes self-management education (DSME) has been shown to be effective at improving

clinical outcomes, including reducing blood pressure [18,19]. However, few studies have

examined the effects of DSME in NHPI communities [20,21]. The present study used data

from a randomized controlled trial (RCT) comparing the effectiveness of a Standard DSME

curriculum with an Adapted-Family DSME curriculum among Marshallese adults in north-

west Arkansas. (See Intervention Description below.) Results of this RCT demonstrated signifi-

cantly greater improvements in adjusted mean HbA1c in the Adapted-Family DSME arm

compared with the Standard DSME arm at post-intervention (Adj. Mean Diff. = -0.61%,

p = 0.04) [22]. However, the effects of the DSME interventions on blood pressure have not

been examined.
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Purpose of the study

The study aims to report the prevalence of diagnosed and undiagnosed hypertension among a

sample of Marshallese adults with T2DM, explore if healthcare access is associated with lack of

a previous diagnosis, and evaluate the effect of a culturally adapted DSME intervention on

blood pressure.

Methods

The RCT took place in Washington and Benton counties in northwest Arkansas. Bilingual

Marshallese research staff recruited potential participants through community-driven meth-

ods which have been described elsewhere [22]. Participants were Marshallese adults (aged 18

and older) who had T2DM (defined as HbA1c�6.5%). Eligible participants were provided

information about the study in English and/or Marshallese and were provided opportunities

to enroll in the study. Participants were consented and randomly assigned to one of two arms:

the Adapted-Family DSME or the Standard DSME.

Intervention description

The Standard DSME provided a total of 10 hours of education, covering eight core elements

across sessions consistent with the American Diabetes Association (ADA) and American

Association of Diabetes Educators’ (AADE) recommendations regarding self-care behaviors,

including healthy eating, being active, managing stress, and taking prescribed medications

[23]. Participants’ family members in the Standard DSME arm were not included in the educa-

tion sessions. Sessions were conducted at a local non-profit center well known to participants

and accessible to the Marshallese community.

The Adapted-Family DSME also provided 10 total hours and covered the same eight core

elements of the Standard DSME. The Adapted-Family DSME was culturally adapted using a

community-based participatory research (CBPR) approach to include culturally appropriate

ontologies and examples. Participants were encouraged to invite family members to participate

in the intervention, and the curriculum focused on the importance of engaging family mem-

bers in behavioural changes. The Adapted-Family DSME was conducted in participants’

homes. The interventions were implemented between 2015 and 2018. A detailed description of

each intervention has been published elsewhere [22,24].

Retention efforts across both study arms included bi-weekly participant email and phone

contact. A $20 gift card was provided at each of the four data collection events (i.e., baseline,

immediate post-intervention, 6 months post-intervention, and 12 months post-intervention.).

The University of Arkansas for Medical Sciences Institutional Review Board approved the

study (#203482), and it was registered at clinicaltrials.gov (#NCT02407132) and HSRProject

(#HSRP20152031).

Measurements

At each of the four data collection events, self-reported diagnosis of hypertension and health

care access were obtained using items from the Behavioral Risk Factor Surveillance System

(BRFFS) [25]. Self-reported diagnosis of hypertension was determined by the survey question

“Has a doctor, nurse, or other health professional ever told you that you had hypertension?”

Health care access was determined by the survey questions “Do you have any kind of health

care coverage, including health insurance, prepaid plans such as HMOs, or government plans

such as Medicare?” and “Was there a time in the past 12 months when you needed to see a doc-

tor but could not because of cost?”
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Trained study staff took participants’ blood pressure. Systolic blood pressure (SBP) and dia-

stolic blood pressure (DBP) were measured with a sphygmomanometer and stethoscope or

digital blood pressure device, with the participant seated and arm elevated. Participants were

considered to have hypertension at baseline based on established diagnostic criteria: SBP�130

mm Hg or DBP�80 mm Hg [1].

