
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Liu et al. BMC Psychiatry          (2024) 24:482 
https://doi.org/10.1186/s12888-024-05931-9

BMC Psychiatry

†Chunhua Liu and Zegen Ye contributed equally to this work.

*Correspondence:
Weiwen Qiu
weiwenq@hotmail.com
Haiqin Ye
976711349@qq.com

Full list of author information is available at the end of the article

Abstract
Background Hypertension, sleep disorders, and depression represent notable public health issues, and their 
interconnected nature has long been acknowledged. The objective of this study is to explore the interplay between 
sleep disorders and depression in the context of hypertension.

Methods This cross-sectional study involved 42,143 participants aged 18 and above from the NHANES database 
across seven survey cycles between 2005 and 2018. After excluding those with missing data on depression, sleep 
disorders, and hypertension, as well as incomplete main variables, 33,383 participants remained. We used weighted 
logistic regression to examine the relationship between sleep disorders, depression, and hypertension. Additionally, 
we assessed the interaction between sleep disorders and depression on hypertension using both multiplicative and 
additive approaches to quantify their combined effect.

Results Compared to individuals without sleep disorders, those with sleep disorders have an increased risk of 
hypertension (OR = 1.51, 95% CI: 1.37–1.67). Furthermore, individuals with depression experience a significantly higher 
risk of hypertension compared to those with sleep disorders alone (OR = 2.34, 95% CI: 1.95–2.80). Our study reveals 
a positive interaction between sleep disorders and depression in relation to hypertension risk (OR = 1.07, 95% CI: 
1.02–1.13). In addition, we observed the quantitative additive interaction indicators (RERI = 0.73, 95% CI: 0.56 ~ 0.92; 
API = 0.31, 95% CI: 0.11 ~ 0.46; SI = 2.19, 95% CI: 1.08–3.46) influencing hypertension risk. Furthermore, our research also 
identified that individuals with less than 7 h of sleep, a sleep latency period between 5 and 30 min, or a latency period 
exceeding 30 min experience a significantly increased risk of hypertension.

Conclusions Our research uncovered separate links between sleep disorders, depression, and hypertension 
prevalence. Moreover, we identified an interaction between depression and sleep disorders in hypertension 
prevalence. Enhancing mental well-being and tackling sleep disorders could help prevent and manage hypertension. 
Yet, more investigation is required to establish causation and clarify mechanisms.

Interaction effects between sleep-related 
disorders and depression on hypertension 
among adults: a cross-sectional study
Chunhua Liu1†, Zegen Ye1†, Liping Chen1, Huaqiang Wang1, Binbin Wu1, Di Li1, Sisi Pan1, Weiwen Qiu1,3* and 
Haiqin Ye2,4*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-024-05931-9&domain=pdf&date_stamp=2024-6-28


Page 2 of 14Liu et al. BMC Psychiatry          (2024) 24:482 

Background
Hypertension, a prevalent risk factor for cardiovascular 
disease, affects more than 1.2 billion people worldwide. It 
has emerged as a grave and costly public health dilemma, 
garnering significant attention [1]. Meta-analyses have 
consistently revealed a substantial association between 
hypertension and an elevated risk of neurological dis-
eases such as Parkinson’s disease and stroke [2–4]. In 
addition, hypertension stands as a paramount predictor 
of mortality, exerting its influence as a global risk factor 
for death, disability, and years of life lost [5]. Further-
more, hypertension imposes a substantial economic bur-
den. Despite improvements in hypertension awareness 
and treatment, the control rate among the hyperten-
sive population remains low, plunging below 20–30% in 
several Western countries [6, 7]. Given the increasingly 
younger age of hypertension onset, it becomes imperative 
to prioritize managing the overall risk profile of patients 
afflicted with underlying hypertension rather than solely 
focusing on blood pressure (BP) measurement. There-
fore, it becomes crucial to delve into the potential risk 
factors of hypertension and establish efficacious preven-
tion and risk management strategies.

