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Relationships Between Depressive Symptoms, Anxiety,
Impulsivity and Cigarette and E-cigarette Use

Among Young Adults

Kelly Masaki; Rachel M. Taketa BA; Mark K. Nakama MPH; Crissy T. Kawamoto BS;

Pallav Pokhrel PhD, MPH

Kelly Masaki

Abstract

Depressionand anxiety have been associated with cigarette use among young
people. Higher impulsivity has also been associated with increased smoking
behavior. However, relatively less is known about the associations between
depression, anxiety, impulsivity and e-cigarette use and how these associations
compare with the associations between depression, anxiety, impulsivity and
cigarette smoking. In addition, little is known about how impulsivity influences
the relationships between depression, anxiety, cigarette, and e-cigarette use.
This study tested the hypothesis that higher depression and anxiety symptoms
are associated with higher e-cigarette use and cigarette smoking in a similar
way, and that these associations would be stronger among those with higher
impulsivity. A sample of 2,622 young adults (18-25 year olds; 54% women)
enrolled in 4-year and 2-year colleges in Hawai'i participated in a cross-
sectional survey. Approximately 68% of the sample reported no use of either
e-cigarettes or cigarettes, 13% reported only e-cigarette use, 9% reported only
cigarette smoking, and 11% reported use of both. The study found that higher
depressive and anxiety symptoms and higher impulsivity were significantly
associated with current cigarette and e-cigarette use. For example, one unit
increases in depression, anxiety, and impulsivity were associated with 34%,
17%, and 38% increased odds of e-cigarette use versus non-use, respectively.
Impulsivity was found to significantly moderate the association between higher
anxiety and higher cigarette smoking, such that the association was stronger
among those with higher impulsivity. Impulsivity was not found to moderate
any other association. Results suggest that tobacco product use prevention
education should target children and young adults with higher internalizing
symptoms, with particular attention to those who show higher impulsivity.

Keywords

Depressive symptoms, Anxiety symptoms, Impulsivity, Cigarettes, E-Cigarettes,
Young Adults

Kelly Masaki is a 2020 graduate of St. Andrew’s Priory School. She did this project during her Summer Internship in 2019 at the
University of Hawai'i Cancer Center under the mentorship of Dr. Pallav Pokhrel. She is now a student at Santa Clara University’s
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Introduction

Electronic or e-cigarettes are becoming more commonly used
by United States (US) high and middle school students than
combustible cigarettes,' despite having been marketed widely
for only about a decade. The risks of cigarette smoking and
second-hand exposure to cigarette smoke have been known for
decades.? However, as e-cigarettes are a relatively new product
on the market, little is known regarding their potential risks.
E-cigarettes appearto be less harmful than cigarettes; asaresult,
some people perceive them to be safer or healthier alternatives
to combustible cigarettes.®> Unfortunately, however, now many
young people are being introduced to nicotine use through
e-cigarettes, especially in Hawai‘i.* In2017, more Hawai‘i high
school students reported themselves as current e-cigarette users
(26%) than cigarette smokers (8%).° Nationally, approximately,
3.6 million youths are current e-cigarette users.® E-cigarettes
are available in many different flavors, which young people
tend to find highly attractive.”

Apart from flavors, young people find e-cigarettes attractive
because e-cigarette acrosol is easier to inhale, does not smell bad,
is considered less harmful, and yet is able to deliver nicotine.?
For some young people, the motive of e-cigarette use is social
enhancement, such as an increase in popularity among peers and
an enhanced social image.® Although cigarette smokers com-
monly use e-cigarettes for help with smoking cessation, some
do not find e-cigarettes to be helpful in managing their cigarette
smoking behavior.” Another potential risk of e-cigarettes is that
individuals who have never smoked cigarettes, or who are novice
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smokers, may find e-cigarettes as a more appealing cigarette
alternative for nicotine delivery.* Smokers consume cigarettes
primarily because of nicotine, which is a psychostimulant and
addictive. However, cigarette smoke smells relatively harsh and
tastes bitter. These characteristics may deter never or novice
smokers from smoking, even though they may like the pleasur-
able effects of nicotine. E-cigarette aerosol, on the other hand,
is less harsh and bitter. Furthermore, because e-cigarette acrosol
is usually flavored, it smells and tastes good. Hence, individu-
als who might have been deterred from smoking cigarettes for
nicotine intake may find e-cigarettes as a better alternative for
delivery of nicotine.

Cigarettes have been known to cause cancer (especially lung
cancer),asthma, diabetes, gum disease, heart disease, and stroke.?
However, the definite harms caused by e-cigarettes are not as
well-known. E-cigarettes may cause asthma,'® decreased lung
function,' an increased innate immune response in the lung,'>"*
and cardiovascular disease.' Even though in smaller amounts
than cigarettes, e-cigarettes are known to contain dangerous
carcinogens such as nitric oxide, which when burned creates
formaldehyde."® Second-hand exposure to e-cigarette acrosol
may also be risky, although the level of risks are currently
unknown.'¢ In 2019, the CDC investigated a national outbreak
of e-cigarette or vaping product use associated lung injury
(EVALI).""*® As of October 2019, there were 1,604 reported
cases of EVALI, and 34 EVALI-related deaths in 24 states.!”!8
Therefore, despite popular notions about e-cigarettes being
safer than cigarettes, there are still many potential risks that
e-cigarettes may pose.

An area of research that has been understudied is the use of
e-cigarettes by youth and young adults with symptoms of
poor mental health. Data from the 2016 National Survey of
Children’s Health (NSCH) found that among children aged
3-17 years in the US, 7.1% had been diagnosed with anxiety
and 3.2% had been diagnosed with depression.'** Thirteen
percent of youth aged 12-17 years report having at least one
major depressive episode in the past year.?! Research shows
that cigarette smoking and dependence are strongly associated
with higher depression and anxiety.*>** Some evidence suggests
that use of e-cigarettes is higher among people with psychiatric
and substance use disorders.*** Individuals with higher levels
of depression and anxiety are more likely to smoke cigarettes
because of the need to self-medicate, as nicotine is believed
to alleviate the symptoms of anxiety and depression.” People
with symptoms of poor mental health may be attracted to use
e-cigarettes for similar reasons. In addition, higher impulsivity
has also been associated with an increase in risky behaviors
and undesirable outcomes. Impulsivity is a strong correlate of
cigarette smoking.?*?® This is because higher impulsivity is an
indicator of poor self-control.?

Currently, findings from studies examining the associations
between anxiety, depression, and e-cigarette use have been

mixed. Some studies have found significant positive associations
between depressive symptoms and e-cigarette use,***! whereas
others have not.?? This study tested the associations between
depression, anxiety, and e-cigarette use and cigarette smoking
among young adults in Hawai‘i. The study also examined impul-
sivity as a moderator of the association between mental health
symptoms and cigarette and e-cigarette use. The hypotheses
were: (1) higher depression and anxiety symptoms would be
associated with higher cigarette smoking and e-cigarette use, and
(2) the associations between depression and anxiety symptoms
and cigarette smoking/e-cigarette use would be stronger among
those who show higher impulsivity.

Methods
Procedures

This study was conducted in 2018-2020. The study protocol
was approved by the University of Hawai‘i (UH) Human Stud-
ies Program under CFR 46.110 and 21 CFR 56.110, Category
(7) (CHS#23645). Students from two, 4-year and four, 2-year
(community) colleges under the same university system in
Hawai‘i were approached with the opportunity to participate in
the study. To be eligible to participate in the study, participants
had to be 18-25 years old and enrolled in a 2- or 4-year program
within the UH system. E-mail addresses were obtained for all
18-25 year olds enrolled across the college campuses. A link
to the screener survey was e-mailed to 7000 randomly selected
e-mail addresses, inviting potential participants to participate
in the study, which was described in generic terms, as a study
on marketing and young adult health behavior. The screener
survey included questions on age, sex, tobacco, alcohol, and
dietary behaviors. In addition, the survey collected potential
participants’ basic contact information such as phone number
and university e-mail address. Of 7000 students invited to
complete the screener survey, 60% completed the screener
survey at baseline.

However, respondents to the e-mail invitation were predominant-
ly women, never cigarette smokers. To increase the proportion
of meninthe sample and for adequate representation of cigarette
smokers and experimenters in the sample (relative to nationally
representative samples of 18-25 year olds), classroom-based
recruitment was conducted. Participants were approached in
the classroom with the assumption that more men and cigarette
smokers would complete the screener survey. Since students
are a captive audience in the classrooms, they are more likely
to pay attention to the invitation to participate in a research
study if the opportunity to do so is presented face-to-face by
research staff.

For classroom-based recruitment, approximately 40 classes
from each participating campus were randomly selected, and
instructors of those classes were approached with requests for
a classroom visit. On average, 25% of the instructors who were
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approached (approximately 10 classes per college) either did
not respond to the research team’s request or actively denied
participation. Hence, the research staff visited about 30 class-
rooms per college and presented the study and the opportunity
to participate in the study to the students. Interested students
(total 2700) completed the paper-and-pencil version of the
screener survey. Participants provided consent either online or
on paper before completing the screener survey.

Initially, the only eligibility criterion for participation was age:
participants had to be 18-25 years old. However, as recruitment
progressed and a higher percentage of females than males
enrolled in the study, eligibility criteria was adjusted to ensure
a more balanced men to women ratio. Similarly, once the pre-
determined percentage of non-cigarette smokers was fulfilled
in the sample, eligibility criteria were adjusted to exclude
further enrollment of nonsmokers going forward, in order to
ensure that cigarette smokers were adequately represented in
the sample. Of the students who completed the screener survey,
either online or in the classroom, 3,664 students were eligible to
participate in the study. Research staff explained the follow up
survey procedure to the participants in person or by telephone.
Participants were first e-mailed a link to the online consent form.
After participants indicated their consent to participate in the
study by clicking the “T agree to participate” button, they were
sent unique links to the survey via e-mail. Of these, informed
consent was obtained from 2,884 (79%) potential participants;
the remainder could not be reached for consent procedure. A
total of 2,622 participants completed the survey. The survey was
programmed on Inquisit 4.0 computer software (Millisecond
Software, Seattle, WA, 2015). No incentive was provided to
complete the screener survey. Participants who completed the
main survey received a $40 Amazon gift card.

Measures
Demographic Variables

Demographic variables assessed included age, sex, ethnicity,
and annual household income. Age and sex were assessed
both in the screener survey and the main study survey. Age,
sex, and household income were assessed with single items.
To determine ethnicity, participants were asked, “What is your
ethnic background?”” and were provided with a list of ethnici-
ties common in Hawaii and the US. The question was asked
in two different ways. The first question asked participants to
refer to the list and “check all that apply.” The second question
asked participants to choose the ethnic background that they
identify with most. The response to the second question was
utilized to assign mixed-ethnicity individuals to a particular
racial/ethnic category. These items have been used successfully
in past research.?

E-Cigarette and Cigarette Use

Cigarette smoking was assessed in the screener survey and the
main survey. E-cigarette use was assessed only in the main
survey. As in most national surveys,*** current e-cigarette use
and cigarette smoking were assessed in terms of past-30-day
use. For example, “During the last 30 days (1 month), on how
many days did you use an electronic cigarette (e-cigarette) or
a similar vaping device?” (8-point scale: “0 days,” “1-2 days,”
“3-5 days,” up to “All days”). For logistic regression analyses,
the variables were dichotomized to use (1) vs non-use (0). In
addition, different patterns of e-cigarette and cigarette use,
namely cigarette-only smoking, e-cigarette-only use, dual use
of cigarette and e-cigarette, and use of neither product were
also compared (see Table 1).

