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Abstract
Objectives Older adults are particularly vulnerable to unhealthy sleep. This study examines the relationship between sleep 
duration and chronic diseases among older Native Hawaiians or Other Pacific Islanders (NHOPIs) and identifies variations 
with older Asians.
Methods In this cross-sectional study, data were analyzed using the 2016 Behavioral Risk Factor Surveillance System. The 
total sample of adults 50 years and older included 1277 NHOPIs and 4655 Asians. Weighted, survey logistic regressions 
were employed to analyze the relationship between sleep duration (i.e., short, healthy, and long) and seven chronic diseases: 
coronary heart disease, stroke, heart attack/myocardial infarction, pre-diabetes, diabetes, chronic obstructive pulmonary 
disease, and depressive disorder. Sleep duration was categorized into short sleep (SS; ≤ 6 h), healthy sleep (7–8 h), and long 
sleep (LS; ≥ 9 h), with healthy sleep as the reference group.
Results Among NHOPIs, SS and LS were significantly related to stroke (OR 3.19, 95% CI: 1.35–7.53 for SS and OR 9.52, 
95% CI: 2.99–30.34 for LS) and SS was associated with pre-diabetes (OR 2.22 CI: 1.07–4.59), after adjusting for all covari-
ates. In contrast, Asians with SS and LS reported higher odds of depression (OR 2.40, 95% CI: 1.20–4.79 and OR 5.03, 95% 
CI: 1.57–16.13, respectively).
Conclusions Findings suggest older NHOPIs with SS or LS experience worse health. NHOPIs and Asians varied on the 
relationship between sleep and chronic disease, underscoring the need to disaggregate Asian/NHOPI data to understand 
health disparities.
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Introduction

Sleep is a public health concern, due to a growing body of 
research linking sleep duration to poorer health outcomes 
[1–7]. Specifically, short sleep (SS) duration, defined as less 
than 7 h of sleep, and long sleep (LS) duration, defined as 9 
or more hours of sleep, have been associated with cardiovas-
cular disease, diabetes, depression, respiratory conditions, 
and early mortality, when compared to healthy adult sleepers 
(i.e., generally adults who receive 7–8 h of sleep during a 

24-h period) [1–6, 8, 9]. Moreover, excessive sleepers have a 
greater risk of early mortality compared to short and healthy 
sleepers [1, 3]. Based on these reports, sleep has been found 
to encompass a U-shaped pattern with SS and LS duration 
at higher risk of morbidity and premature death [1–3, 5, 10].

Older adults are particularly vulnerable to unhealthy sleep 
behaviors. Biological changes in the circadian rhythm, mel-
atonin levels, and adenosine concentrations result in less 
deep, non-rapid eye movement (nREM) sleep and an altered, 
unsatisfying sleep pattern [7, 9, 11, 12]. In addition, sleep 
is increasingly fragmented in older adults, at times due to 
medications, diseases and conditions (e.g., restless leg syn-
drome), bladder issues, or prolonged periods of grief [7, 
9, 13]. These, combined with a rise in a suboptimal sleep 
hygiene environment, including the widespread use of arti-
ficial lighting, caffeine, and computer/smartphone or televi-
sion screens, contribute to sleep deprivation [5, 7, 14].
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Fewer studies have focused on physiological and envi-
ronmental reasons for longer sleep patterns [1, 3]. Some 
research has attributed oversleeping to certain conditions, 
such as depression or stroke, and less physical activity, 
which are often seen in older populations [1, 3, 15, 16]. 
Protracted melatonin levels with delayed morning declines, 
longer periods of decreased body temperature, and greater 
concentrations of adenosine may also contribute to excessive 
sleep behaviors [7, 14, 15].