Sample

A total of 221 Marshallese adults with T2DM were enrolled. All of the enrolled participants

were analysed to determine the prevalence of previously diagnosed hypertension and undiag-

nosed high blood pressure. Blood pressure readings were indicative of hypertension for 139

participants at baseline. All 139 participants with blood pressure readings indicative of hyper-

tension at baseline were examined to determine if participation in DSME reduced blood pres-

sure over time and/or differentially by intervention study arm. Of those 139 participants with

blood pressure readings indicative of hypertension at baseline, 135 responded to the survey

question regarding previous hypertension diagnosis. These 135 participants comprised the

sample used to determine the prevalence of diagnosed hypertension and undiagnosed high

blood pressure and to determine if there was an association between health care access and

undiagnosed high blood pressure; See Fig 1 for the participant sample flow diagram.

Statistical analysis

Descriptive statistics were used to determine the percentage of participants with hypertension

and the percentage of participants with undiagnosed high blood pressure. The number of

times patients visited a doctor, nurse, or other health professional in the past 12 months and

hypertension diagnosis was examined using an independent t-test. Insurance coverage and

foregone medical care due to cost and hypertension diagnosis were examined using chi-square

tests. To determine if participation in DSME reduced blood pressure over time and/or differ-

entially by intervention study arm, two linear mixed-effects regression models for repeated

measures were fitted to estimate the impact on SBP and DBP. Three repeated time-point com-

parisons were used: baseline to 9-weeks, 6-months, and 12-months post-intervention.

Both regression models were adjusted for participant characteristics (sex, age, marital sta-

tus, employment status, and education level). Study arm and control variables were treated as

fixed effects, while time was treated as a random effect, with the assumption of unstructured

covariance for both models. Interaction between study arm and time-points was tested within

the model. All analyses were performed using SAS/STATv14.2 [26]. An a priori alpha of 0.05

was set as the two-tailed statistical significance level. Clinically meaningful improvements were

defined as a reduction of 5 mmHg for SBP and 2 mmHg for DBP, which represent a 13% and

11.4% risk reduction of stroke, respectively, for individuals with T2DM [27]. Additionally, a 5

mmHg reduction in SBP has been found to reduce the risk of congestive heart failure (CHV)

by 24% for those with T2DM [28].

Results

Among the 221 participants enrolled in the DSME trial, 139 (62.9%) had blood pressure read-

ings indicative of hypertension at baseline. Among those 139 participants, more than half

(56.8%) were women, and the mean age was 54 years (SD = 10.5). Among the 135 with blood

pressure readings indicative of hypertension and valid responses to the item regarding previ-

ous hypertension diagnosis, 52 (38.5%) had undiagnosed high blood pressure. Table 1 provides

a summary of demographic characteristics and biometric measures.
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Fig 1. Participant sample flow diagram.

https://doi.org/10.1371/journal.pone.0250489.g001

Table 1. Descriptive statistics of demographics and biometric measures among participants with blood pressure

readings indicative of hypertension.

Measure Total (n = 139) Family DSME (n = 74) Standard DSME (n = 65)

Male 60 (43.2) 37 (50.0) 23 (35.4)

Employed 48 (34.5) 32 (43.2) 16 (24.6)

Married 99 (71.2) 52 (70.3) 47 (72.3)

Education

Less than HS Diploma/GED 83 (59.7) 48 (64.9) 35 (53.9)

HS Diploma/GED 39 (28.1) 19 (25.7) 20 (30.8)

More than HS Diploma/GED 17 (12.2) 7 (9.5) 10 (15.4)

Age† 54±10.5 52.5±10.0 56.1±10.8

SBP†

Baseline 145.6±19.1 143.4±18.9 148.0±19.3

9 Weeks 139.2±22.3 137.6±23.2 141.0±21.4

6 months 140.86±24.9 141.9±25.6 139.6±23.9

12 months 138.3±23.0 135.1±21.9 141.6±23.9

DBP†

Baseline 83.9±10.8 84.1±10.6 83.8±11.2

9 Weeks 79.4±10.5 79.5±9.9 79.3±11.2

6 months 78.3±10.9 79.8±10.5 76.4±11.2

12 months 77.7±11.2 76.9±10.7 78.5±11.7

Values are n (%) unless otherwise indicated;
†Mean±Standard Deviation; DSME = diabetes self-management education; HS = high school; GED = general

education diploma; SBP = systolic blood pressure; DBP = diastolic blood pressure.

https://doi.org/10.1371/journal.pone.0250489.t001
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Participants with undiagnosed high blood pressure reported seeing the doctor significantly

fewer times per year (Mean = 1.96, SD = 2.60) compared with those with previously diagnosed

hypertension (Mean = 3.37, SD = 3.38) (t = 2.73, p<0.01). There were no statistically signifi-

cant differences based on insurance coverage or forgone medical care between those with

undiagnosed high blood pressure versus those with previously diagnosed hypertension.