Mental Health Symptoms

Depression was assessed using the Center for Epidemiological
Studies Depression (CES-D) scale,*® which asks 20 questions
about feelings in the past week. Each question was scored from
0 to 3, and the scores were added with a total range from 0 to
60. A previously defined cut-point >16 was used for presence
of depressive symptoms.***> Anxiety symptoms were defined
using the Generalized Anxiety Disorder 7-item (GAD-7) scale,*
which asked 7 questions about feelings in the past 2 weeks. Each
question was scored from 0 to 3, and the scores were added
with a total range from 0 to 21. A previously defined cut-point
> 10 was used for presence of anxiety symptoms.*

Impulsivity

Impulsivity was defined using a modified version of the Kendall
Wilcox Impulsivity Scale for Children (Self-Control Rating
Scale),”” which asked 7 questions about impulsivity, each
rated on a 5-point scale (I=never, 2=a little, 3=sometimes,
4=pretty often, S5=usually), for a sum score ranging from 5 to
35. High impulsivity was defined using a cut-point > 10 based
on median score.

Data Analysis

Data were analyzed using SAS software, version 9.2 (SAS
Institute Inc., Cary, NC).* General Linear Models (GLM) and
chi-square tests were used to compare means and proportions of
variables across the 4 smoking/e-cigarette use categories: “no
use,” ““cigarette-only use,” “e-cigarette-only use,” and “dual use.”
GLMs were also used to examine the associations between 4
smoking categories and depressive symptoms, anxiety symptoms
and impulsivity after adjusting for demographic variables such
as age, sex, ethnicity, and family/household income. Logistic
regression was used to test the associations between depres-
sion, anxiety, impulsivity and cigarette and e-cigarette use. The
logistic regression models adjusted for demographic covariates
(age, sex, ethnicity, and family/household income) and cigarette

99 ¢¢
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Table 1. Demographic Characteristics of the Entire Sample and by Smoking and E-cigarette Use Status
. . . Dual use of
Variables (NE:tzirgzszaT&I;A ) No':(-’c?;:r):tltneglljse E'iing:;;zte;fgo/:’)"'y Clgaret;ilsymokmg e-cig;:tet; eand Pvalue
1084 (n=1,750, 67.9%) ' (n=233,9.0%) (n=271. 10.5%)

Age: yrs (SD) 212+ (2.2) 21.0+0.05 209 +0.12 224 +0.14 216+0.13 P <.001
Sex
Female 54.4% 56.5% 39.6% 64.0% 50.2% P <001
Male 45.6% 43.5% 60.4% 36.1% 49.8%
Ethnicity
Asian 26.0% 27.3% 23.2% 18.0% 26.2%
White 24.3% 24.1% 18.2% 35.6% 24.4%
NHPI 21.2% 19.9% 24.4% 22.3% 24.0% P <.001
Filipino 17.9% 17.5% 24.7% 11.6% 18.5%
Other 10.6% 11.2% 9.6% 12.5% 7.0%
Annual Household Income
Low (<$60K/yr) 40.1% 39.6% 42.9% 41.9% 40.3%
Medium ($60 000-$99 999) 29.0% 29.2% 29.8% 21.8% 31.7% P =126
High (>$100K/yr) 30.9% 31.3% 27.3% 36.2% 28.0%
Depressive Symptoms 38.5% 37.8% 41.4% 57.0% 58.0% P <.001
Anxiety Symptoms 25.5% 23.2% 22.7% 35.6% 37.2% P <.001
High Impulsivity 52.6% 48.6% 54.6% 61.2% 69.7% P <.001

SD = standard deviation, NHPI = Native Hawaiian or Pacific Islander

smoking or e-cigarette use, depending on the outcome (ie,
cigarette smoking for e-cigarette use outcome and vice-versa).
Interaction effects of impulsivity on the associations between
the mental health symptoms and cigarette and e-cigarette use
were tested using GLMs as well. All continuous variables used
inthe regression analysis were standardized, centering the mean
at zero. After standardization, Depression X Impulsivity and
Anxiety X Impulsivity interaction terms were created. Next, the
interaction terms were entered as independent variables along
with depression/anxiety, impulsivity, and demographic covari-
ates, with cigarette/e-cigarette use as the dependent variable.

Results
Participants

Table 1 shows participants’ (N = 2622) characteristics. The
mean age of the participants was 21.2 (SD = 2.2). There were
1423 females and 1194 males who completed the survey. Eth-
nically, participants included 26% Asians, 24% Whites, 21%
Native Hawaiian and Pacific Islanders (NHPI), 18% Filipinos
and 11% Other ethnicities. Overall, women were slightly more
represented than men (55% vs 45%). Forty-three percent of
the students were enrolled in 2-year or community colleges.
Almost half of the participants were Asian or Pacific Islanders.

Table 1 shows differences between demographic and mental
health variables across the following groups: no use, cigarette-
only use, e-cigarette-only use, and dual use. No use of either
e-cigarettes or cigarettes was reported in 68% of the sample,
while 13% reported use of e-cigarette only, 9% reported use
of cigarette only, and 11% reported use of both. Cigarette-
only smokers were slightly older than other groups (P <.001).
E-cigarette-only users were more likely to be men and cigarette-
only smokers were more likely to be women, compared to other
groups (P<.001). Household income was significantly different
across the 4 categories.

After adjusting for age, sex, ethnicity and annual household
income, multivariable analyses found significant stepwise as-
sociations between the 4 smoking categories and depressive
symptoms (P <.001), anxiety symptoms (P <.001) and high
impulsivity (P <.001) (see Figure 1). After stratifying into low
and high impulsivity groups, the associations between depres-
sive and anxiety symptoms and the 4 categories were stronger
in the high impulsivity group (see Figure 2).

Table 2 shows the results of the logistic regression analysis.
There were statistically significant associations found between
depression, anxiety, impulsivity and cigarette and e-cigarette
use, afteradjusting for demographic covariates. The associations
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Figure 1. Adjusted Depression, Anxiety, and High Impulsivity by Tobacco Product Use?

2 Adjusted for age, sex, ethnicity, and annual household income.

80%
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Figure 2. Adjusted Depression and Anxiety Symptoms by Tobacco Product Use Categories, Stratified by Impulsivity?

2 Adjusted for age, sex, ethnicity, and annual household income.
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of depression, anxiety, and impulsivity with cigarette use were
stronger than with e-cigarette use. For example, a unit increase
in depressive symptoms increased the odds of past-30-day
cigarette smoking by 2.29 times compared with 1.34 times for
past-30-day for e-cigarette use.

Table 3 shows the results of the interaction analysis. No sta-
tistically significant interaction effects of impulsivity on the
associations between depression, anxiety, and past-30-day
e-cigarette use were found. In addition, impulsivity was not
found to moderate the effects of depression on past-30-day
cigarette use. However, impulsivity was found to moderate
the effects of anxiety on past-30-day cigarette smoking, such
that the association between anxiety and cigarette smoking was
stronger for those with higher impulsivity.

Table 2. Associations Between Depression, Anxiety, Impulsivity and
Current Cigarette and E-cigarette Use (N = 2622)
Cigarette smoking

Adjusted Odds Ratio
[95% Confidence Interval]

E-cigarette use

Depressive Symptoms 2.29 (1.92-2.72) 1.34 (1.14-1.56)
Anxiety Symptoms 1.57 (1.39-1.78) 1.17 (1.05-1.31)
Impulsivity 1.51(1.35-1.70) 1.38 (1.25-1.53)

Note. The regression models adjusted for age, sex, ethnicity, annual household income,
and cigarette smoking or e-cigarette use (depending on the outcome variable).

Table 3. Interaction Effects of Impulsivity in the Association Between
Depression, Anxiety, and Current Cigarette and E-cigarette Use
(N =2622)
Cigarette | E-cigarette
B (SE)
Model 1
Depression 0.23 (0.04)** 0.08 (0.04)*
Impulsivity 0.15 (0.03)"* 0.13(0.04)
Depression X Impulsivity 0.04 (0.03) 0.05 (0.03)
Model 2
Anxiety 0.16 (0.04)** 0.04 (0.04)
Impulsivity 0.17 (0.03)"** 0.15 (0.04)"**
Anxiety X Impulsivity 0.06 (0.03)* 0.04 (0.03)

Note. * P =.05; ** P < .01, *** P <.001; The regression models adjusted for age, sex,
ethnicity, annual household income, and cigarette smoking or e-cigarette use (depend-
ing on the outcome variable).

Discussion

The current findings are somewhat consistent with the existing
literature. For example, a study among high school students
found psychiatric co-morbidities among both cigarette-only
and e-cigarette-only users.’” Similarly, the French Constances
cohort study found that depressive symptoms were associated
with e-cigarette use in both cross-sectional and longitudinal
analyses with a dose-dependent relationship.’! A large study
of 2460 adolescents (mean age at baseline 14.1 years), who
had never previously used cigarettes or e-cigarettes found a
bi-directional association between depressive symptoms and
e-cigarette use. Those with higher depressive symptoms at
baseline were more likely to start using cigarettes, e-cigarettes
or both a year later. In addition, increase in depressive symp-
toms was associated with sustained use of e-cigarettes over 12
months’time.* However, another study of 5445 college students
in Texas found that depressive symptoms predicted subsequent
e-cigarette use, bute-cigarette use did not predict later increased
depressive symptoms.*® There are potential mechanisms to
explain our findings. Nicotine use is believed to help cope with
symptoms of depression and anxiety, and people with mental
health conditions may choose to use nicotine for this reason.
Higher impulsivity is an indicator of poor self-control and is
associated with nicotine use behavior.*’

The current study has many strengths. It was a large study and
included use of both e-cigarettes and cigarettes among college
students. The study included several ethnic groups that were
representative of Hawai‘i. Validated scales were used to measure
depressive symptoms, anxiety symptoms, and impulsivity. Limi-
tations of the current study are that the study is cross-sectional
in design, so causal conclusions cannot be formed based on the
statistically significant associations detected in the current data.
Second, smoking behavior may be misclassified, because it was
only documented over the past 30 days. Third, the study did not
have access to longitudinal data about the negative effects on
health of e-cigarette use or cigarette smoking. Finally, data were
self-reported and were not verified against objective measures.

Future directions include a longitudinal replication of the
current findings. Also needed are prospective studies on the
negative outcomes of e-cigarette and cigarette use, especially
among those with mental health symptoms. Currently, not
much has been done in terms of e-cigarette use prevention.
There is a need for e-cigarette use prevention programs and
such programs need to address poor mental health symptoms.
School-based smoking prevention programs have played a key
role in reducing cigarette smoking prevalence among young
people in the US over the past several decades.*' The current
datasuggest that any school-based prevention program designed
to address e-cigarette use may need to also address poor mental
health symptoms. Our study suggests that smoking prevention
education should target children and young adults, particularly
those with high impulsivity scores.
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A Scoping Review on Gestational Diabetes in Hawai‘i:
A “Window of Opportunity” to Address Intergenerational Risk

for Type 2 Diabetes Mellitus

Megan Y. Kawamura; Marjorie K. Mau MD, MS; Reni Soon MD, MPH; Kelly Yamasato MD

Abstract

The health of women over the entire span of their reproductive years is
crucial — beginning in adolescence and extending through the postpartum
period. This paper provides a scoping review of the relevant literature on risk
factors for gestational diabetes mellitus (GDM) and progression from GDM
to type 2 diabetes mellitus (T2DM), particularly among women of Native
Hawaiian and Pacific Islander (NHPI) and Asian racial/ethnic backgrounds
in Hawai'i, using the PubMed database (July 2010 to July 2020). NHPI and
Asian populations have a greater likelihood of developing GDM compared to
their White counterparts. Risk factors such as advanced maternal age, high
maternal body mass index, and lack of education about GDM have varying
levels of impact on GDM diagnosis between ethnic populations. Mothers who
have a history of GDM are also at higher risk of developing T2DM. Common
risk factors include greater increase in postpartum body mass index and use
of diabetes medications during pregnancy. However, few studies investigate
the progression from GDM to T2DM in Hawai'i's Asian and NHPI populations,
and no studies present upstream preconception care programs to prevent
an initial GDM diagnosis among Hawaii's women. Thus, updated reports
are necessary for optimal early interventions to prevent the onset of GDM
and break the intergenerational cycle of increased susceptibility to T2DM
and GDM in both mother and child. Further attention to the development of
culturally sensitive interventions may reduce disparities in GDM and improve
the health for all affected by this condition.