Among older adults, Native Hawaiian or Other Pacific 
Islander (NHOPI) elders endure a higher burden of chronic 
diseases (diabetes, heart disease, and cancer) and experience 
shorter life expectancy when evaluated against other racial/
ethnic groups [17–19]. NHOPIs who are 65 years and older 
represent a small percentage of the overall NHOPI popula-
tion, at 5.6% compared to 13% of the total US population 
[17]. In a recent epidemiological review, rates of cancer and 
early mortality were greater among NHOPIs than Asians 
and non-Hispanic Whites [17]. Furthermore, older NHOPIs 
live in poverty at a higher proportion than the general older 
adult population (12.6% vs 9.3%) and notably fewer own 
their home (16.5% vs 26.3%) [17]. These multidimensional 
factors have been found to contribute to health disparities [1, 
6, 17–19], and more recently to abnormal sleep patterns [1, 
6, 9, 19]. In fact, the Centers for Disease Control and Pre-
vention (CDC) issued a report listing adult NHOPIs as the 
second highest racial/ethnic group, after non-Hispanic multi-
racial, that sleep fewer than 7 h per night regularly [20].

Currently, there is a paucity of research examining the 
relationship between sleep and chronic diseases among older 
NHOPIs. Therefore, the primary purpose of this study, a first 
of its kind, was to determine whether older NHOPIs who 
report inadequate or excessive sleep durations have higher 
odds of reporting a specific chronic disease. This lack of 
research on older NHOPIs is partly due to the practice of 
aggregating NHOPIs and Asians into one racial/ethnic cat-
egory [21, 22]. As a result, any unique factors that can elu-
cidate health disparities and inequities particular to older 
NHOPIs are masked by a generally healthier Asian popula-
tion, hindering the ability of health professionals to improve 
health outcomes for NHOPIs [21–24]. Accordingly, varia-
tions between older NHOPIs and Asians are noted.

Methods

Participants and Design

Data from the 2016 Behavioral Risk Factor Surveillance 
System (BRFSS) [25] was employed for this study. The 
BRFSS uses an automated digit-dialing telephone approach 
to collect self-reported information on health-related behav-
iors and risk factors, chronic conditions, service utilization, 

and demographics on individuals throughout the 50 states 
plus District of Columbia, Puerto Rico, Guam, and US 
Virgin Islands. Participants are chosen randomly and must 
be 18 years and older, noninstitutionalized, and accessible 
through a landline or nonbusiness cellular/mobile phone. 
In 2016, the median survey response rate was 47.1% and 
ranged from 30.7 to 65.0%, resulting in a total sample of 
486,303 respondents. Sleep data is collected biennially, dur-
ing even years only. Further details, including the question-
naire, codebook, and weighting methods, on the BRFSS can 
be found at https:// www. cdc. gov/ brfss/ annual_ data/ annual_ 
2016. html; additional information on the response rate can 
be found in the BRFSS 2016 Summary Data Quality Report 
[26].

The sample focused on NHOPI adults 50  years and 
older, narrowing the total sample to 1277 participants. 
We chose the age threshold of 50 years of age because, as 
noted above, adults 65 years and older comprise a relatively 
small segment of the general NHOPI population. Addition-
ally, median age of the NHOPI population was estimated at 
10 years lower than the general US population in 2010 [17]. 
For comparison, Asians 50 years and older were included in 
the study (N = 4655).

Measures

Sleep duration, the independent variable, was based on the 
self-reported BRFSS item: “On average, how many hours 
of sleep do you get in a 24-h period?” with responses being 
recorded in full hour increments. Sleep duration was then 
categorized into three groups: short sleep (SS; ≤ 6 h of 
sleep), healthy sleep (HS; 7–8 h of sleep), and long sleep 
(LS; ≥ 9 h of sleep). These categories are consistent with 
the National Sleep Foundation recommended sleep duration 
for older adults as well as other published studies [1, 5, 27].