In the first two mixed-effects models, the interaction between study arm and time was not

significant for SBP (p = 0.26) or DBP (p = 0.06). Therefore, it was not included in subsequent

models. Parameter estimates resulting from the two final mixed-effects regression models are

provided in Table 2.

First, among all participants with blood pressure readings indicative of hypertension at

baseline (n = 139), there was a significant decrease in systolic blood pressure between baseline

and immediate post-intervention (B = -5.83, p = 0.02), but not between baseline and 6-month

(p = 0.34) or 12-month post-intervention (p = 0.07). However, there was no statistically signifi-

cant difference in systolic blood pressure between study arms (p = 0.31). Second, a significant

decrease in diastolic blood pressure between baseline and immediate post-intervention (B =

-4.38, p<0.001), 6-month (B = -5.56, p<0.001), and 12-month (B = -6.17, p<0.001) post-inter-

vention was achieved; however, there was no statistically significant difference between study

arms (p = 0.72).

Discussion

Marshallese with T2DM had a high prevalence of diagnosed hypertension or undiagnosed

high blood pressure (62.9%), more than three times the prevalence of hypertension (19.2%)

recorded in the only prior study reporting hypertension (�140/90) among Marshallese with

T2DM [17]. Among those with blood pressure readings indicative of hypertension, prevalence

of undiagnosed high blood pressure was found to be 38.5% among Marshallese with T2DM,

which is higher than the undiagnosed hypertension (�140/90) documented in other popula-

tions [9,29–32].

Table 2. Mixed effects regression models: Systolic and diastolic blood pressure.

Measure B SE df t p
Systolic Blood Pressure

Study arm 2.69 2.64 132 1.02 0.31

Baseline† - - - - -

9 weeks†† -5.83 1.94 132 3.00 0.02

6 months†† -3.69 1.92 132 1.95 0.34

12 months†† -5.29 2.07 132 2.55 0.07

Diastolic Blood Pressure
Study arm 0.52 1.45 132 0.36 0.72

Baseline† - - - - -

9 weeks†† -4.38 1.07 132 4.11 <0.001

6 months†† -5.56 1.02 132 5.47 <0.001

12 months†† -6.17 1.11 132 5.57 <0.001

Note: Each model includes age, sex, marital status, employment status, and education level as control variables.
†Baseline is the reference category;
††Bonferroni adjusted values for 9 week, 6 month, and 12 month post intervention.

There was no significant study arm by time interaction in either model. Marginal time effects are reported.

https://doi.org/10.1371/journal.pone.0250489.t002
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This study found that participants with T2DM and undiagnosed high blood pressure visited

the doctor significantly less frequently than those who had been previously diagnosed with

hypertension. However, this study did not find significant differences between having diag-

nosed hypertension or undiagnosed high blood pressure and insurance status. This finding is

in contrast to prior research from the National Health and Nutrition Examination Survey

(NHANES) that showed 30% of hypertensive adults without health insurance were unaware of

their hypertension compared with 14.4% of those with health insurance [11]. This study’s find-

ings suggest barriers beyond insurance status are constraining hypertension diagnosis in the

present sample. Prior literature suggests that language barriers may reduce appropriate diag-

nosis in other populations [33], and several studies have demonstrated language barriers

among Marshallese receiving care in the US [34–36]. Additional research is needed to under-

stand if language barriers are associated with undiagnosed high blood pressure.