Keywords

gestational diabetes mellitus, Native Hawaiian or Pacific Islander, Asian, minority
populations, health disparities, intergenerational prevention, scoping review

Acronyms

BMI = body mass index

GDM = gestational diabetes mellitus

NH = Native Hawaiian

NHPI = Native Hawaiian and Pacific Islander
PI = Pacific Islander

T2DM = Type 2 Diabetes Mellitus

Introduction

Gestational diabetes mellitus (GDM) refers to “any degree of
glucose intolerance with onset or first recognition during preg-
nancy”' and increases the risk of adverse pregnancy outcomes
for both mother (ie, preeclampsia, cesarean delivery, preterm
delivery) and neonate (ie, shoulder dystocia, macrosomia, neo-
natal hypoglycemia, and birth trauma).** These issues are of
increasing importance as GDM affects 5% to 9% of pregnancies
in the United States (US), with the prevalence steadily increas-

ing over the last 20 years.>® As GDM incidence and prevalence
increase, the racial/ethnic disparities gap continues to widen
between Whites and non-White minority women diagnosed with
GDM. Previous studies have shown that American Indians, Na-
tive Hawaiians (NH), Hispanics, Asians and African Americans
experience higher rates of GDM compared to White women.”

GDM is also of particular concern because it is associated
with an increased risk of developing type 2 diabetes mellitus
(T2DM), obesity, and other adverse metabolic effects on me-
tabolism later in a mother’s lifetime.® 1 T2DM is a major health
concern in the US, especially among racial/ethnic groups such
as Native Hawaiians and Pacific Islanders (NHPI) and Asians.
In Hawai‘i, 27% of the population self-identifies as NHPI
and 24.2% as multiracial. Among Asians in Hawai‘i, 37.6%
self-identify as Asian only, although the state reports 56.4%
of'its 1.4 million residents are of diverse Asian backgrounds.!
From 2017 to 2019, 14.4% of NH, 18.5% of Pacific Islander
(PI), and 8.4%-13.0% of adults from various Asian races in
Hawai‘i reported a diagnosis of T2DM, and this prevalence
has continued to increase.'?

Furthermore, ample epidemiologic and experimental evidence
supports the phenomenon of “fetal programming,” in which
the intrauterine environment predisposes the fetus to adult
onset cardiometabolic conditions later in life.!*® Infants born
to mothers with GDM are themselves at increased risk for
T2DM as adults, in part due to epigenetic changes induced by
the diabetic intrauterine environment.'*!¢ Thus, existing health
disparities in GDM in the current generation may exacerbate
T2DM disparities in future generations. This lends urgency
and importance to the prevention of GDM in today’s women
of reproductive age.

Giventheincreasing risk of both GDM and T2DM amongracial/
ethnic minority populations as well as the increased risk for
T2DM in the offspring of pregnancies complicated by GDM,
the need to understand how best to stop the intergenerational
risk for developing GDM, and hence T2DM, is imperative to
break this cycle (Figure 1). Thus, the purpose of this paper was
to conduct a scoping review to evaluate the current literature
relevantto Hawai‘i’s multi-ethnic women and adolescent females
of NHPI and Asian (Chinese, Japanese, Korean, Vietnamese,
Filipino) ethnic groups who are at highest risk of developing
GDM and subsequent T2DM.
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Methods

Database searches were performed in PubMed for the time period
between July 1, 2010 and July 1, 2020 for English language
publications. Two authors independently reviewed all articles’
abstracts and discussed the selection until consensus was reached,

The search was conducted with two primary areas of focus. The
first search aimed to include literature on GDM risk and risk
factors among Asian and NHPI women. The search terms used
included gestational diabetes combined with the following terms
using an AND function: Hawai i, Pacific Islander, and Asian.
Articles were excluded if they (1) were reviews of previous
literature, (2) did not distinguish between pre-gestational and
gestational diabetes, (3) were limited either to neonatal outcomes/
populations other than Asians and/or NHPIs, or (4) included a
population exclusively outside of the US. After review of all
retrieved articles and application of exclusion criteria, a final
selection of 15 peer-reviewed papers were included (Figure 2a).

The second portion of the search included literature on the
progression of GDM to T2DM. The following search terms
were used: gestational diabetes, type 2 diabetes, progression,
Hawai’i, Pacific Islander, and Asian (Figure 2b). Articles were
excluded if they (1) were reviews of previous literature, (2)
did not address the progression between GDM and T2DM, or
(3) included a population exclusively outside of the US. All
retrieved articles were reviewed and exclusion criteria were
applied, yielding a selection of 14 papers. Thus, a total of 29
articles were included in this scoping review.

Results

Studies on Risk for Developing GDM and Characteristics
of GDM Pregnancies (Table 1A)

The 15 studies highlighted racial disparities in GDM as well
as differing associations between GDM and risk factors among
Asian and NHPI women compared to other racial groups. Key
findings include the following:

Epidemiology and Racial/Ethnic Disparities (Table 1.4.1)

Multiple studies from varying cohorts within the US demon-
strated increased risk of GDM among Asian women.!”?! For
example, one study found that GDM prevalence was higher
in Asian American subgroups (Filipino: 19.0%, Asian Indian:
19.3%, Chinese: 15.3%, Korean: 12.9%, Vietnamese: 18.8%)
compared with non-Hispanic Whites (7.0%).%° Similar findings
ofincreased rates of GDM among Asian women were present in
aLos Angeles cohort.'” Also, Hunsberger et al found that Asian
women had a 16.4% prevalence of GDM while PI women had
an 11.7% prevalence, both of which were increased compared
to White women (6.0%).2' However, it is important to note
that such comparisons may be affected by different diagnostic
criteria used to diagnose GDM and/or variable access to care.

Among women in Hawai‘i in 2013, Tsai et al found the highest
GDM prevalence to be among Filipino women (13.1%) and
NHPIwomen (12.1%), with lowest prevalence in White women
(7.4%). Overall, Asian and P women had a 50% increased odds
of developing GDM compared to their White counterparts.?* In
2015, Changetal looked at PI subpopulations and found that NHs
(9.3%), Micronesians (8.5%), Samoans (11.8%), and other PIs
(13.7%) had higher rates of GDM compared to Whites (5.8%).’
Such findings also demonstrate the heterogeneity even within
Asian and PI populations and speak to the need to disaggregate
ethnic groups from largerracial classifications, especially if there
are substantial differences within racial classifications that can
inform interventions targeted to specific cultures.

Clinical, Lifestyle, Nutrition, and Environmental Factors
(Table 1.4.2-3)

Several studies identified common risk factors for developing
GDM, including advanced maternal age, high pre-pregnancy
body mass index (BMI), a history of a GDM pregnancy, and
non-White race.'”?!"%*

Despite the commonality among GDM risk factors, differences
between and within racial/ethnic groups were observed. For
example, Pu et al found the effects of advanced maternal age
to be more significant for non-Hispanic Whites and Hispanics
compared to Asian Americans, suggesting that the pathophysi-
ology of GDM might differ by racial/ethnic group.?® Similarly,
BMI was less predictive for GDM among Asians,'® and over-
weight/obese BMI contributed less to GDM risk in Asian and
PI women compared to other racial groups.? > Conversely, an
inverse association between maternal height and GDM risk
was strongest in Asian women.”® Another study found that
individuals of Asian or PI ancestry have a higher susceptibility
to pancreatic beta cell dysfunction when exposed to volatile
organic compounds.?”’

Associations between immigration and acculturation and GDM
risk have been investigated with conflicting results.'”-2°2%3% Py
et al found that Chinese and Filipino women born outside the
US had a higher risk of developing GDM compared to their
US-born counterparts,”® and Chen et al also found increased
GDM among Asian women with less acculturation.'” Likewise,
in a California cohort, Pacific Islander, Filipina, and Chinese
women born outside the US had higher rates of GDM compared
to those born in the US. However, in that same cohort, Japanese
and Korean women born outside of the US had decreased risks
of GDM compared to those who were born in the US.?® Other
cohorts have not found GDM rates to change with country of
birth or markers of acculturation.”2° These inconsistencies
highlight the complexity of the relationships between immi-
gration, acculturation, and GDM. Immigration from various
Asian and Pacific Island locations to Hawai‘i, both historical
and current, highlights the need for careful ongoing evaluation
of GDM disparities.*
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Studies on Risk for Developing T2DM following GDM
Pregnancy (Table 1B)

Women with a history of GDM pregnancy are at an increased
risk of developing T2DM later in life. A clear limitation of
those findings is the unknown rates of T2DM among those
who do not receive postpartum testing. Key findings from the
14 reviewed articles include the following:

Clinical, Lifestyle, and Metabolic Signatures (Table 1.B.1-3)

Risk factors for the subsequent diagnosis of T2DM after GDM
include low intensity and short duration of lactation, earlier
gestational age at GDM diagnosis, use of insulin or oral diabetes
medications during pregnancy, higher pre-pregnancy BMI (>25
kg/m?), advanced age, lower physical activity, higher dietary
consumption of animal fat, greater intakes of total iron, lack
of healthy lifestyle behaviors, adverse newborn outcomes,
and greater postpartum BMI increase.’'*” For example, the
Diabetes and Women’s Health cohort study found that women
who gained greater than 5 kg (11 Ibs) after a GDM pregnancy
had a 43-times higher risk of developing T2DM compared to
those gaining less than 5 kg (11 Ibs).¢ Other risk factors included
lipid dysmetabolism and the presence of metabolic signatures
such as certain amino acids, medium-chain acylcarnitines, and
reduced levels of sphingolipid metabolism. %!

Racial/Ethnic Disparities (Table 1.B.4)

Racial/ethnic disparities have been observed in the development
of T2DM after GDM. Gunderson et al reported that Hispanic
(41%)and Asian (32%) women were ata higherrisk for develop-
ing T2DM after a GDM pregnancy compared to non-Hispanic
Whites (15%).*' However, recent investigations regarding the
progression from GDM to T2DM among Hawai‘i’s Asian and
NHPI women were lacking.

Prevention Interventions and Postpartum Follow-up Care
(Table 1.B.5)

GDM represents a strong risk factor for later development of
T2DM. Despite the importance of screening, suboptimal follow-
up prevents many women from obtaining T2DM screening
and education.” Reasons for not obtaining postpartum T2DM
screening include missed appointments, false assumptions about
the low risk for T2DM, inconvenient or unpleasant tests, fear
of a T2DM diagnosis, time constraints, and lack of physician
awareness and communication.*®

For those who do receive follow-up care, it was found that
postpartum intervention implementation reduces the progres-
sionto T2DM. One study reported that diets consisting of fruits,
vegetables, and low-fat dairy products, were associated with
a 15-35% reduction in incidence of T2DM after GDM.® Other
studies also found that intensive lifestyle interventions and
metformin were highly effective in delaying and preventing
subsequent T2DM.'°
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Figure 1. Proposed Concept of Holistic Health and Reproduction compared with Intergenerational Risk of Gestational Diabetes Mellitus
for At-risk Women
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Records identified through
PubMed (7/1/2010-7/1/2020)

Gestational diabetes AND  n

e  Hawaii 23
» Pacific Islander 71
e Asian 503
Total 597

\
Records excluded (primary reason)

n
* Review article 9
* OQutside of the US 25

* Did not report GDM risk 548
in Asian or NHPI

Total 5?2

\4

Records included
n=15

Records identified through PubMed (7/1/2010-

7/1/2020)
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_n_

* progression 186

» progression AND Asian 10

» progression AND Pacific Islander 2
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» Pacific Islander 18

+ Asian 114

Total 333
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* Review article 23
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Figure 2a. Flow diagram of literature screening
process for GDM risk and risk factors among
Asian and NHPI women

v

Records included
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Figure 2b. Flow diagram of literature screening process for Progres-
sion of GDM to T2DM
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Table 1. Summary of Scoping Review on Risk Associated with Developing Gestational Diabetes Mellitus and Subsequent Type 2 Diabetes