Individual chronic diseases, the outcome variables, 
experienced by participants were determined by a “yes” or 
“no” response to being told by a “doctor, nurse, or other 
health professional” that they had a heart attack or myo-
cardial infarction, coronary heart disease, stroke, chronic 
obstructive pulmonary disease (COPD), or depressive dis-
order (includes dysthymia and minor to major depression). 
Regarding diabetes, the BRFSS provides four classifications 
to the question “(Ever told) you have diabetes”: “(1) yes; 
(2) yes, but female told only during pregnancy; (3) no; (4) 
no, pre-diabetes or borderline diabetes.” For purposes of 
this paper, we dichotomized diabetes and pre-diabetes into 
yes/no. Participants with diabetes (N = 32) were excluded 
from the pre-diabetes category, and respondents who only 
reported gestational diabetes were categorized as not having 
diabetes or pre-diabetes, since our sample consisted only of 
older adults.
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Based on the previous research in this area, covariates 
consisted of demographic-related variables (gender, age 
group, and education) and health behaviors (cigarette smok-
ing, alcohol use, and physical inactivity). We employed the 
BRFSS calculated 14-level, 5-year age variable, and the 
four-level educational variable. For health behaviors, items 
were dichotomized into yes or no. The following items were 
used to determine current cigarette smoking: “Have you 
smoked at least 100 cigarettes in your entire life?” and “Do 
you smoke cigarettes every day, some days, or not at all?” 
Former smokers were grouped with nonsmokers. We utilized 
this question from the BRFSS on alcohol use: “During the 
past 30 days, how many days per week or per month did you 
have at least one drink of any alcoholic beverage such as 
beer, wine, a malt beverage or liquor?” Respondents with at 
least one reported alcoholic drink were recoded into the yes 
category. Physical inactivity was measured by participants’ 
yes/no responses to “During the past month, other than your 
regular job, did you participate in any physical activities or 
exercises such as running, calisthenics, golf, gardening, or 
walking for exercise?”.

Statistical Analysis

All analyses were conducted using SAS version 9.4 [28] and 
complex survey sampling weights were applied. Selected 
demographics were examined. Rao-Scott chi square tests 
were used to evaluate participant characteristic differences 
between NHOPI and Asian older adult populations. A series 
of survey logistic regressions were employed to analyze the 
relationship between sleep duration (i.e., short, healthy, and 
long) and each chronic disease, with healthy sleep as the 
reference group. Step 0 represents the unadjusted model. 
In step 1, the partially adjusted model included the covari-
ates: gender, age group, and education. For the final, fully 
adjusted model, the health behavior covariates of cigarette 
smoking, alcohol use, and physical inactivity were added. 
For each logistic regression, the DOMAIN feature was used 
to analyze older NHOPIs and Asians separately. Specific to 
the depressive disorder category, odds ratios for NHOPIs 
and Asians were further analyzed to detect significant dif-
ferences between the two racial groups using the LSMEANS 
statement with DIFF and SLICEBY options [29]. Multi-
collinearity was assessed, with tolerance for all variables 
exceeding standard thresholds. Results were deemed sig-
nificant at p ≤ 0.05.

Results

Table  1 presents demographic characteristics for both 
NHOPI and Asian groups. Based on weighted figures, 
NHOPIs reported less household income, lower educational 

achievement, and fewer owned their home, compared to 
Asians. NHOPIs were more likely to be 50–64 years (71.5%) 
compared to Asians (61.9%); Asians tended to be 65 years 
or older (38.1%) compared to NHOPIs (28.5%).

Table 2 compares participant self-reported sleep dura-
tion and health characteristics. NHOPIs and Asians were 
similar on sleep duration, alcohol consumption, and physical 
inactivity. On the other hand, NHOPIs reported higher rates 
of current smoking (17.82%) when contrasted with Asians 
(5.36%) and higher rates of obesity (33.68% vs 11.73%). 
In addition, NHOPIs reported overall poorer health status 
with a mean of 3.01 (SE = 0.08; scale with 1 = excellent 
and 5 = poor) in contrast to Asians with a mean of 2.67 
(SE = 0.04).

Table 3 provides significant and non-significant results 
from the logistic regressions of sleep duration and selected 
chronic diseases. After adjusting for all covariates in the final 
model, older NHOPI SSs had 3.19 greater odds of report-
ing a stroke and 2.22 greater odds of having pre-diabetes. 
Likewise, LSs were found to have higher odds of reporting a 
stroke (OR 9.52, 95% CI: 2.99–30.34). Conversely, coronary 
heart disease, heart attack/myocardial infarction, diabetes, 
COPD, and depressive disorder were non-significant in the 
fully adjusted model for both SSs and LSs. Similarly, LS was 
not significantly associated with pre-diabetes.