The high prevalence of undiagnosed high blood pressure paired with reduced frequency of

health care provider visits for those with undiagnosed high blood pressure poses a significant

concern, because hypertension is a leading risk factor for heart attack and stroke [1,37], and

prior literature has demonstrated that NHPI have an increased rate of stroke morbidity and mor-

tality [14,38,39]. Furthermore, prior literature among NHPI has documented limited knowledge

related to heart attack and stroke [40]. The high risk related to undiagnosed high blood pressure

combined with a lack of heart attack and stroke knowledge demonstrates a need for accessible

hypertension screening and culturally appropriate health education among Marshallese.

Consistent with prior literature in other populations, exposure to DSME improved blood

pressure [41]. While this improvement was observed for SBP at statistically significant and

clinically meaningful levels at post-intervention only, improvements in DBP more than dou-

bled clinically meaningful levels and persisted over time. This study makes a significant contri-

bution to the literature as the first study to demonstrate the effect of DSME on blood pressure

in a sample of Marshallese adults with T2DM. Many of the components of the DSME curricu-

lum align with suggested lifestyle modifications for reducing blood pressure, including reduc-

ing weight, healthy eating, being active, and managing stress [42].

Limitations & strengths

This study only included Marshallese participants with T2DM living in Arkansas and cannot

be generalized to Marshallese living outside of Arkansas, other populations, or those without

T2DM. The study sample was limited to those who had blood pressure readings indicative of

hypertension at baseline. This led to a slight underestimate of hypertension prevalence in the

overall sample, as any participants with a previous diagnosis of hypertension but currently

controlled blood pressures were excluded from analyses. Furthermore, the analytic sample was

refined based on self-reported previous diagnosis of hypertension. Although self-reported

hypertension status is not as accurate as medical records and/or laboratory measures, it is a

commonly used measure in population-based studies such as the BRFSS, NHANES, and NHIS

and has been validated in numerous races/ethnicities as well as in other countries [43–49].

Additionally, the original study design was not powered to test hypotheses regarding undiag-

nosed high blood pressure but was powered to detect changes in HbA1c. Similarly, because the

primary outcome of the study was change in HbA1c, information regarding current blood

pressure medication was not captured and therefore could not be controlled for in the current

analyses. Finally, the intervention was aimed at improving the management of T2DM, rather

than high blood pressure. Future studies should be powered to test for differences in blood

pressure outcomes between various treatments, each designed specifically to reduce blood

pressure through a variety of educational and health care options.
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Despite these limitations, this is the first study to document diagnosed hypertension and

undiagnosed high blood pressure among Marshallese with T2DM and the effect of DSME on

blood pressure. This study makes a significant contribution to the literature on an understud-

ied population facing stark health disparities.
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8. Korhonen PE, Kautiainen H, Järvenpää S, et al. Target organ damage and cardiovascular risk factors

among subjects with previously undiagnosed hypertension. Eur J Prev Cardiol. 2014; 21(8):980–8.

https://doi.org/10.1177/2047487312474530 PMID: 23335655

9. Kanungo S, Mahapatra T, Bhowmik K, et al. Patterns and predictors of undiagnosed and uncontrolled

hypertension: observations from a poor-resource setting. J Hum Hypertens. 2017(31):56–65. https://

doi.org/10.1038/jhh.2016.30 PMID: 27193382

10. Kim EJ, Kim T, Conigliaro J, et al. Racial and Ethnic Disparities in Diagnosis of Chronic Medical Condi-

tions in the USA. Journal of general internal medicine. 2018; 33(7):1116–23. https://doi.org/10.1007/

s11606-018-4471-1 PMID: 29736755

11. Paulose-Ram R, Gu Q, Kit B. Characteristics of U.S. Adults With Hypertension Who Are Unaware of

Their Hypertension, 2011–2014. NCHS Data Brief. 2017(278):1–8. PMID: 28463104

12. Hixson L, Hepler B, Kim M. The Native Hawaiian and Other Pacific Islander population 2010. Washing-

ton, DC: United States Census Bureau; 2012.