Mellitus
Study Studi Number of §rt'udy Locati Purpose of Method Key Findings Relevant to Hawai‘i’s Multi-ethnic
Categories tudies Participants P ime ocation Study ethods Population
eriod
A) Studies on Risk for Developing GDM and Characteristics of GDM Pregnancies (n=15)
1) Epidemiol- | Chang etal. | n=5,510 2010- [ Hawaifi Quantify ob- | Retrospective | Outcome differences were observed between Pacific
ogy and Ra- | (2015) (Native 2011 stetric out- [ cohort study | Islander subpopulations and when compared to White
cial/Ethnic Hawaiian=6,662, comes of Pa- women. Of Pacific Islander subgroups, Micronesians
Disparities Micronesian=1,548, cific Islander had the highest risk of cesarean sections and Native
Samoan=897, subgroups in Hawaiians had the highestrisk of low-birthweightinfants
Other Pacific Hawai'i
Islanders=539) Samoans had a higher risk of macrosomia compared
to Whites, while Native Hawaiians and Micronesians
were significantly less likely to have an infant with
macrosomia compared to Whites
Chen et al. n=5,562 2007 Los Angeles, | Assess GDM | Cross-sec- | Comparedtonon-Hispanic White women, Asianwomen
(2019) California prevalence | tional study had a higher risk of GDM (OR 2.44 [95%Cl 1.81-3.29])
among Asian
Americans Acculturation negatively associated with GDM
and associa-
tion with ac-
culturation
Hunsberger | n=3,883 2004- [ Oregon Exploreracial/ | Retrospective | Asian/Pacific Islander women (both normal and high
etal. (API=617) 2005 ethnic dis- [ cohortstudy | BMI) had the highest prevalence of GDM (14.8%)
(2010) parities in the among all women studied
prevalence of
GDM Asian women were more likely to have GDM compared
to Pacific Islander women
Liu et al. 16,258 2010- | Detroit, Investigate | Retrospective | Asian women had a significantly higher GDM risk
(2020) (Asian n=620) 2015 Michigan relationships | cohort study | comparedto White women (OR2.53[95%C12.10-3.10])
between ma-
ternal race/ Older maternal age increased GDM risk and affected
ethnicity and risk interactively with race/ethnicity (smaller effect of
age with GDM age among African American compared to non-African
American women)
Pu et al. n=24,195 2007- | California Assess racial/ | Retrospective | GDM was most prevalent among Asian American sub-
(2015) (Chinese=3,218), | 2012 ethnic differ- | cohort study | groups:AsianIndian(19.3%), Chinese (15.3%), Filipino
Filipino=1,088, ences in risk (19.0%), Korean (12.9%) and Vietnamese (18.8%)
Japanese=677, factors for
Korean=460, GDM Family history and foreign-born status were important
Vietnamese=460) risk factors for Asian subgroups
Risk attributed to advanced maternal age was modified
by race/ethnicity
Tsai et al. n=4,7735 2009- | Hawai'i Examine the | Retrospective | Overall prevalence of GDM in Hawai‘i was 10.9%
(2013) (Native Hawaiian/Pa- | 2011 relationship | cohort study
cificlslander=20,851, between eth- The highest prevalence of GDM was in Filipina (13.1%)
Filipina=9,922, nicity, GDM, and Native Hawaiian/Pacific Islander (12.1%) women,
Other Asian=9,225) and macroso- while the lowest prevalence was in White women (7.4%)
mia in Hawai'i

Asian/Pacificlslanderwomen had a 50% increased odds
of having GDM compared to White women
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Table 1. Summary of Scoping Review on Risk Associated with Developing Gestational Diabetes Mellitus and Subsequent Type 2 Diabetes

Mellitus
Study Studi Number of §rt'udy Locati Purpose of Method Key Findings Relevant to Hawai‘i’s Multi-ethnic
Categories tudies Participants P ime ocation Study ethods Population
eriod
2) Clinical | Brite etal. n=135,861 2002- | Consortium Evaluate as- | Retrospective | Maternal height was inversely correlated to GDM risk,
Risk Factors | (2014) (Asian=4,190) 2008 on Safe sociations be- | cohort study | with the strongest association among Asians
Labor study | tween mater-
(11 states nal height and
and District of | GDM across
Columbia) racial/ethnic
groups
Hedderson | n=123,040 1995- | Northern Examine as- | Retrospective | Asian and Filipina women had an increased risk of
etal. (Asian=18,497, 2006 California sociations be- | cohort study | GDM at a lower BMI compared to non-Hispanic White
(2012) Filipina=9,636) tween GDM and African American women
and BMI by
racial/ethnic
groups
Kim et al. n=656,925 2004 - | Florida Evaluate | Cross-sec- | APl women had a higher GDM prevalence (9.9% vs
(2012) (API=16,799) 2007 percentages | tional study 4.0% for Black women).
of GDM at-
tributable to API women had the lowest percentage of GDM at-
overweight tributable to overweight and obesity compared to
and obesity other racial groups
across racial/
ethnic groups
Kim et al. n=1,228,265 2007- | California Evaluate | Cross-sec- | APl women had a higher GDM prevalence (11.9% vs
(2013) (API=168,933) 2009 percentages | tional study 5.4% for White women).
of GDM at-
tributable to API women had the lowest percentage of GDM at-
overweight tributable to overweight and obesity compared to
and obesity other racial groups
across racial/
ethnic groups
Shah et al. 24,325 1988- | San Examinebody | Retrospective | Asian women had increased risk of GDM compared to
(2011) (Asian n=7,404) 2001 Francisco, massindexas | cohort study | White women regardless of body mass index
California a screening
tool for GDM Body mass index had the poorest sensitivity for GDM
among racial/ among Asian women compared to other racial groups
ethnic groups
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Table 1. Summary of Scoping Review on Risk Associated with Developing Gestational Diabetes Mellitus and Subsequent Type 2 Diabetes

Mellitus
Study Studi Number of §rt'udy Locati Purpose of Method Key Findings Relevant to Hawai‘i’s Multi-ethnic
Categories tudies Participants P ime ocation Study ethods Population
eriod
3) Lifestyle, | Hedderson [ n=216,089 1995- | Northern Compare | Retrospective | Beingbornoutside of the US associated withincreased
Nutrition,and | et al. 2004 California GDM risk by | cohort study | risk of GDM among Filipina, Chinese, and Pacific Is-
Environmen- | (2010) country of birth landerwomen, butadecreasedrisk of GDMin Japanese
tal Factors (US or non- and Korean women
US) among
racial/ethnic
groups
Janevic et al. | n=89,703 2001- | New York City | Evaluate as- | Cross-sec- [ Among Chinese women, no association between living
(2014) (Chinese=10,603) | 2002 sociations be- | tional study in an ethnic enclave and GDM risk
tween living
in an ethnic
enclave and
risk for GDM
Ramadhani | n=6,463 1997- | National Birth | Examine dif- | Retrospective | No difference in GDM between US and non-US born
etal. (API=198) 2005 Defects Pre- | ferences in | cohortstudy | APl women
(2011) vention Study | pregnancy-
(10 statesin | related risk
the US) factorsamong
US versus
non-US born
women across
racial/ethnic
groups
Williamsetal. | n=220,065 2002- | Consortium Understand | Retrospective | Exposure to high VOCs was associated with increased
(2019) (API=9,068) 2008 on Safe racial/ethnic | cohort study | oddsof GDMamongwhites and Asian/Pacific Islanders
Labor study | disparities in
(11 states GDM by look- GDM risk was significantly higher for Asian/Pacific
and District of | ing at expo- Islanders compared to whites for most compounds
Columbia) sure to vola-
tile organic
compounds
(VOCs)
B) Studies on Risk for Developing T2DM following GDM pregnancy (n=14)
1) Clinical Bao et al. n=1,695 1991- | Nurse’s Examine how | Prospective | Baseline BMI, most recent BMI, and weight gain after
Factors (2015) 2001 Health Study | adiposity and | cohort study | GDM pregnancy were significantly and positively as-
Il cohort (14 | weightchange sociated with risk of progression from GDM to T2DM
states in US) | influences the
long-term risk
of developing
T2DM after
GDM
Gunderson | n=1,007 2008- | SWIFT co- Investigate | Prospective | Higher lactation intensity was associated with more
etal. (Asian=362) 201 hort; Northern | w h e t h e r | cohort study | favorable biomarkers for T2DM except forlower plasma
(2014) California: higher lacta- adiponectin after GDM delivery
Asian, Non- [ tion intensity
Hispanic is related to
White, Non- [ more favor-
Hispanic able blood
Black, lipids, lipo-
Hispanic, proteins, and
Other adipokines
after a GDM
pregnancy
Zhang et al. | n=7,759 2012- | Denmark and | Investigatethe | Hybrid Pro- | Progression from GDM to T2DM ranged from 23.1%
(2019) 2016 us genetic and | spective | to27.2% of the study population
environmental | cohort study
factorsthatare | combinedwith | Women with a history of GDM have a greater risk of
implicated in | existing data | hypertension and cardiovascular disease

the progres-
sion from
GDMto T2DM

A healthful diet, lifestyle factors, and weight control
correlated with a lower risk of T2DM, hypertension,
and cardiovascular disease
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Table 1. Summary of Scoping Review on Risk Associated with Developing Gestational Diabetes Mellitus and Subsequent Type 2 Diabetes

Mellitus
Study Studi Number of §rt'udy Locati Purpose of Method Key Findings Relevant to Hawai‘i’s Multi-ethnic
Categories tudies Participants P ime ocation Study ethods Population
eriod
2) Lifestyle [ Allalouetal. | n=1,035 2008- | Non-Hispanic | Identify early [ Prospective | Several amino acids and all hexose sugars play
Factors (2016) (Asian=340) 2011 White, Non- | diagnostic | cohortstudy | important roles in T2DM development and impaired
Hispanic biomarkers fasting glucose levels
Black, His- to predict risk
panic, Asian, | and etiology Women who developed T2DM had a more T2DM-like
Other of developing metabolite profile within 6-9 weeks postpartum and
T2DM follow- were more likely to have been treated with insulin or
ing GDM oral medication during pregnancy
Bao et al. | n=4554 1991- | Nurse’s Examine the | Prospective | Increased physical activity maylower the risk of progres-
(2014) 2007 Health Study | role of physi- | cohort study | sion from GDM to T2DM
Il cohort (14 | calactivityand
states in US) | sedentary be-
haviors in the
progression
from GDM to
T2DM
Bao, n=3976 1991- | Nurse’s Examine the | Prospective | Greaterintakes of total iron, dietary heme iron, dietary
Chavarro 2009 Health Study | association | cohortstudy | heme iron and supplemental iron were associated
etal. Il cohort (14 | of habitual with increased risk for T2DM among women with a
(2016) statesin US) | iron intake history of GDM
with long-
term risk of
T2DM among
women with
previous GDM
Bao, Li et al. | n=4,502 1991- | Nurse’s Examine the | Prospective | Low-carbohydrate diet with high protein and fat intake
(2016) 2011 Health Study | long-term ef- | Cohort Study | from animal-source foods is associated with higher
Il cohort (14 | fects of a low- risk of T2DM, while a low-carbohydrate diet with high
statesin US) | carbohydrate protein and fat intake from plant-source foods is not
diet on GDM significantly associated with risk of T2DM
to T2DM pro-
gression
Brown et al. | n=1,463 2011- [ Northem Cali- [ Examine | Cross-sec- | Ethnic group attachment is associated with certain
(2016) (Chinese=168, 2013 fornia (Black, | w h et h e r | tional study lifestyle behaviors that may promote behaviors associ-

Filipina=165, South
Asian=144, Other
Asian=153)

Latina,
Non-Hispanic
white, Chi-
nese, Filipina,
South Asian,
Other Asian)

strength of
attachment to
one’s ethnic
group could
account for
variation in
lifestyle be-
haviors in
women with
previous GDM
who are at
high risk for
T2DM

ated with risk of developing T2DM
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Table 1. Summary of Scoping Review on Risk Associated with Developing Gestational Diabetes Mellitus and Subsequent Type 2 Diabetes