For comparison, unlike older NHOPIs, older Asian SSs 
and LSs had greater odds of having a depressive disor-
der after accounting for all covariates (OR 2.40, 95% CI: 
1.20–4.79 and OR 5.03, 95% CI: 1.57–16.13, respectively). 
Where older NHOPI and Asian SSs reported significant 
associations with depression in the partially adjusted model 
(i.e., adjustment for demographic characteristics only), 
the odds ratios were not significantly different between 
the two racial groups. As illustrated in Table 3, no other 
chronic disease was related to SS or LS among older Asians, 
which underscores the need to disaggregate data from a 
larger Asian population to fully understand NHOPI health 
disparities.

Discussion

The aim of this paper was to investigate the association 
between extreme sleep patterns and certain chronic condi-
tions among older NHOPIs. The findings from this analysis 
of the 2016 BRFSS indicate that excessive or inadequate 
sleep patterns were related to stroke, pre-diabetes, COPD, 
depressive disorder, and, to a lesser degree, coronary heart 
disease. After eliminating the effects of certain demographic 
conditions (i.e., gender, age group, and education) and health 
behaviors (i.e., cigarette smoking, alcohol use, and physical 
inactivity), SS and LS were associated with stroke, and a 
link between SS and pre-diabetes emerged. Comparisons 
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with older Asians were also made. Notably, depressive dis-
order was the only chronic condition significantly associated 
with SS and LS among both older NHOPIs and Asians in 
the unadjusted model. However, once all covariates were 
accounted for in the final model, SS and LS were not related 
to depression among older NHOPIs, while SS and LS among 
older Asians remained linked to a depressive disorder.

Stroke

Consistent with other studies [8, 10, 30, 31], SSs and LSs 
had significantly higher odds of having a stroke compared 
to healthy sleepers, suggesting a U-shaped curve. Moreo-
ver, our research indicated that LSs had greater odds of 
reporting a stroke compared with SSs. In separate system-
atic reviews, SS and LS were associated with increased 
relative risk for experiencing or dying from a stroke [8, 
30]. Additionally, a CDC study, using data from 14 states 

within the BRFSS, found that SS and LS were significantly 
related to having a stroke among adults 45 years and older 
[32].

Biological mechanisms can provide explanations into 
the consistency of these findings. SS is associated with 
elevated blood pressure [7, 30, 33] and inflammation [8, 
30, 34], increased heart rate [30], and greater cortisol levels 
[7, 8, 33], all of which are known risk factors for stroke. 
However, research is only beginning to delve into the rela-
tionship between LS and stroke. Similar to SS, one expla-
nation is chronic inflammation due to increased levels of 
proinflammatory biomarkers (e.g., IL-6, CRP, and fibrino-
gen) [30, 34]. In addition, sedentary lifestyles, prolonged 
stress due to racism, or the presence of co-morbidities are 
potential contributing factors [8, 17]. The underlying causes 
that link sleep duration specifically with stroke and not the 
other cardiovascular diseases are beyond the scope of this 
study. Future research should explore key mechanisms for 

Table 1  Selected characteristics of participants 50 years and older

* p < 0.05; **p < 0.01; ***p < 0.001. aUnweighted

NHOPI Asian

N = 1277 N = 4655
Na Weighted % SE % Na Weighted % SE %

Age
50–54 265 22.85 3.00 918 21.55 1.38
55–59 271 27.13 4.39 785 19.85 1.48
60–64 247 21.50 3.42 863 20.47 1.69
65–69 205 13.62 2.64 734 14.84 1.34
70–74 135 7.86 1.65 543 10.75 1.22
75–79 75 3.16 0.63 346 6.82 1.22
80 + 79 3.89 0.92 466 5.73 0.82

Gender
Female 731 47.14 4.13 2501 52.55 1.91
Male 546 52.86 4.13 2154 47.45 1.91

Education***
Non-high school graduate 131 26.20 4.82 224 7.38 1.06
High school graduate 479 26.38 2.87 842 19.16 1.77
Some college or technical school 370 27.61 3.35 955 20.86 1.74
College or technical school graduate 292 19.81 2.78 2612 52.61 1.96