When examining the factors contributing to hyper-
tension, dietary habits (specifically, high sodium intake) 
and unhealthy lifestyles have consistently garnered atten-
tion. More recently, studies have uncovered a significant 
connection between sleep disorders and various chronic 
conditions, including cardiovascular disease [8], chronic 
kidney disease [9], and cognitive impairment [10]. Both 
insufficient and excessive sleep duration, as well as pro-
longed sleep onset latency, have been associated with 
an elevated risk of chronic ailments [11]. Sleep patterns 
influence blood pressure through alterations in auto-
nomic nervous system function and other physiological 
mechanisms. Unfavorable sleep conditions, such as sleep 
apnea, insomnia, and abnormal sleep duration, heighten 
the susceptibility to hypertension [12]. Nevertheless, fur-
ther research is required to investigate the relationship 
between sleep-related issues and blood pressure across 
different age and gender groups.

Depression, a mood disorder classified within the psy-
chiatric domain, imposes a significant global disease bur-
den [13]. Notably, studies have identified cardiovascular 
disease as the leading cause of mortality among individu-
als with mental illness [14, 15]. This may be attributed 
to the pronounced BP fluctuations in individuals with 
psychiatric disorders, leading to increased cardiovascu-
lar risk [16]. Research has demonstrated a higher inci-
dence of hypertension among patients with depression 
[17–19]. Furthermore, a systematic review has revealed 

a bidirectional relationship between sleep disorders and 
depression [20]. The interplay between depression and 
sleep disturbance augments the risk of stroke, and the 
risk of high blood pressure in people aged 60 years and 
above [21, 22]. Consequently, there may exist shared 
pathways between depression and sleep disturbances 
that exert a mutual influence on cardiovascular disease, 
thereby substantially increasing the risk of cardiovascular 
disease in people affected by both conditions. However, 
prior investigations have primarily focused on individuals 
aged 60 years and above, with limited studies encompass-
ing diverse adult age groups. In the context of mounting 
societal and economic pressures, the prevalence of sleep-
related disorders and depression is escalating higher 
among younger. Therefore, it remains imperative for cli-
nicians to elucidate the intricate relationship among sleep 
disorders, depression, and hypertension. Such insights 
will serve to enhance the management of hyperten-
sion by effectively addressing its underlying risk factors 
[23, 24]. In this study, we utilized data from the National 
Health and Nutrition Examination Survey (NHANES), 
conducted by the National Center for Health Statistics 
(NCHS) in the United States, to explore the interaction 
between sleep disorders, depression, and hypertension 
risk. We also examined the independent and bidirec-
tional associations between sleep disorder and depres-
sion. Furthermore, we performed a stratified analysis 
based on demographic factors such as age, sex, and body 
mass index to gain insight into potential variations within 
these associations.

Methods
Study design and population
The NHANES assesses the health and nutritional status 
of both adults and children in the United States. This 
research project employs questionnaires and physical 
examinations to target various population groups and 
health issues. Its findings help determine disease preva-
lence and risk factors, assess nutritional status, and 
understand the relationship between nutrition and health 
outcomes for disease prevention and health promotion. 
We conducted an analysis using data from the NHANES, 
an integral project of the National Center for Health Sta-
tistics under the Centers for Disease Control and Preven-
tion [25]. The data was collected through a meticulous 
multistage probabilistic design that encompassed geo-
graphically stratified areas and proportional representa-
tion of minority populations. The NHANES database is 
typically managed by expert investigators affiliated with 
the NCHS or associated organizations. Trained exten-
sively, these investigators oversee various survey phases, 
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including demographic and dietary data, questionnaire 
survey data, laboratory examination data, and health 
check data. Their expertise guarantees the precision 
and dependability of NHANES surveys. For our analy-
sis, we integrated seven consecutive NHANES survey 
cycles spanning from 2005 to 2018. Ethical approval was 
obtained from the National Center for Health Statistics 
Ethical Review Board, and all participants provided writ-
ten informed consent [26].