Mellitus
Study Studi Number of §rt'udy Locati Purpose of Method Key Findings Relevant to Hawai‘i’s Multi-ethnic
Categories tudies Participants P ime ocation Study ethods Population
eriod
3) Metabolic | Batchuluun | n=24 Not SWIFTcohort; | Investigatethe | Prospective | Serum medium-chain (M)-acylCs are associated with
Signatures etal. speci- [ Northern Cali- | link between | cohort study | GDM and early TD2M onset, which directly impairs
(2018) fied fornia: Asian, | acylC species R-cell function
Non-Hispanic | and R-cell
White, Non- [ dysfunction /
Hispanic | onsetofdiabe-
Black, His- | tes after GDM
panic, Other
Khan et al. | n=1,035 2008- | SWIFTcohort; | Identify a [ Prospective | Predictive signature of reduced sphingolipids is as-
(2019) (Asian=362) 2011 Northern Cali- | predictive | cohort study | sociated with the pathophysiology of transition from
fornia: Asian, | signature and GDM to T2DM
Non-Hispanic | early-stage
White, Non- | pathophysi-
Hispanic | ology of the
Black, His- | transitionfrom
panic, Other | GDMto TD2M
Lai et al.| n=658 2008- [ California: | Furthertheun- | Nested case- | Aminoacidand ipid dysmetabolismamongwomen with
(2020) (Asian=196) 2011 White, Black, | derstandingof | control study | ahistory of GDM can serve as a metabolic signature to
Asian, His- | the pathology predict the transition from GDM to T2DM in the early
panic underlying the postpartum period
transition from
GDMto T2DM
4) Racial/ | Gunderson | n=1,035 2008- [ SWIFTcohort; [ Evaluate | Prospective | Lowerlactationintensity and shorter duration; Hispanic/
Ethnic Dis- | etal. (Asian=362) 201 Northern Cali- | lactation | observational | Asian ethnicity, adverse newborn outcomes, use of
parities (2015) fornia: Asian, | and 2-year | cohortstudy | insulin or oral medications during pregnancy, and
Non-Hispanic | incidence of higher dietary consumption of animal fat were associ-
White, Non- | T2DM after ated with higher 2-year incidences of T2DM following
Hispanic| GDM preg- a GDM pregnancy
Black, His- | nancy
panic, Other
5)Prevention | Aroda et al. [ n=350 (GDM) 1996- | Caucasian, | Evaluate | Randomized | Amongwomen witha history of GDM, both lifestyle and
Interventions | (2015) 2009 African Ameri- | the impacts | controlledclin- | metformin interventions were effective in reducing the
and Postpar- n=1,416 (no GDM) can, Hispanic, | of Intensive | ical trial with | progression to diabetes over a 10-year period
tum Follow- American|ndi- | Lifestyle (ILS) | observational
up Care an, and Asian | andmetformin | follow-up Among women without a history of GDM, lifestyle
American | interventions interventions only reduced the progression to T2DM
(n=47) in women with
and without a
history of GDM
using Diabe-
tes Preven-
tion Program
(DPP) cohort
Bernstein | n=12,622 2006- | United States; | Assesstheim- [ Secondary | GDM severity in the index pregnancy was a strong
etal. (Asian=123/1,091 | 2012 Asian, Black, | pact of GDM | analysis predictor of subsequent T2DM onset
(2019) women who con- Hispanic, | recurrence
ceived within 3 years White and/or deliv- Regardless of interval between deliveries, GDM reoc-
of index pregnancy) ery interval on curs in 50% of subsequent pregnancies
follow-up care
and T2DM Ashortinterval (<1year,compared to >2 years) between
onset the initial GDM delivery and subsequent pregnancy

increased the likelihood of early onset T2DM, sug-
gesting the importance of contraceptive counseling
after a GDM pregnancy
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Discussion

This scoping review confirms the disproportionate burden of
risk factors leading to GDM or subsequent development of
T2DM in NHPIs and Asians. These findings are supported by
other studies in the literature, which demonstrate that GDM
disproportionately affects Asian, African American, and His-
panic women compared to White women, and that the risk for
developing GDM is 3-fold higher for Asian women: a trend that
increases exponentially with increasing BMI. 44343

In addition to the 2 studies in this review that investigated GDM
prevalence amongAsian and NHPI populations in Hawai‘i,>** the
most recent PRAMS data reported that 14.4% of new mothers
in Hawai‘i self-reported a GDM diagnosis in 2015, including
27.1% of Samoan and 20.2% of Filipino mothers, compared to
6.6% of White mothers. This review demonstrates the growing
number of pregnancies complicated by GDM in Hawai‘i, which
isup from4.8% in 1995. Work done prior to this scoping review
found similar racial/ethnic disparities in GDM prevalence.*
This further highlights the longstanding disparities in GDM
prevalence that are still present today.

The time before and during pregnancy is an important time
in a woman’s life to prevent an initial GDM diagnosis, or to
mitigate the risk of a future T2DM diagnosis for both herself
and her offspring.!®4¢ A substantial number of women, espe-
cially those of high-risk racial/ethnic groups, are unaware of
the risk factors that could lead to the development of GDM and
subsequent T2DM. For example, one study showed that 42%
of a cohort of Samoan women were either unsure or not aware
that diabetes could first occur during pregnancy. Furthermore,
only 25% of participants identified pre-pregnancy obesity as
a risk factor for GDM, which was the most widely identified
risk factor in the study.“® Another study interviewed American
Indian and Alaska Native women who stated they wished they
had been aware of the risk factors for GDM prior to pregnancy.
Participants also voiced that intervention programs should be
cognizant of cultural preferences when encouraging diet and
lifestyle modifications.*’

Therefore, culturally appropriate preconception planning
programs are important to provide education counseling to
women of reproductive age who may face language barriers
when seeking reproductive health guidance.>**” Populations
that may benefit from such programs include immigrants to
higher-income countries, who are traditionally underweight
or of normal weight, yet have higher rates of obesity and thus
are at increased risk of developing GDM.?##4 For example,
a program for a disadvantaged Mexican-American cohort
partnered coaches with diabetic patients based on language
and ethnicity. These coaches helped to promote patient engage-
ment during medical appointments.® Other studies proposed
and implemented programs that educated women about GDM,
GDM-associated risk factors, reproductive health, nutrition

label interpretation, and how to include diabetes care amidst
family and social situations.®**

Prior work has reported success in preventative interventions
for GDM during pregnancy. One study of high-risk Finnish
women in early pregnancy using a lifestyle intervention was
shown to reduce the development of GDM by 39%.% In ad-
dition, 2 meta-analyses found physical activity programs in
pregnancy reduce the development of GDM.*'*? While not all
preventative interventions demonstrated such positive results,'s
these encouraging data suggest that modifiable risk factors can
be effectively addressed to reduce GDM. Thus, based on our
review findings highlighting disparities and challenges regard-
ing GDM particular to NHPI and Asian women, preventative
interventions targeted to these high-risk groups are warranted.

Because a recent meta-analysis found that women with previ-
ous GDM have a 10-fold increased risk of developing T2DM
compared to women without a history of GDM,* and the
prevalence of T2DM following GDM ranged from 26% to
36% with the risk of T2DM increasing linearly by 10% every
10 years in other cohorts, the necessity to manage care after
an initial GDM diagnosis is critical to avoid long-term health
complications.*** A common theme across other reviews shows
that early and consistent postpartum screening for T2DM plays
an essential role in delaying and preventing the onset of T2DM
after GDM.’° However, similar to the reviewed literature, other
sources cite inadequate GDM screening resources and inadequate
training for staff, difficulty scheduling appointments or tests,
and family-related practicalities as reasons why patients are
unable to receive proper follow-up screening.*-’

While various risk factors have been established for the progres-
sion of GDM to T2DM, few studies focus on Asian and NHPI
women, particularly in Hawai‘i. As previous studies showed
that PIs had the highest need for insulin to treat GDM, and the
use of insulin, as a marker of greater hyperglycemia, is associ-
ated with a 3.5 times higher risk for postpartum T2DM. Similar
investigation of disparities in other risk factors would offer the
opportunity to develop a tailored-approach to preventative care
for high-risk populations.®

Study Limitations

There were several common limitations that posed difficulties
in reviewing and interpreting the published literature. First,
inconsistent criteria used to clinically diagnose GDM hindered
comparisons between, and possibly even within, cohorts.'”?!
GDM risk factors may also vary depending on the criteria used
to diagnose the condition.

In addition, due to the large number of multiracial women in
Hawai‘i, classifying individuals into a single racial/ethnic group
is challenging. Aggregating racial/ethnic groups and subgroups
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may assist in classification, however, heterogeneity within ra-
cial/ethnic groups may obscure important differences between
ethnic groups that are clinically relevant.*2°22

Finally, many of the studies relied on retrospective data, such
as birth certificate data, that may underestimate GDM preva-
lence and lack important variables.’ On the other hand, GDM
diagnoses in women prior to 20 weeks’ gestation suggest the
presence of pre-existing undiagnosed diabetes that was only
identified when tested during pregnancy, thereby overestimat-
ing true GDM prevalence.? Other studies also used self-report
data for variables such as GDM, BMI, and ethnicity, which
may also be subject to bias.??

Conclusion

This review shows that there is a paucity of recent literature
on the ethnic disparities in GDM and subsequent develop-
ment of T2DM, particularly for Hawai‘i’s Asian and NHPI
populations, despite these populations’” known increased risk
for GDM. Given the relationships between GDM, subsequent
T2DM, and increased adult-onset metabolic disease in offspring
exposed to in-utero GDM/T2DM, these disparities are likely
to worsen without intervention. Periodic reviews of present
disparities and the healthcare system’s response to the increase
of GDM and T2DM are necessary to help design upstream
ethnic-specific intervention and education programs in order to
stop the perpetual intergenerational cycle of GDM and T2DM
in Asian and NHPI populations. Identifying high-risk women
prior to and early in pregnancy offers unique advantages during
a “window of opportunity” in women’s reproductive lifecycles
to implement interventions and educational programs aimed at
healthy lifestyle behaviors that may reduce the risk of GDM
and subsequent T2DM.

Future studies should also look at individuals who identify with
a particular mix of races/ethnicities that independently are at
increased risk for GDM or subsequent T2DM. This would pro-
vide a more accurate representation of Hawai‘i’s multi-ethnic
population and could inform the development of ethnic-specific
approaches to dietary preferences and cultural-based physi-
cal activities. In addition, it is critical to establish consistent
screening with standard diagnostic criteria to better detect and
compare the development of GDM in vulnerable populations.’

Lastly, several risk factors for GDM were shown to vary by
race/ethnicity, such as high BMI and maternal age. Future stud-
ies should continue to investigate other modifiable and health
systemrisk factors, such as follow-up screening and post-partum
care of GDM pregnant mothers aimed at reducing the progres-
sion from GDM to T2DM that may vary between populations.
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Factors Contributing to Snorkel Drowning in Hawa

Philip R. Foti MD; Carol M. Wilcox; Ralph S. Goto

Abstract

Causes of the extraordinarily high and increasing incidence of snorkeler
drownings in Hawai'i have remained unexplained for years. Defining the
mechanisms and factors predisposing to drowning while snorkeling is needed
to provide recommendations to substantially mitigate the incidence of this
form of preventable death. The mechanisms of drowning are described
and insight into the predisposing factors are explored in this study. Methods
included measuring snorkel airway resistance characteristics, case reports
from the State of Hawai'i Medical Examiner’s office, and collating information
by survey, principally from rescued survivors. This study identified 2 modes
of drowning while snorkeling that need further investigation: accidental or
inadvertent aspiration, and hypoxia resulting from acute negative pressure
pulmonary edema. The incidence of drowning from mechanisms of hypoxia
due to rapid onset pulmonary edema is an important focus of the study and
a number of potentially significant predisposing factors are presented that
need further investigation but provide bases that may become part of updated
policies and practices for snorkelers to substantially lower the risk of death.
This report is meant for both medical and public health information purposes.