Marital status
Married 681 65.67 3.55 3011 69.64 1.81
Divorced, widowed, separated 431 27.12 3.32 1185 23.45 1.67
Never married 127 5.80 1.13 388 5.59 0.95
Member of an unmarried couple 28 1.42 0.45 45 1.32 0.43

Annual household income*
 < $25,000 411 29.44 3.23 886 21.48 1.72
$25,000–$49,999 292 30.47 5.12 944 22.37 1.81
$50,000–$74,999 171 14.90 2.51 598 14.83 1.51
 ≥ $75,000 283 25.18 3.13 1552 41.32 2.04

Owns home** 795 64.04 4.22 3617 79.11 1.47
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this relationship found between extreme sleep patterns and 
strokes among older NHOPIs.

Pre‑Diabetes/Diabetes

Interestingly, the absence of a significant relationship 
between unhealthy sleep behaviors and diabetes found in 
our study is partly inconsistent with the previous research 
[19, 32, 35–38]. Sleep data frequently show a U-shaped 
relationship with diabetes, with both SS and LS linked to 
diabetes [32, 35–38]. However, a study of NHOPI adults 
found that only SS (defined as 5–6 h of sleep per night) was 
significantly related to diabetes after adjusting for covariates, 
though extremely short sleep (< 5 h/night) was not meaning-
fully associated with diabetes [19].

Less research has been conducted on extreme sleep pat-
terns and pre-diabetes. Based on our results, LSs had lower 
odds of pre-diabetes when accounting for gender, age group, 
and education, but not in the unadjusted model or after 

additional adjustments for health behaviors. On the other 
hand, SSs had two times greater odds of pre-diabetes, after 
taking into consideration alcohol consumption, cigarette 
smoking status, and physical inactivity in the final model. 
Engenda et al. [39] found a relationship between SS dura-
tion (≤ 5 h) and clinically diagnosed pre-diabetes but not 
undiagnosed pre-diabetes. The authors speculate the discrep-
ancy may be due to underlying co-morbidities, prompting 
the clinical diagnosis, or particular biological mechanisms 
inherent in the progression of diabetes [39]. Studies suggest 
two biological mechanisms: endocrine function and glucose 
metabolism are more adversely affected in SS than LS, pro-
ducing separate health outcomes [15, 35, 40, 41]. For that 
reason, older adults with habitual SS patterns may be prone 
to pre-diabetes earlier than longer sleepers [40, 41].

Older NHOPIs have a higher proportion of diabetes com-
pared to Euro-Americans [17, 18, 42] so there may be other 
contributing factors not accounted for in this study, such 
as sleep quality, historical trauma, and energy intake, that 

Table 2  Selected participant characteristics of sleep duration and health

* p < 0.05; **p < 0.01; ***p < 0.001. aUnweighted

NHOPI Asian

n = 1277 n = 4655
Na Weighted % SE % Na Weighted % SE %

Sleep duration
Short (≤ 6 h) 624 42.04 4.06 2092 42.33 1.92
Recommended (7–8 h) 546 52.95 4.11 2327 54.38 1.93
Long (≥ 9 h) 99 5.00 1.21 190 3.29 0.60

Health status**
Excellent 124 8.41 1.67 704 15.69 1.23
Very good 262 24.21 3.23 1299 28.40 1.73
Good 496 31.19 3.49 1833 36.07 1.84
Fair 293 29.91 4.53 599 13.32 1.45
Poor 99 6.27 1.47 209 6.53 1.08

Current smoker** 217 17.82 3.93 341 5.36 0.67
Alcohol use 453 47.37 4.24 1551 37.83 1.98
Physical inactivity 357 23.96 3.02 1083 22.44 1.64
BMI (kg/m2)***

Underweight 19 0.47 0.15 130 2.66 0.74
Normal weight 266 30.27 4.38 2136 50.12 2.01
Overweight 442 35.58 3.87 1524 35.49 1.93
Obese 479 33.68 4.05 583 11.73 1.33

Chronic diseases
Coronary heart disease 121 10.51 3.17 248 5.30 0.77
Stroke 74 3.06 0.65 167 2.74 0.54
Heart attack/myocardial infarction 132 8.17 2.16 234 4.33 0.67
Diabetes* 352 30.75 3.93 935 22.30 1.67
Pre-diabetes 76 10.56 4.00 306 8.99 1.45
COPD 119 6.96 1.40 195 4.25 1.08
Depressive disorder 181 11.57 2.19 370 8.16 1.20
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would provide a better explanation [7, 18, 23, 37, 42]. Addi-
tionally, the reclassification of SS into two categories: 6 h 
and ≤ 5 h, comparable to some studies referenced above, may 
have generated different results [35, 39]. Future research 
should investigate any association between these factors and 
sleep behaviors among older NHOPIs.