13. Aluli N, Jones K, Reyes P, et al. Diabetes and cardiovascular risk factors in Native Hawaiians. Hawaii

Med J. 2009; 68(7):152–7. PMID: 19653416

14. Aluli NE, Reyes PW, Brady SK, et al. All-cause and CVD mortality in Native Hawaiians. Diabetes Res

Clin Pract. 2010; 89(1):65–71. https://doi.org/10.1016/j.diabres.2010.03.003 PMID: 20392507

15. Nguyen D-M, Salvail F. The Hawaii Behavioral Risk Factor Surveillance System: 2012 Results. Hono-

lulu, HI: State of Hawaii, Department of Health; 2013.

16. United States Census Bureau. American Community Survey Demographic and Housing Estimates:

2012–2016 ACS 5-year estimates, Table DP05 2016 factfinder.census.gov.

17. McElfish P, Rowland B, Long C, et al. Diabetes and hypertension in Marshallese adults: Results from

faith-based health screenings. J Racial Ethn Health Disparities. 2017; 4(6):1042–50. https://doi.org/10.

1007/s40615-016-0308-y PMID: 27837454

18. Chrvala CA, Sherr D, Lipman RD. Diabetes self-management education for adults with type 2 diabetes

mellitus: A systematic review of the effect on glycemic control. Patient education and counseling. 2016;

99(6):926–43. https://doi.org/10.1016/j.pec.2015.11.003 PMID: 26658704

19. Pamungkas RA, Chamroonsawasdi K, Vatanasomboon P. A systematic review: Family support inte-

grated with diabetes self-management among uncontrolled type II diabetes mellitus patients. Behavioral

sciences (Basel, Switzerland). 2017; 7(3). https://doi.org/10.3390/bs7030062 PMID: 28914815

20. Sinclair KA, Makahi EK, Shea-Solatorio C, et al. Outcomes from a diabetes self-management interven-

tion for Native Hawaiians and Pacific People: Partners in Care. Ann Behav Med. 2013; 45(1):24–32.

https://doi.org/10.1007/s12160-012-9422-1 PMID: 23086589

21. Reddy R, Trinidad R, Seremai J, et al. Marshallese diabetic health improvement pilot project in Ebeye.

Californian Journal of Health Promotion. 2009; 7:125–30.

PLOS ONE Elevated blood pressure and the effects of DSME among Marshallese with type 2 diabetes in Arkansas

PLOS ONE | https://doi.org/10.1371/journal.pone.0250489 April 22, 2021 9 / 11

https://doi.org/10.1111/jch.13089
http://www.ncbi.nlm.nih.gov/pubmed/28856834
https://doi.org/10.2147/DMSO.S51325
http://www.ncbi.nlm.nih.gov/pubmed/24082791
https://doi.org/10.1185/03007995.2016.1168291
https://doi.org/10.1185/03007995.2016.1168291
http://www.ncbi.nlm.nih.gov/pubmed/26986190
https://doi.org/10.15585/mmwr.mm6729a2
https://doi.org/10.15585/mmwr.mm6729a2
http://www.ncbi.nlm.nih.gov/pubmed/30048423
https://doi.org/10.1177/2047487312474530
http://www.ncbi.nlm.nih.gov/pubmed/23335655
https://doi.org/10.1038/jhh.2016.30
https://doi.org/10.1038/jhh.2016.30
http://www.ncbi.nlm.nih.gov/pubmed/27193382
https://doi.org/10.1007/s11606-018-4471-1
https://doi.org/10.1007/s11606-018-4471-1
http://www.ncbi.nlm.nih.gov/pubmed/29736755
http://www.ncbi.nlm.nih.gov/pubmed/28463104
http://www.ncbi.nlm.nih.gov/pubmed/19653416
https://doi.org/10.1016/j.diabres.2010.03.003
http://www.ncbi.nlm.nih.gov/pubmed/20392507
https://doi.org/10.1007/s40615-016-0308-y
https://doi.org/10.1007/s40615-016-0308-y
http://www.ncbi.nlm.nih.gov/pubmed/27837454
https://doi.org/10.1016/j.pec.2015.11.003
http://www.ncbi.nlm.nih.gov/pubmed/26658704
https://doi.org/10.3390/bs7030062
http://www.ncbi.nlm.nih.gov/pubmed/28914815
https://doi.org/10.1007/s12160-012-9422-1
http://www.ncbi.nlm.nih.gov/pubmed/23086589
https://doi.org/10.1371/journal.pone.0250489


22. McElfish P, Long C, Kohler P, et al. Comparative effectiveness and maintenance of diabetes self-man-

agement education interventions for Marshallese type 2 diabetes patients: a randomized controlled

trial. Diabetes Care. 2019; 42:1–9.