Abbreviations

ACM = alveocapillary membrane

ANPPE = acute negative pressure pulmonary edema

HAPE = high altitude pulmonary edema

NTP = negative transthoracic pressure

ROPE = rapid onset pulmonary edema

SIPE = swimming induced pulmonary edema

SIROPE = snorkeling induced rapid onset pulmonary edema

Keywords

Aspiration, Hypoxia, Pulmonary Edema, Snorkels

Introduction

Hawai‘i is the focal point of numerous drownings, the great
majority of which are ocean related, and involve snorkeling
tourists over the age of 50. The Medical Examiner’s Office
has been assiduous in conducting postmortem examinations,
but the nature of demise makes it difficult to reconstruct the
reasons for drowning in most cases. Details of demographics
of drowning elsewhere in the world have not been reported
accurately, and the total number of deaths may be stagger-
ing. There are four mechanisms of drowning that may befall
snorkelers: (1) trauma; (2) intervening acute medical adverse
event; (3) inadvertent or accidental aspiration of water; and (4)
hypoxia due to rapid onset pulmonary edema (ROPE). The
first 2 are relatively uncommon and distinguishable from each
other. Distinguishing between the last 2 of this list is difficult
or impossible after death. Achieving the goals of this study re-

quires that we determine as accurately as possible, methods of
distinguishing between inadvertent aspiration and hypoxia due
to ROPE in cases of drowning and near-drowning. Investigation
of the possible reasons for death from available information in
many cases indicates that the usually proposed explanations
of these events (anxiety, panic, fatigue, inexperience, and lack
of familiarity with ocean conditions, equipment and proper
technique) are not adequate explanation for death from aspira-
tion. For years the role of carbon dioxide rebreathing has been
repeatedly implicated, but no science to support it as a serious
contender has appeared. Recognizing ROPE as a mechanism
of drowning has required documentation of cases of survivors
of snorkeling induced ROPE (SIROPE) related hypoxemia. It
has been suspected that the increase in negative transthoracic
pressure (NTP) required to maintain adequate volumes of ven-
tilation during immersion promote ROPE and hypoxia under
these circumstances. Pulmonary edema results in hypoxemia
which rapidly leads to weakness, loss of normal neurologic
reflex responses, confusion, and diminished consciousness. The
alveocapillary membrane (ACM) is permeable to water in both
directions. Both endocapillary and alveolar pressures need to
be more or less balanced to maintain homeostasis.

During inhalation, negative intrathoracic pressure is achieved
by muscular contraction of the diaphragms and “bucket handle”
motion of the ribs. This “vacuum” effect of increasing intratho-
racic volume draws air into alveoli. When intraalveolar negative
pressure is sufficient to exceed oncotic pressure of capillary
contents, water flows toward the alveolus. When intracapillary
pressure is substantially increased and/or ACM permeability
is compromised, flow is toward alveoli unless intraalveolar
pressure exceeds endocapillary pressure. When integrity of
the ACM mechanically fails completely, capillary contents
spill directly into alveoli. This type of acute negative pressure
pulmonary edema (ANPPE) has been well described in scuba
divers, by anesthesiologists and, more recently, is recognized
in swimmers' To our knowledge it has not been reported as a
cause of death in snorkelers.

ANPPE is known to exist in larger mammals capable of high
levels of ventilation and cardiac output during maximal effort,
in which case it has been referred to as mechanical failure of
the ACM.?? In the case of scuba, it is referred to as immersion
pulmonary edema (IPE), and in competitive swimmers SIPE
(swimming induced pulmonary edema).* The connection be-
tween hypoxia due to these types of ROPE and that resulting
from snorkeling activities has not been well documented or
studied in the past. A literature search did find one 2017 case
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reportof hemorrhagic pulmonary edema ascribed to snorkeling.
Investigation of cases of individuals surviving these hypoxic
episodes has led the team to believe that this mechanism of
death is, indeed, reality. Clinical detection of hypoxia and
oxygen desaturation with no sign of aspiration at the time of
rescue, documentation of clinical and radiographic pulmonary
edema rapidly resolving with or without oxygen and or diuretic
therapy, and the lack of abnormal findings on cardiopulmonary
testing cannot be otherwise explained. The incidence and patho-
physiology involved, inaddition to identifying the predisposing
factors that increase the risk of its development are the scope
of this study. Several of the potential causes for excessive NTP
and ANPPE, which can contribute to or induce ROPE, include
immersion, increased inspiratory resistance induced by various
snorkel designs, and other factors. Snorkels are responsible for
some increase in NTP depending upon the degree of resistance
upon inhalation. Other factors, which are listed in the discus-
sion section of this report play a role in increasing the risk of
ROPE and include subclinical conditions which commonly go
unrecognized because they produce little or no symptoms at
usual levels of activity. Mountain climbers may be similarly
affected from a form of ROPE referred to as high altitude pul-
monary edema (HAPE).® There is reason to believe that these
factors may affect air travelers as well. This is a preliminary
report of findings because augmented education, messaging,
and policy changes are urgently needed to diminish the risk of
preventable deaths.

Methods

Three strategies were used to gain further information on the
mechanisms of drowning among snorkelers: (1) snorkel airway
resistance analysis, (2) medical examiner case reports, and (3)
survivor-derived information. Because ANPPE is the common
denominator for hypoxiaunder immersion circumstances, snor-
kel airway resistance analysis was achieved by designing and
fabricating a device to measure negative pressures at various
flow rates to test various snorkels to determine their potential
contribution to negative transthoracic pressure. The device
consists of a vacuum blower with adjustable flow, a flow meter,
and a negative pressure transducer interposed between it and
the mouthpiece of the snorkel. Because the number of varied
designs of available snorkel devices is too numerous to count,
the first 50 that were randomly received in the laboratory from
various sources were tested at flow rates of 1, 2 and 3 liters per
second. Theresults were recorded graphically in negative cmH,O
pressure, having been converted from kilopascals measured
from the transducer. These were plotted on bar graphs at 3 liters
per second for simplicity of review. These data were subjected
to Mann Whitney statistical analysis. For each apparatus, the
two technicians testing the snorkels who were familiar with
various snorkel designs attempted to guess, after careful inspec-
tion, whether the device would test at high or low resistance.
The technician estimates were recorded prior to testing. Pres-
sure greater than -5 cmH_,0 pressure was designated as high.

Estimates were compared with measurements on the analyzer
to gain insight into how likely a would-be snorkeler might be
expected to select a low resistance device by inspection alone.

The 50 devices were grouped into those with some form of
dry device (designs in attempts to prevent water entering the
snorkel tube), those with no dry device, and full-face masks.
There were 29 dry devices, 16 without dry devices, and 4 dif-
ferent manufacture full face masks. One device was omitted
from the analysis because it was lost and could not be confirmed
to be dry or not.

State of Hawai‘i Medical Examiner reports from the summer of
2017 tosummer of 2019 were reviewed in detail by the principal
investigator. The state’s Medical Examiner is responsible for
submitting reports from all the islands and, when it is possible,
necropsies are part of the report in virtually all cases. Medical
Examinerreports consist of findings compiled by an investigator
and a final report, which includes autopsy findings, prepared by
the medical examiner. Data available from these documents
were collected in order to cross reference investigator reports
with necropsy findings, and to analyze each case of snorkel
drowning for clues as to which of the two mechanism catego-
ries (aspiration vs hypoxia) a given death could most likely be
ascribed. Criteria for distinguishing between the 2 mechanisms
included presence of observed struggle vs quiet cessation of
activity and motion, water in the mask, details of descriptive
accounts of ocean conditions, and predeath behavior. Cross ref-
erencing other information accumulated during review of cases
showed no correlation between snorkelers and nonsnorkelers in
reference to presence or absence of “foam cones,” sinus fluid
volumes and description, gastric volumes or contents, ambi-
ent sea conditions, or position in which victims were found.
Foam cones refer to the shape of salivary and oral fluid foam
which commonly collects with the base of the cone covering
the oral aperture. They have been commonly described in the
case of drowning when examination may be conducted within
hours after the incident and have been accepted as a sign highly
suggestive of drowning. Correlation between information con-
tained in investigator’s reports concerning details of travel data,
prior illness, preincident behaviors and activities engaged in
by victims, whether or not they were found by first responders
with water in the mask, and in most cases the type of snorkel
equipment used, was unsuccessful. The reasons for this lack
of success was because of insufficient detail in the reports, but
also because the descriptions of macro and microscopic find-
ing of necropsies were unable to distinguish between the two
mechanisms responsible for a given death. For example, 100%
of all victims had pulmonary edema with varying degrees of
hemorrhage, so no correlation could be made between degree
of hemorrhage and the mechanism of drowning.

Survivor-derived information: 10 cases of nonfatal drown-
ings were selected from respondents to a survey posted on
our website and investigated in as much detail as possible.
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The survey had been developed over a period of years by the
study team in concert with the Hawai‘i Department of Health
subcommittee on Aquatic Safety, even before this study was
formally underway. Individuals interested in reporting events
were directed to the website by various lifeguard and other
first responders, by information posted in specific areas (for
example, Hanauma Bay), and by word of mouth and media
exposure. Each case was thoroughly investigated in person
and by telephone by the principal investigator and included
interviews with survivors, rescuers, and other knowledgeable
persons (eg, lifeguards, bystanders, and emergency medical
services personnel). Institutional Review Board approval for this
investigation was obtained through the Department of Health.
Consent for contacting survey responders was requested on the
survey itself. No one was contacted if consent was not clearly
agreed to in the survey. Documents including hospital records,
radiographs, and laboratory information were reviewed. It was
determined that these cases represented examples related to
ROPE (rather than aspiration) which would have proceeded
to agonal breathing (with potential aspiration in the process
of termination of brain life) if the snorkeler were not rescued.
The survey report questionnaire had been developed and
implemented to allow for ongoing sources of information to
refine cumulative data concerning the details of importance in
determining which mechanisms may be responsible and critical
information concerning factors predisposing to ROPE. This
survey is ongoing and on the study website. It is updated and
upgraded as needed.

Results

Snorkel Airway Resistance Analysis: Figure 1 expresses all 50
random measurements depicted as the negative pressure required
at 3 liters per second. Of the 15 snorkels tested with greater
than -5 cmH, 0, 4 were guessed correctly (26%) and 29 of 35
testing less than -5 cmH20 pressures were guessed correctly
(80%). The preliminary information resulting from these graphs
suggests that, in general, airway resistance in a given snorkel
device is very variable, depending on features of design, and
variability is similar in dry, non-dry, and full-face mask devices.
Estimates of resistance, although strictly anecdotal, do indicate
that the accuracy of quantitating resistance subjectively sug-
gests that the likelihood of a would-be snorkeler to guess if a
given device will have high resistance is poor. Submission of
bar graph derived data to Mann Whitney testing indicated no
statistical differences.

Medical Examiner Case Reports: Of the 98 drowning reports
reviewed, 32 were snorkel-related including 8 deaths which
involved swimmers known to have advanced experience in

snorkeling (Table 1). They were all known to be free divers and
spear fishing fishermen. None was engaged in free diving at the
time, to explain their events. Because of insufficient information
in reports, it is uncertain as to how many were actually spear
fishing at the time of the event that resulted in death. The posi-
tion in which victims were encountered in snorkels was floating
face down at the time of first encounter, except 2 who had full
face masks. Utilizing the information available in each case, the
team grouped cases into 3 categories: very likely, less likely,
and definitely not related to hypoxia as the source of drowning.
Of the 32 deaths, 15 were judged to be very likely the result of
hypoxia due to ROPE, and 14 cases were considered as likely
to be due to either ROPE or aspiration. Three were “not able
to be definitely assigned” to either mechanism.