Chronic Obstructive Pulmonary Disease (COPD)

SS had a modest effect on COPD [43] and was significant in 
step 1 (i.e., adjusted for gender, age group, and education), 
which is consistent with other, somewhat limited, research 
[44–46]. In a recent study, SS was linked to COPD compared 
to healthier sleep patterns (i.e., 7–8 h per night) among Chi-
nese older adults 60–79 years old living in the Jilin Province 

of China [46]. In other research, shorter sleep duration and 
less REM sleep were associated with patients over 40 years 
of age with mild-to-moderate COPD when compared to 
matched controls without COPD [47].

In our study, however, the relationship became non-signif-
icant after adjusting for unhealthy behaviors, probably due to 
the confounding effects of smoking on the predictor variable. 
Nicotine acts as a stimulant that promotes alertness, light 
sleep, and frequent sleep disruption, exacerbating sleep-
related problems already inherent in aging populations [9, 
19, 48]. Furthermore, nocturnal nicotine withdrawal appears 
to contribute to sleep fragmentation [48].

It is important to note that factors associated with COPD, 
for example chronic coughing or dyspnea, have also been 
found to result in disrupted, shorter sleep patterns, producing 

Table 3  Relationship between sleep and chronic disease (odds ratios), Behavioral Risk Factor Surveillance System, 2016

a Step 0: unadjusted model. bStep 1: adjusted for gender, age group, and education. cModel: adjusted for covariates in step 1 plus health behaviors 
(i.e., cigarette smoking, alcohol use, and physical inactivity). dCoronary heart disease includes angina. eChronic obstructive pulmonary disease 
(COPD) includes emphysema and chronic bronchitis. fDepressive disorder includes dysthymia and major depression. Bold significance is at p ≤ 
0.05

Native Hawaiian or Other Pacific Islander Asian

Step  0a

OR(95% CI)
Step  1b

OR(95%CI)
Modelc
OR(95%CI)

Step  0a

OR(95%CI)
Step  1b

OR(95%CI)
Modelc
OR(95%CI)

Coronary heart  diseased

  Short sleep (≤ 6 h) 0.33 (0.12–0.90) 0.33 (0.11–1.01) 0.74 (0.31–10.76) 0.94 (0.51–1.76) 1.00 (0.55–1.84) 1.10 (0.59–2.06)
  Healthy sleep (7–8 h) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
  Long sleep (≥ 9 h) 0.49 (0.14–1.73) 0.46 (0.11–1.84) 1.31 (0.42–4.06) 2.03 (0.41–10.11) 1.33 (0.48–3.65) 1.34 (0.49–3.67)

Stroke
  Short sleep (≤ 6 h) 2.76 (0.97–7.88) 3.31 (1.29–8.48) 3.19 (1.35–7.53) 0.74 (0.33–1.68) 0.80 (0.35–1.86) 0.89 (0.36–2.21)
  Healthy sleep (7–8 h) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
  Long sleep (≥ 9 h) 7.80 (1.96–30.98) 7.97 (2.41–26.43) 9.52 (2.99–30.34) 2.06 (0.45–9.41) 2.33 (.50–10.81) 2.43 (0.47–12.49)

Heart attack/myocardial infarction
  Short sleep (≤ 6 h) 0.94 (0.31–2.81) 1.43 (0.55–3.70) 1.55 (0.62–3.88) 0.89 (0.47–1.70) 0.91 (0.48–1.75) 0.81 (0.41–1.60)
  Healthy sleep (7–8 h) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
  Long sleep (≥ 9 h) 1.34 (0.36–5.01) 1.65 (0.48–5.65) 1.96 (0.65–5.95) 0.47 (0.16–1.45) 0.23 (0.04–1.49) 0.21 (0.03–1.57)