23. American Association of Diabetes Educators. AADE7 Self-Care Behaviors. Chicago, IL: American

Association of Diabetes Educators; 2014.

24. Yeary KHK, Long CR, Bursac Z, et al. Design of a randomized controlled comparative effectiveness

trial testing a Family Model of Diabetes Self-Management Education (DSME) vs. standard DSME for

Marshallese in the United States. Contemp Clin Trials Commun. 2017; 6:97–104. https://doi.org/10.

1016/j.conctc.2017.03.007 PMID: 29740640

25. Centers for Disease Control and Prevention. Behavioral Risk Factor Surveillance System (BRFSS)

2017 http://www.cdc.gov/brfss/.

26. Inc. SI. SAS/STAT. 14.2 ed. Cary, NC2016.

27. Grossman A, Grossman E. Blood pressure control in type 2 diabetic patients. Cardiovasc Diabetol.

2017; 16(1):3. https://doi.org/10.1186/s12933-016-0485-3 PMID: 28056987

28. Verdecchia P, Angeli F, Cavallini C, et al. Blood pressure reduction and renin-angiotensin system inhibi-

tion for prevention of congestive heart failure: a meta-analysis. Eur Heart J. 2009; 30(6):679–88. https://

doi.org/10.1093/eurheartj/ehn575 PMID: 19168534

29. Ataklte F, Erqou S, Kaptoge S, et al. Burden of undiagnosed hypertension in sub-saharan Africa: a sys-

tematic review and meta-analysis. Hypertension. 2015; 65(2):291–8. https://doi.org/10.1161/

HYPERTENSIONAHA.114.04394 PMID: 25385758

30. Khanam MA, Lindeboom W, Razzaque A, et al. Undiagnosed and uncontrolled hypertension among

the adults in rural Bangladesh: findings from a community-based study. J Hypertens. 2015; 33

(12):2399–406. https://doi.org/10.1097/HJH.0000000000000712 PMID: 26372322

31. Zhang H, Deng M, Xu H, et al. Pre- and undiagnosed-hypertension in urban Chinese adults: a popula-

tion-based cross-sectional study. Journal of Human Hypertension. 2017; 31:263–9. https://doi.org/10.

1038/jhh.2016.73 PMID: 27654328

32. Kanj H, Khalil A, Kossaify M, et al. Predictors of Undiagnosed and Uncontrolled Hypertension in the

Local Community of Byblos, Lebanon. Health Serv Insights. 2018; 11:1178632918791576. https://doi.

org/10.1177/1178632918791576 PMID: 30127615

33. Kim EJ, Kim T, Paasche-Orlow MK, et al. Disparities in Hypertension Associated with Limited English

Proficiency. Journal of general internal medicine. 2017; 32(6):632–9. https://doi.org/10.1007/s11606-

017-3999-9 PMID: 28160188

34. Ayers BL, Purvis RS, Bing WI, et al. Structural and Socio-cultural Barriers to Prenatal Care in a US Mar-

shallese Community. Matern Child Health J. 2018; 22(7):1067–76. https://doi.org/10.1007/s10995-018-

2490-5 PMID: 29470813

35. McElfish P, Long C, Payakachat N, et al. Cost-related nonadherence to medication treatment plans:

Native Hawaiian and Pacific Islander National Health Interview Survey, 2014. Medical Care. 2018; 56

(4):341–9. https://doi.org/10.1097/MLR.0000000000000887 PMID: 29432260

36. McElfish P, Moore R, Woodring D, et al. Social ecology and diabetes self-management among Pacific

Islanders in Arkansas. Journal of Family Medicine and Disease Prevention. 2016; 2(1):026. https://doi.

org/10.23937/2469-5793/1510026 PMID: 28736764

37. Benjamin EJ, Muntner P, Alonso A, et al. Heart Disease and Stroke Statistics-2019 Update: A Report

From the American Heart Association. Circulation. 2019; 139(10):e56–e528. https://doi.org/10.1161/

CIR.0000000000000659 PMID: 30700139

38. Nakagawa K, Koenig MA, Asai SM, et al. Disparities among Asians and native Hawaiians and Pacific

Islanders with ischemic stroke. Neurology. 2013; 80(9):839–43. https://doi.org/10.1212/WNL.