Survivor derived information: Documentation from10 cases
reviewed as outlined above indicated thatall but 1 of the subjects
were over 50 years of age. Because of echocardiographic signs
of diastolic dysfunction, 1 was referred for further investigation
and eventually abiopsy proven diagnosis of myocardial amyloi-
dosis confirmed. Otherwise, there were no certain indications of
cardiovascular disease in any of the10 cases. Features commonly
encountered in the 10 near drowning survivors documented to
have had findings consistent with ANPPE induced by ROPE-
related hypoxia are as follows:

No history or sign of aspiration

Initial symptoms of shortness of breath, progressive
fatigue, and weakness

Rapid development of diminishing mental alertness/near
syncope

Often associated with extraordinary effort

Required assistance

Oxygen desaturation at time of first responder or

EMS arrival

Hypoxemia and pulmonary edema documented after
arrival at emergency facility

Usually treated with diuretics and oxygen

Resolution of pulmonary edema within hours

No unusual findings on cardiovascular testing to explain
the pulmonary edema were found in the 6 subjects who
were evaluated in emergency facilities.

Extraordinary effort described included intentional swim train-
ing workouts in 2 cases, effort required to swim against strong
current (3 cases), and long-distance swimming in 2 cases. The
syndrome of dyspnea, fatigue, weakness and rapid deteriora-
tion of mental alertness was described in all cases, just before
being rescued.
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Figure 1. Separation of Negative Pressure Results Based on Snorkel Category Type

Blue =no dry device, Green =full-face mask, Yellow=dry device. Dotted Red line indicates the median negative pressure value per
category: no dry device=3.00, full facemask =4.46, dry device=3.7. There is no statistical significance in the difference of median
based on Mann Whitney tests between full facemask and dry device (W =55, P=.89), full facemask no dry device (W=42, P=.37),
and dry and no dry device (W=310,p= P=.07).
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Table 1. Demographic summary of snorkel-related deaths in Hawai'i
Grouping Ii‘]?lsr:::::: Percentage
Gender
Male 22 69
Female 10 31
Age
<40 5 16
40-49 6 19
50-59 9 28
60-69 9 28
>70 3 9
Residency Status in Hawai'i
Local resident 10 31
Visitor 22 69
Specific Activities
Freediving/Spearfishing 8 25
Unspecified 24 75
Previous Travel
No Information 25 78
>5 days 1 3
2 days 4 13
1 day 2 6
Cardiac Disease
Cardiacdisease likely tohave increased
left ventricular end diastolic pressure 14 44
(LVEDP)
No clinical or autopsy evidence for 6 19
cardiac disease
Insufficient cardiac information 12 38
Rating of Snorkel drowning for ROPE
Very Likely 15 47
Likely (>50%) 14 44
Not Likely 3 9
Comorbidities of the six deaths not associated with pre-existing cardiac disease
Bilateral Active Infectious Pneumonia 1 3
Amphetamine 2 6
THC 1 3
Alcohol 2 6

Data Source: Review of State of Hawai‘i Medical Examiner’s reports from summer
of 2017 to 2019

Discussion

Snorkels, for the most part, offer relatively minor additional
resistance to the NTP required to achieve usual inspiratory vol-
umes during immersion. However, the major variation in snorkel
resistance characteristics observed, and inability to estimate it
by inspection, indicate that a substantial increase in required
negative pressures may inadvertently become the case without
the snorkeler’s knowledge or ability to appreciate, especially at
higher levels of work and minute ventilation. Immersion alone
results in an increase in ambient pressure. For example, at 12
inches midthoracic depth, approximately 30 cm of H,O pres-
sure is added to the unsubmerged pressure of 1035 cm at sea
level (eg, £760 mmHg). In addition, the prone position results
in redistribution of intravascular blood such that 500-700 ml
accumulates in the pulmonary vasculature anteriorly, changing
the pressure volume characteristics of the ACM.” At the same
time, even with least resistance type snorkels, there is added
some 3-5 cm of negative water pressure per breath, such that
the NTP may be in the vicinity of minus 35 cm for each inha-
lation. At 10 breaths per minute, assuming 3 liters per second
flow rate depending upon tidal volume and other variables,
the cumulative negative pressure for that minute could total,
conservatively, 350 cm of negative water pressure, or more.
A snorkel causing high resistance adds to NTP accordingly.
Sufficient negative pressure may be transferred to alveoli for
a given period of time to result in focal hypoxia sufficient to
trigger pulmonary arteriolar constriction.! Hypoxia-related pul-
monary arterial hypertension and increased vascular resistance
is generalized, heterogeneous and disorganized as compared to
normal responses.’ These mechanisms are suspected in HAPE
as well. Results of medical examiners’ reports and autopsies
yield relatively little information of value in terms of distin-
guishing between accidental drowning and hypoxia-induced
death. Nonetheless, the fact that 25% of the snorkeler deaths
occurred to experienced divers tends to support the impression
that inexperience, panic, anxiety, and lack of familiarity with
equipment and techniques are not reasonable explanations in
a significant number of cases.

Support for the hypothesis that a substantial number of such
deaths are hypoxia related is also suggested by clinical and
historical descriptions of information retrieved from investiga-
tors’ reports. Necropsy does not provide information allowing
for differentiation of accidental vs hypoxic causes. Histologic
and other features of pulmonary edema, which was present in
all cases, were not of assistance in distinguishing between the
2. Hypoxic causes may be more likely to occur in patients who
have various cardiac conditions including diastolic dysfunction
which may be a common predisposing factor. All but 3 cases
were found floating face down at the time of first observation,
except 2 which involved full-face masks. In the case of 1
victim found face up, there was no reported history of snorkel
use. Whether full-face masks may pose additional risks needs
further study but was not a focus of this investigation.
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Survivor derived information provides the clues to the mecha-
nisms of hypoxia as the cause for near-death. To date, we
have insufficient information to draw conclusions of statistical
significance concerning the frequency of hypoxia vs accidental
aspiration-induced deaths. Ongoing analysis of surveys from
nonfatal drownings, which include information targeting predis-
posing factors, will be more valuable as they increase in number.

The possible comorbid and nonpathologic states suspected to
be predisposing contributing factors to precipitation of ROPE
include elevated left ventricular end diastolic pressure, patent
foramen ovale, septal defect, pulmonary hypertension, valve
disorders and inherited or acquired variations in physiologic
vascular, humoral and neurologic responses which control
pulmonary vasoconstriction (eg, NO synthase activity, prostacy-
cline, endothelin, mitochondrial function, and 2, 3 DPG levels).
Of particular interest to Hawai‘i is evidence that long distance
air travel may result in many hours of exposure to sufficient
hypoxemia to compromise the integrity and permeability of
the ACM in subtle, subclinical fashion, making newly arrived
snorkelers at greater risk in the several days after landing.
Despite exhaustive search of literature, communications with
the Federal Aeronautics Administration, National Aeronautics
and Space Administration, National and International Airline
Pilots associations, and aeronautics companies in the United
States, no references of consequence were found to address
this hypothesis. Hypobaric chamber studies have shown that
especially in older patients, mean pulmonary artery pressure
and vascular resistance increase in response to low grade
hypoxemia associated with high altitude commercial travel.'
The degree of such response must vary with many co-factors,
including individual variations in physiologic responsiveness
to hypoxia. The passenger’s habitat elevation could be another
such variable.

Conclusion

This preliminary report suggests that measurements of snorkel
airway resistance show that airway resistance in a given snorkel
canbe markedly variable and cannot always be safely determined
by inspection. Furthermore, snorkels with high resistance can
increase transthoracic negative pressure sufficiently to induce
or add to hypoxia due to ANPPE under certain circumstances

which is a cause for near drowning and death while snorkeling.
Consequently, the incidence of drownings and near drownings
due to this mechanism is unknown at this time. Postmortem
examination reports investigation indicate: (1) for the most
part, necropsy findings are unable to determine whether a given
snorkel death is due to accidental aspiration or ANPPE-induced
hypoxia; and (2) improvement in recording clinical historical
features as part of postmortem evaluations would be valuable.
Ten case studies of survivors indicate: (1) ANPPE and hypoxia
have been documented in survivors of near drowning experi-
ences; and (2) predisposing factors exist, which are thought to
be capable of adding to the likelihood of ANPPE in snorkelers.
They include many factors which need further study: left heart
and other occult medical condition, victim habitat altitudes, and
possibly long-haul air travel are included in this list.
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In 1993, the Medical School Hotline was founded by Satoru Izutsu PhD (former vice-dean UH JABSOM), it is a monthly column from the University of Hawai'i
John A. Burns School of Medicine and is edited by Kathleen Kihmm Connolly PhD; HIH&SW Contributing Editor.

Introduction

We, the board members of ‘Ahahui o Na Kauka (AONK), the
Association of Native Hawaiian Physicians, mourn the recent
passing of one of our kizpuna (distinguished elder) Native
Hawaiian physician members, Dr. Elizabeth Tam, former chair
of the Department of Internal Medicine at the University of
Hawai‘i John A. Burns School of Medicine and treasurer of our
board. We would like to recognize Dr. Tam’s contributions to
AONK by presenting a ha i aloha, atraditional Native Hawaiian
chant, composed by one of our members. The chant references
names of winds from significant geographical locations in
Tam’s life — from her home in Wai‘alae to her workplace in
Kaka‘ako. These winds are used to describe the farreach of Tam’s
influence. Dr. Tam is described as facilitating students’ growth
the way that the sun fosters a new plant’s growth. Her research
discoveries elucidated pathways to optimal health like a wind
clearing a path through clouds. Our mourning is compared with
the earth’s trembling during a volcanic eruption; rain repre-
sents tears. Readers may view a video of this chant performed
by author Dr. Mahealani Lum and an introduction by board
president Dr. Emmett Noa Aluli on the ‘Ahahui o Na Kauka
YouTube page at https://youtu.be/VuwSueehjkk, presented at
the virtual celebration of life for Dr. Tam hosted by her family.

AONK is a non-profit organization created in March 1998 by
22 Native Hawaiian doctors at the Native Hawaiian Health and
Wellness Summit in Honolulu, Hawai‘i. The organization’s
mission is to advocate for the health of Native Hawaiians by
providing health education to the community, continuing medical
education opportunities for medical professionals, testimonial
support for public health-related policies that support Native
Hawaiian well-being, and mentorship for Native Americans
Hawaiian pre-medical and medical students.

Dr. Elizabeth Tam

In Memoriam

‘Ahahui o Na Kauka deeply mourns the loss of Dr. Elizabeth
Tam, our 4 ‘a (brightest star). Dr. Tam touched numerous lives
as a kauka (physician), researcher, educator, leader, mother,
mentor, and friend. While pages could be written of her numer-
ous accomplishments, here we share our %ali ‘a aloha (fondest
memories) of how Dr. Tam made a lasting impact on the Native
Hawaiian community and shaped ‘Ahahui o Na Kauka from
her first iuaka ‘i (excursion) to her induction as a distinguished
kauka kapuna (respected elder physician), apermanent member
of our governing board.

Dr. Tam possessed a strong sense of kuleana (responsibility)
during her academic career. Her personal drive, powerful
intellect and business acumen allowed ‘Ahahui o Na Kauka
to metamorphosize from a casual checkbook club to the solid
financial organization it is today when ‘ Ahahui o Na Kauka was
fortunate that Dr. Tam brought with her experience as former
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treasurer for the Hawai‘i State Rural Health Association. To
that end, Dr. Tam guided us through the paperwork needed for
taxes and certifications, re-organized our financial bookkeep-
ing, and provided leadership at meetings. She was one of just
a few members who underwent traditional Hawaiian protocol
training with Dr. Kekuhi Kanahele in preparation for organizing
the international Pacific Region Indigenous Doctors Congress
in Hilo, Hawai‘i, in 2018 and was instrumental in establish-
ing an endowed scholarship for Native Hawaiian medical and
pre-medical students with Ke Ali‘i Pauahi Foundation. In ad-
dition, Dr. Tam provided mentorship and spent hours training
her ‘Ahahui o Na Kauka treasurer successor. Her hours of hard
work balancing the books ensured a seamless transition for what
traditionally has been a challenging role.