This study implemented a cross-sectional design to 
retrieve data from the NHANES database, specifically 
targeting 42,143 participants aged 18 years and above 
across the seven survey cycles between 2005 and 2018. 
Exclusion criteria were applied by the study design, 
which included the following: [1] age < 18 years; [2] miss-
ing depression questionnaire data; [3] missing hyperten-
sion data; [4] duplicate respondents; [5] missing sleep 
disorder data; [5] respondents with incomplete main 
covariates. The selection process, as visually shown in 
Fig. 1, resulted in the inclusion of 33,383 participants for 
our study.

Assessment of hypertension
The primary outcome variable in this study was the pres-
ence of hypertension among the participants. Hyperten-
sion was defined as previously described [27, 28]: [1] a 
mean systolic blood pressure ≥ 130 mmHg or a diastolic 
blood pressure ≥ 80 mmHg; [2] self-reported diagnosis 
of hypertension; [3] self-reported use of antihyperten-
sive medication. Any of the above three conditions was 
indicative of a diagnosis of hypertension [29]. However, 
due to substantial data gaps in the other two methods, we 

chose questionnaire surveys as the hypertension diagnos-
tic method. Hence, self-reporting was employed in this 
study to assess hypertension. Participants were asked a 
specific question, to which they responded affirmatively: 
“Have you ever received a diagnosis of high blood pressure 
from a physician or other healthcare professional?” While 
this question does not serve as a conclusive diagnosis 
of hypertension, it has been employed in epidemiologi-
cal studies and has demonstrated utility in screening for 
hypertension [30].

Assessment of sleep-related disorders
We evaluated several sleep-related issues, including sleep 
duration, sleep onset latency, sleep disorders, and sleep 
difficulties. These outcomes were defined based on the 
NHANES sleep questionnaire [31–33]: sleep duration 
was categorized as relatively insufficient (< 7  h/night), 
normal (7–8 h/night), or relatively excessive (> 8 h/night). 
Sleep onset latency was classified into short (< 5  min/
night), normal (5–30  min/night), or long (> 30  min/
night). Regarding sleep disorders, participants were iden-
tified as experiencing a sleep disorder or having difficulty 
sleeping if they responded affirmatively to the question, 
“Have you ever reported to a physician or other healthcare 
professional that you encounter challenges with sleep or 
have a diagnosed sleep disorder?“.

Assessment of depression
In the NHANES database, the assessment of depressive 
symptoms was conducted employing the PHQ-9 screen-
ing tool, which is encompassed in the diagnostic criteria 
for depression outlined in the Diagnostic and Statistical 

Fig. 1 The screening process of participants in this study
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Manual of Mental Disorders (DSM-IV). This screening 
tool has established its reliability and efficacy for both 
clinical and research purposes [34]. The questionnaire 
consists of nine questions, with each item rated on a 
scale from 0 to 3, yielding a total score ranging from 0 
to 27. Rating options include 0 (no symptoms present), 
1 (symptoms occurring over a few days), 2 (symptoms 
present more than half the time), and 3 (symptoms pres-
ent almost daily). These questions were administered by 
trained interviewers at the Mobile Examination Center 
(MEC), a mobile medical facility utilized in the NHANES 
study for conducting on-site examinations and data col-
lection. The PHQ-9 primarily captures the frequency of 
self-reported depressive symptoms experienced within 
the preceding two-week period [35]. Following DSM-IV, 
a PHQ-9 score of ≥ 10 was deemed indicative of a depres-
sive symptom [36]. The severity of depression was further 
categorized as follows: absence of depression (PHQ-9 
score: 0–9), moderate depression (PHQ-9 score: 10–14), 
moderate to severe depression (PHQ-9 score: 15–19), 
and severe depression (PHQ-9 score: 20–27) [37].