0b013e3182840797 PMID: 23365055

39. Mau MK, Sinclair K, Saito EP, et al. Cardiometabolic health disparities in native Hawaiians and other Pacific Island-

ers. Epidemiol Rev. 2009; 31:113–29. https://doi.org/10.1093/ajerev/mxp004 PMID: 19531765

40. Narcisse MR, Rowland B, Long CR, et al. Heart Attack and Stroke Symptoms Knowledge of Native

Hawaiians and Pacific Islanders in the United States: Findings From the National Health Interview Sur-

vey. Health Promot Pract. 2019:1524839919845669. https://doi.org/10.1177/1524839919845669

PMID: 31018704

41. Rasoul AM, Jalali R, Abdi A, et al. The effect of self-management education through weblogs on the

quality of life of diabetic patients. BMC Med Inform Decis Mak. 2019; 19(1):205. https://doi.org/10.1186/

s12911-019-0941-6 PMID: 31665001

42. Unger T, Borghi C, Charchar F, et al. 2020 International Society of Hypertension Global Hypertension

Practice Guidelines. Hypertension. 2020; 75(6):1334–57. https://doi.org/10.1161/

HYPERTENSIONAHA.120.15026 PMID: 32370572

PLOS ONE Elevated blood pressure and the effects of DSME among Marshallese with type 2 diabetes in Arkansas

PLOS ONE | https://doi.org/10.1371/journal.pone.0250489 April 22, 2021 10 / 11

https://doi.org/10.1016/j.conctc.2017.03.007
https://doi.org/10.1016/j.conctc.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/29740640
http://www.cdc.gov/brfss/
https://doi.org/10.1186/s12933-016-0485-3
http://www.ncbi.nlm.nih.gov/pubmed/28056987
https://doi.org/10.1093/eurheartj/ehn575
https://doi.org/10.1093/eurheartj/ehn575
http://www.ncbi.nlm.nih.gov/pubmed/19168534
https://doi.org/10.1161/HYPERTENSIONAHA.114.04394
https://doi.org/10.1161/HYPERTENSIONAHA.114.04394
http://www.ncbi.nlm.nih.gov/pubmed/25385758
https://doi.org/10.1097/HJH.0000000000000712
http://www.ncbi.nlm.nih.gov/pubmed/26372322
https://doi.org/10.1038/jhh.2016.73
https://doi.org/10.1038/jhh.2016.73
http://www.ncbi.nlm.nih.gov/pubmed/27654328
https://doi.org/10.1177/1178632918791576
https://doi.org/10.1177/1178632918791576
http://www.ncbi.nlm.nih.gov/pubmed/30127615
https://doi.org/10.1007/s11606-017-3999-9
https://doi.org/10.1007/s11606-017-3999-9
http://www.ncbi.nlm.nih.gov/pubmed/28160188
https://doi.org/10.1007/s10995-018-2490-5
https://doi.org/10.1007/s10995-018-2490-5
http://www.ncbi.nlm.nih.gov/pubmed/29470813
https://doi.org/10.1097/MLR.0000000000000887
http://www.ncbi.nlm.nih.gov/pubmed/29432260
https://doi.org/10.23937/2469-5793/1510026
https://doi.org/10.23937/2469-5793/1510026
http://www.ncbi.nlm.nih.gov/pubmed/28736764
https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1161/CIR.0000000000000659
http://www.ncbi.nlm.nih.gov/pubmed/30700139
https://doi.org/10.1212/WNL.0b013e3182840797
https://doi.org/10.1212/WNL.0b013e3182840797
http://www.ncbi.nlm.nih.gov/pubmed/23365055
https://doi.org/10.1093/ajerev/mxp004
http://www.ncbi.nlm.nih.gov/pubmed/19531765
https://doi.org/10.1177/1524839919845669
http://www.ncbi.nlm.nih.gov/pubmed/31018704
https://doi.org/10.1186/s12911-019-0941-6
https://doi.org/10.1186/s12911-019-0941-6
http://www.ncbi.nlm.nih.gov/pubmed/31665001
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
http://www.ncbi.nlm.nih.gov/pubmed/32370572
https://doi.org/10.1371/journal.pone.0250489