As a faculty member at the John A. Burns School of Medicine,
Dr. Tam also played a key role in mentoring kauka haumana
(medical students). Former students and medical residents re-
call witnessing firsthand the power of her personal touch and
calming voice at the bedside. Some say that Dr. Tam treated her
students as her own keiki (children); she would call to check in,
talk about life and ‘ohana (family), and sometimes to scold. In
addition, she emceed the annual Kihei graduation ceremony for
graduating Kanaka Maoli kauka haumana (Native Hawaiian
medical students) for the past decade. As a pulmonologist and
researcher, Dr. Tam advocated for public policy safeguarding
lung health, including tobacco control and the role of volcanic air
pollution and respiratory disease in keiki (children), ultimately
finding little connection between vog and asthma.

In the 1990s, when female doctors were not as ubiquitous,
Dr. Tam was a role model for other young wahine (women),
especially those aspiring to be kauka (physicians). She was
frequently featured as a speaker at events that encouraged
these dreams. She would later say, “My philosophy in all this
is, as a mom, a teacher, and a physician, you get so that people
don’t need you anymore. You push for this independence and
empower them. That’s my goal.”

Dr. Tam’s vibrancy, beauty, legacy, and commitment to the next
generation of healers will never be forgotten. We will remember
her as our Hokuho ‘okelewa ‘a, our canoe-guiding star. In our
times of kaumaha (sadness), we need only look up at night to
see her: 4 ‘a: the brightest star in the sky. Ola mau kou aloha
i@ makou, your everlasting love for us will never be forgotten.

Ka Mauli Ola: He Ha ‘i Aloha no Kauka Elizabeth Tam
Na Kauka Nicole Mahealani Lum

The Breath of Life: A chant in loving memory
for Dr. Elizabeth Tam

By Dr. Nicole Mahealani Lum, ‘Ahahui o Na Kauka
Association of Native Hawaiian Physicians board member

Ug kakou me ke ano
We weep in reverence

Hanohano ka wahine i ke ao
To honor the woman whose brilliance lit this world

Mai Maunuunu a ‘Ao‘aoa
From the Maunuunu wind of Wai‘alae, to the ‘Ao‘aoa wind of
Kaka‘ako, and beyond,

Aloalo nd kona ‘ike loa
Her mastery & grace is well-known and cherished.

Anuanu ko‘u ho‘omaka ‘ana
In the beginning I was afraid, a new plant shoot emerging,

Lamalama i kona ‘a‘a
But then I was enlightened and nourished by her warm glow.

Ua ‘a akaaka
Shining brightly, as the moon and stars,

Uaa‘o a ‘aka‘aka
She shared her wisdom with such joy and kind laughter.

Nui ke aloha no ke kanaka
She had great love for the people she served.

He koa ho‘cla
She was a warrior, a healer for our people,

He mauli ola
Giver of life, who breathed life into our people,

He aheahe ihola
Like a gentle trade wind, a breath of fresh air, coming down
from the mountain,

Pale aku i ka uahi a pau
Pushing the stifling haze out to sea, until clear again.

Aug! Ua ahe, hanu pau
Alas! Just as humbly as she breathed on this earth, she quietly
took her last breath.
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Hanu‘u, hane‘e
Ka una honua
The earth shifted, ever fluctuating,

Ua naue, ‘a pele
Trembling, erupting.

Ka makani ikaika
The winds roar,

UE ka lani, u€ kakou
The heavens weep, as we grieve

No ka me‘e wahine
T alaka‘i ai

For this admired woman who led the way.

E ho‘omalie &

E ku‘u hulu, e lele ‘oe,

Hele malie €.

Rest now.

Our beloved friend, fly now,
Go peacefully.
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Hawai‘i Journal of Health & Social Welfare
(HJH&SW)

Guidelines for Publication of HJH&SW Supplements

The Hawai‘iJournal of Health & Social Welfare (HIH&SW) partners
with organizations, university divisions, and other research units to
produce topic-specific issues of the journal known as supplements.
Supplements must have educational value, be useful to HIH&SW
readers, and contain data not previously published elsewhere. Each
supplement must have a sponsor(s) who will work with the HHH&SW
staff to coordinate all steps of the process. Please contact the edi-
tors at hjhsw@hawaii.edu for more information if you would like
to pursue creating a supplement.

The following are general guidelines for publication of supplements:

1. Organizations, university divisions, and other research units
considering publication of a sponsored supplement should consult
with the HTH&SW editorial staff to make certain the educational
objectives and value of the supplement are optimized during the
planning process.

2.Supplements should treat broad topics in an impartial and unbiased
manner. They must have educational value, be useful to HTH&SW
readership, and contain data not previously published elsewhere.

3. Supplements must have a sponsor who will act as the guest editor
of the supplement. The sponsor will be responsible for every step of
the publication process including development of the theme/concept,
peer review, editing, preliminary copy editing (ie, proof reading
and first round of copy editing), and marketing of the publication.
HIJH&SW staff will only be involved in layout, final copy editing
and reviewing final proofs. It is important that the sponsor is aware
of all steps to publication. The sponsor will:

a. Be the point of contact with HIH&SW for all issues
pertaining to the supplement.

b. Solicit and curate articles for the supplement.

c. Establish and oversee a peer review process that ensures
the accuracy and validity of the articles.

d. Ensure that all articles adhere to the guidelines set forth
in journal’s Instructions to Authors page, especially
the instructions for manuscript preparation
and the statistical guidelines.

e. Obtain a signed Copyright Transfer Agreement for each
article from all authors.

f. Comply with all federal, state, and local laws, rules, and
regulations that may be applicable in connection with
the publication, including ensuring that no protected
health information appears in any article.
g. Work with the editorial staff to create and adhere to
a timeline for the publication of the supplement.
h.Communicate any issues or desired changes to the HTH&SW
staff in a timely manner.

4. Upon commissioning a supplement, the sponsor will be asked to
establish a timeline for the issue which the sponsor and the HTH&SW
editor(s) will sign. The following activities will be agreed upon
with journal publication to take place no later than 24 months after
signing. Extensions past the 24 months will be subject to additional
fees based on journal publication rates at that time:

Final date to submit a list of all articles, with working titles
and authors

Final date for submitting Word documents for copy editing
Final date for submitting Word documents for layout

Final date to request changes to page proofs (Please note that
changes to page proofs will be made only to fix any errors
that were introduced during layout. Other editing changes
will incur an additional fee of $50 per page.)

5. The cost of publication of a HHH&SW supplement is $5,000 for
an 8-article edition with an introduction from the sponsor or guest
editor. Additional articles can be purchased for $500 each with a
maximum of 12 articles per supplement. This cost covers one round
of copy editing (up to 8 hours), layout, online publication with an ac-
companying press release, provision of electronic files, and indexing
in PubMed Central, SCOPUS, and Embase. The layout editor will
email an invoice for 50% of the supplement to the designated editor
for payment upon signature of the contract. The remaining will be
due at the time of publication. Checks may be made out to UCERA.

6. The sponsor may decide to include advertisements in the supple-
ment in order to defray costs. Please consult with the HHH&SW
advertising representative Michael Roth at 808-595-4124 or email
rothcomm@gmail.com for assistance.
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7. Supplement issues are posted on the HTH&SW website (http://
www.hawaiijournalhealth.org) as a full-text PDF (both of the whole
supplement as well as each article). An announcement of its avail-
ability will be made via a press release and through the HTH&SW
email distribution list. Full-text versions of the articles will also be
available on PubMed Central.

8. It is the responsibility of the sponsor to manage all editorial,
marketing, sales, and distribution functions. If you need assistance,
please contact the journal production editor. We may be able to help
for an additional fee.

9. The editorial board reserves the right of final review and approval
ofall supplement contents. The HHH&SW will maintain the copyright
of all journal contents.

Sample Workflow and Timeline for a Supplement

1. The sponsor contacts the HITH&SW editors (hjhsw@hawaii.edu)
to discuss the supplement topic, estimated timeline, length and cost.
HJH&SW staff will review the journal requirements for articles and
share our review process with the sponsor. Time frame: 2 weeks

2.The sponsor will complete the draft contract and pay anon-refund-
able deposit of $2500 or half the contract value. Time frame: 3 days

3.The sponsor will solicit articles for the supplement. Time frame:
3-6 months

Articles must comply with:

e Instructions for Manuscript Preparation and Submission
of Research Articles

e Instructions for Manuscript Preparation and Submission
of Columns
e HIH&SW Statistical Guidelines

o HIH&SW Style Guide for Native Hawaiian Words and Phrases
AMA Manual of Style A free summary can be found here.

4. The sponsor will oversee the article selection, peer review, and
editing process. We recommend that time be allowed for at least
two rounds of reviews for each article. Time frame: 3-6 months

¢ Ensure that each article includes Institutional Review Board
(IRB) review and approval, and a statement disclosing any
conflicts of interest.

e Obtain a Copyright Transfer Agreement signed by all authors

for each article.

5. Optional: During this time, the sponsor can solicit advertisements
for the supplement to help defray costs for publication and/or print-
ing. To initiate this process, the sponsor will work the HTH&SW
advertising representative Michael Roth at 808-595-4124 or roth-

comm@gmail.com.

6. The sponsor or their designee will conduct a final review of each
article to ensure adherence to HTH&SW guidelines and AMA style.
Time frame: 2 weeks

7.For each article, the sponsor will submit the final Word document
and Copyright Transfer Agreement to the HTH&SW journal pro-
duction editor. The journal production editor will send the articles
to the copy editor for final journal style review. Copyediting will
be 8 hours per edition plus 1 hour per article for additional articles
purchased. Any additional hours will be billed at $100 per hour.
Time frame: 2 weeks

8. The sponsor will submit the final articles to the layout editor for
formatting. Time frame: 1 month

Acting in the role of guest editor, the sponsor will include a column
introducing the supplement.

IMPORTANT: All articles submitted for layout should be in their
finalized form. Page proofs will be returned to the sponsor for their
review and approval, but changes will only be made to fix any er-
rors that were introduced during the layout process. Any editing or
changes to the text or figures after the initial copy layout will incur
a fee of $50 per page.

9. The sponsor will review the electronic copy from the layout edi-
tor and submit any final corrections. Time frame: 5 working days

10. The layout editor will make the final corrections and provide a
finished electronic copy of the supplement to the sponsoring editors
to allow time for printing.

11. The managing editor will work with the sponsor to draft a press
release. Sponsors should contact the managing editor at least 30
days prior to the date of publication to plan and script the press re-
lease. Sponsors are encouraged to submit 1-2 photos to accompany
the press release. Note that obtaining signed photo releases is the
responsibility of the sponsor.

12. The supplement will be published online along with the press
release. An electronic copy will be sent to our subscribers and
circulation lists, and the edition will be forwarded to the National
Library of Medicine for indexing and made available for no cost
access to the public.

Revised 2/6/20
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Hawai‘i Journal of Health & Social Welfare
(HJH&SW)

Style Guide for the Use of Native Hawaiian Words
and Diacritical Markings

The HIH&SW encourages authors to use the appropriate diacritical markings (the ‘okina and the kahakd) for all
Hawaiian words. We recommend verifying words with the Hawaiian Language Dictionary (http://www.wehewehe.
org/) or with the University of Hawai‘i Hawaiian Language Online (http://www.hawaii.edu/site/info/diacritics.php).

Authors should also note that Hawaiian refers to people of Native Hawaiian descent. People who live in Hawai‘i are
referred to as Hawai‘i residents.

Hawaiian words that are not proper nouns (such as keiki and kiipuna) should be written in italics throughout the manu-
script, and a definition should be provided in parentheses the first time the word is used in the manuscript.

Examples of Hawaiian words that may appear in the HTH&SW:

‘aina Manoa
ali‘i Maori
Hawai'i Moloka‘i
kiipuna O‘ahu
Kaua‘i ‘ohana
Lana‘i Wai‘anae
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