Diabetes
  Short sleep (≤ 6 h) 0.53 (0.27–1.05) 0.61 (0.31–1.21) 0.66 (0.34–1.27) 1.36 (0.92–2.02) 1.44 (0.96–2.16) 1.38 (0.89–2.13)
  Healthy sleep (7–8 h) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
  Long sleep (≥ 9 h) 0.47 (0.18–1.21) 0.54 (0.21–1.37) 0.80 (0.33–1.91) 1.60 (0.68–3.74) 1.50 (0.62–3.59) 1.67 (0.69–4.03)

Pre-diabetes
  Short sleep (≤ 6 h) 0.80 (0.16–4.11) 0.40 (0.11–1.49) 2.22 (1.07–4.59) 1.05 (0.52–2.13) 0.94 (0.46–1.91) 1.07 (0.52–2.20)
  Healthy sleep (7–8 h) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
  Long sleep (≥ 9 h) 0.17 (0.02–1.28) 0.12 (0.02–0.88) 0.75 (0.13–4.47) 1.35 (0.31–5.99) 1.65 (0.37–7.31) 2.25 (0.54–9.37)

COPDe

  Short sleep (≤ 6 h) 2.03 (0.82–5.02) 2.45 (1.05–5.74) 1.98 (0.97–4.04) 1.39 (0.47–4.15) 1.44 (0.58–3.60) 1.52 (0.63–3.69)
  Healthy sleep (7–8 h) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
  Long sleep (≥ 9 h) 1.16 (0.34–4.01) 1.07 (0.30–3.86) 0.82 (0.20–3.45) 0.96 (0.31–2.98) 0.90 (0.25–3.29) 0.77 (0.17–3.56)

Depressive  disorderf

  Short sleep (≤ 6 h) 2.86 (1.23–6.62) 2.47 (1.15–5.32) 2.03 (0.95–4.32) 2.76 (1.46–5.19) 2.66 (1.39–5.09) 2.40 (1.20–4.79)
  Healthy sleep (7–8 h) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
  Long sleep (≥ 9 h) 3.26 (1.05–10.11) 2.73 (0.68–11.05) 1.67 (0.43–6.43) 5.36 (2.16–13.29) 5.61 (1.91–16.42) 5.03 (1.57–16.13)
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a constant detrimental loop between SS and COPD that 
worsens the symptoms of COPD [45, 49]. Therefore, future 
studies should employ longitudinal data of older NHOPIs to 
determine whether SS predicts onset of COPD or SS is an 
outcome of COPD.

Depression

Research findings on sleep duration and depression are 
mixed [7, 15, 16, 50–54]. In our study of older NHOPIs, SSs 
and LSs had greater odds of reporting a depressive disorder 
in the unadjusted model but were not associated after adjust-
ing for all covariates, and the magnitude of the relationship 
decreased. In contrast, a combined cross-sectional and pro-
spective study of older adults 65 years or older residing in 
the northern Manhattan area of New York City found SS 
was significantly related to depression, defined by a score 
of 16 or more on the Center for Epidemiological Studies 
— Depression scale (CES-D) or antidepressant use [51]. 
Moreover, non-depressed SSs were more apt to be depressed 
after 5 years [51]. The link between SS, but not LS, and 
depression is supported by a larger study using data from the 
English Longitudinal Study of Ageing [50]. However, older 
SSs and LSs (58–100 years of age) in the Rotterdam Study 
reported significantly higher odds of having a depressive 
disorder, determined by their CES-D score and psychiatric 
interview, compared to the reference group [16]. SSs scored 
higher on the CES-D than LS, which the authors specu-
late is indicative of major depression [16]. Conversely, a 
meta-analysis found no connection between unhealthy sleep 
durations and depression among studies with a mean age of 
60 years or older [54].