43. White K, Avendaño M, Capistrant BD, et al. Self-reported and measured hypertension among older US-

and foreign-born adults. Journal of immigrant and minority health/Center for Minority Public Health.

2012; 14(4):721–6. https://doi.org/10.1007/s10903-011-9549-3 PMID: 22109587

44. Martin LM, Leff M, Calonge N, et al. Validation of self-reported chronic conditions and health services in

a managed care population 11The full text of this article is available at http://www.elsevier.com/locate/

ajpmonline. American Journal of Preventive Medicine. 2000; 18(3):215–8. https://doi.org/10.1016/

s0749-3797(99)00158-0 PMID: 10722987

45. Alonso A, Beunza JJ, Delgado-Rodrı́guez M, et al. Validation of self reported diagnosis of hypertension

in a cohort of university graduates in Spain. BMC Public Health. 2005; 5(1):94.

46. Vargas CM, Burt VL, Gillum RF, et al. Validity of self-reported hypertension in the National Health and

Nutrition Examination Survey III, 1988–1991. Prev Med. 1997; 26(5 Pt 1):678–85. https://doi.org/10.

1006/pmed.1997.0190 PMID: 9327477

47. Ning M, Zhang Q, Yang M. Comparison of self-reported and biomedical data on hypertension and dia-

betes: findings from the China Health and Retirement Longitudinal Study (CHARLS). BMJ open. 2016;

6(1):e009836. https://doi.org/10.1136/bmjopen-2015-009836 PMID: 26729390

48. Najafi F, Pasdar Y, Shakiba E, et al. Validity of Self-reported Hypertension and Factors Related to Dis-

cordance Between Self-reported and Objectively Measured Hypertension: Evidence From a Cohort

Study in Iran. J Prev Med Public Health. 2019; 52(2):131–9. https://doi.org/10.3961/jpmph.18.257

PMID: 30971080

49. Chun H, Kim I-H, Min K-D. Accuracy of Self-reported Hypertension, Diabetes, and Hypercholesterol-

emia: Analysis of a Representative Sample of Korean Older Adults. Osong Public Health and Research

Perspectives. 2016; 7(2):108–15. https://doi.org/10.1016/j.phrp.2015.12.002 PMID: 27169009

PLOS ONE Elevated blood pressure and the effects of DSME among Marshallese with type 2 diabetes in Arkansas

PLOS ONE | https://doi.org/10.1371/journal.pone.0250489 April 22, 2021 11 / 11

https://doi.org/10.1007/s10903-011-9549-3
http://www.ncbi.nlm.nih.gov/pubmed/22109587
http://www.elsevier.com/locate/ajpmonline
http://www.elsevier.com/locate/ajpmonline
https://doi.org/10.1016/s0749-3797%2899%2900158-0
https://doi.org/10.1016/s0749-3797%2899%2900158-0
http://www.ncbi.nlm.nih.gov/pubmed/10722987
https://doi.org/10.1006/pmed.1997.0190
https://doi.org/10.1006/pmed.1997.0190
http://www.ncbi.nlm.nih.gov/pubmed/9327477
https://doi.org/10.1136/bmjopen-2015-009836
http://www.ncbi.nlm.nih.gov/pubmed/26729390
https://doi.org/10.3961/jpmph.18.257
http://www.ncbi.nlm.nih.gov/pubmed/30971080
https://doi.org/10.1016/j.phrp.2015.12.002
http://www.ncbi.nlm.nih.gov/pubmed/27169009
https://doi.org/10.1371/journal.pone.0250489