Among older Asians, SS and LS were significantly asso-
ciated with depression. These findings are consistent with 
an epidemiological study of older adults in Korea, except in 
our sample excessive sleepers had higher odds of reporting a 
depressive disorder than older adults with SS duration [55]. 
Data from the China Health and Retirement Longitudinal 
Study (CHARLES 2011–2013) showed that SS was related 
to “incident” depression (defined as reporting depression 
only during wave two) among older adults 65 years and 
older, and to a lesser degree among adults 45–64 years of 
age [56]. Although, “persistent” depression (individuals with 
depression at both wave one and wave two) was significant 
only with adults 45–64 who reported less than 6 h of sleep 
per night [56].

Unlike Asians, our NHOPI analysis suggests sleep may not 
have a strong association with depressive disorders compared 
to other unhealthy behaviors, despite high prevalence rates 
of depressive disorders [57, 58] and, separately, SS duration 
[19, 26] within this population. Research on adult Asians and 
NHOPIs (mean age of 51.5 years) found depressive symp-
toms and current smoking were significantly related among 

NHOPIs but not Asians [57]. Studies have also observed the 
significance of physical activity in improving sleep and depres-
sion among older adults [59, 60].

Furthermore, the cause or severity of the depressive disor-
der were not measured within the BRFSS. NHOPIs experience 
chronic and acute stressors that foster depressive symptoms, 
for example the marginalization and historical trauma of colo-
nization that resulted in loss of land and basic rights across 
generations [17, 57, 61, 62]. Additionally, older NHOPIs suf-
fer from the lowest incomes compared to most Asian groups, 
as well as other racial/ethnic groups [17, 23, 42]. These dis-
tinctive psychosocial stressors, along with social norms, dic-
tate coping methods, culminating into a complex interaction 
between sleep duration and depression beyond the scope of 
this paper [61].

Strengths and Limitations

Strengths of our study include an investigation of extreme 
sleep patterns within an understudied population, utilization 
of a nationwide sample, and examination of a population that 
is often aggregated yet demonstrates unique health disparities. 
Concurrently, the study adds to the literature by addressing a 
crucial gap in our knowledge about older NHOPIs and pro-
viding further evidence for the need to disaggregate NHOPIs 
and Asians.

Despite these strengths, the study has limitations. First, 
cross-sectional research does not provide insights into cau-
sation. Therefore, it cannot be determined whether extreme 
sleep patterns trigger chronic disease or vice versa, so results 
should be interpreted with caution. Second, the BRFSS relies 
on self-report measures for sleep duration, which can be over-
stated by equating time in bed to time asleep. In addition, 
self-reported data on chronic disease was unsubstantiated by 
medical records or other methods by the individual states or 
the CDC. Third, low representation of LS can affect model 
outcomes by overestimating or underestimating results [63]. 
Fourth, the study did not analyze quality of sleep or take into 
consideration sleep disorders, such as sleep apnea, which can 
influence sleep duration.

It is important to also note that the inclusion of several 
covariates employed in the final model to distinguish the 
direct effect of sleep duration on chronic disease may explain 
the various non-significant results reported in this study. For 
those non-significant findings, certain health behaviors (e.g., 
sedentary lifestyle or tobacco use) may play a larger role than 
sleep patterns for NHOPIs.
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Conclusions

In conclusion, SS and LS were related to stroke, exhibit-
ing a u-shaped curve, among older NHOPIs. SS was also 
significantly associated with pre-diabetes but not diabe-
tes, and had a moderate effect on COPD when accounting 
for gender, age group, and education. Notably, there were 
variations between older NHOPIs and older Asians, which 
underscores the critical need to disaggregate Asian/Pacific 
Islander data.

Sleep is an emerging public health concern and unhealthy 
sleep patterns should be considered a risk factor consistent 
with smoking, alcohol consumption, and physical inactivity 
[1, 5, 6, 9, 36]. In support of this concept, our study sug-
gests that older NHOPIs with chronic SS or LS duration 
experience worse health compared to their HS counterparts. 
However, further research is needed to substantiate a clear 
link between sleep behaviors and chronic disease among 
older, diverse populations, particularly the use of longitu-
dinal studies or the inclusion of objective measures (e.g., 
polysomnography). Even so, public health professionals and 
clinicians should consider initiatives to identify and address 
harmful sleep patterns.
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