Data collection
Demographic information was collected through ques-
tionnaires, encompassing variables such as age (catego-
rized into 18–44 years, 45–64 years, and 65 years and 
older), sex, race (including non-Hispanic white, non-
Hispanic black, Hispanic, etc.), educational attainment 
(college or lower), and the ratio of family income to pov-
erty (classified as below 1.33, 1.33–3.50, and above 3.5), 
representing the proportion of household income rela-
tive to the federal poverty line, adjusted for family size. 
Additional covariates comprised smoking status (defined 
as non-smoker [less than 100 cigarettes in a lifetime], for-
mer smoker [more than 100 cigarettes in one’s lifetime, 
now not smoking at all], current smoker [more than 
100 cigarettes in a lifetime, now smoking sometimes or 
daily]), and drinking status (categorized as non-drinker, 
1–5 drinks/month, 5–10 drinks/month, and 10 + drinks/
month) [38], body mass index (low weight [< 18.5 kg/m2], 
normal weight [18.5–25  kg/m2], overweight [25–30  kg/
m2], obesity [≥ 30  kg/m2]), and diabetes data. The diag-
nostic criteria for diabetes in this study included: [1] phy-
sician-diagnosed diabetes; [2] glycosylated hemoglobin 
(HbA1c) level exceeding 6.5%; [3] fasting blood glucose 
(FBG) level of ≥ 7.0 mmol/l. Blood samples for HbA1c 
measurement and FBG analysis were collected by trained 
medical personnel according to standardized procedures 
during the NHANES survey. Subsequent laboratory 
analysis of blood samples was conducted by qualified 
technicians to determine the HbA1c and FBG levels. The 
presence of any of these three conditions signified a dia-
betes diagnosis.

Key study variables encompassed hypertension, sleep 
disorder, depression, and sleep-related problems (sleep 
duration: 7–8  h/night, < 7  h/night, > 8  h/night; sleep 
onset time: <5 min, 5–30 min, > 30 min). All participants 
were divided into two groups: those with hypertension 
(n = 11,760) and those without hypertension (n = 21,623).

Statistical analysis
Statistical analysis in this study incorporated the complex 
sampling design of the NHANES database by applying 
weighted analysis using interview weights (WTMEC2YR) 
and sampling weights for study design variables (SDM-
VPSU and SDMVSTRA). Continuous variables were 
expressed as mean ± standard deviation (SD) and com-
pared using Student’s t-test between groups. Categorical 
data were presented as counts and percentages [n (%)] 
and analyzed using the Rao-Scott chi-square test. Statisti-
cal software packages utilized for analysis included SPSS 
(version 23.0) and R (version 4.1.3). Multivariate logistic 
regression analysis was used to examine the relationship 
between sleep disorder, depression, and their interac-
tion with hypertension. Model 1 was unadjusted (crude). 
Model 2 adjusted for sex, age, race, education level, and 
the ratio of family income to poverty. Model 3 added fur-
ther adjustments for BMI, drinking status, smoking sta-
tus, and diabetes [39, 40]. In this study, all analyses were 
conducted using a two-sided approach, with statistical 
significance set at P < 0.05. We utilized several commonly 
used statistical packages, including ‘stats,’ ‘gtsummary,’ 
‘glm,’ and ‘survey.’ Additionally, we employed the ‘inter-
actionR’ tool to explore relevant indicators of additive 
interactions. It’s worth noting that we customized these R 
software packages to meet the specific needs of our study, 
allowing us to compute additional metrics and results.

Initially, we investigate whether there is a multiplica-
tive interaction between sleep disorders and depression 
concerning hypertension risk by examining their prod-
uct. This evaluation aims to determine the nature of this 
interaction, whether it is positive or negative. To fur-
ther quantify their interaction in terms of hypertension 
risk, we utilize the relative excess risk due to interaction 
(RERI), the attributable proportion (AP), and the synergy 
index (SI). It’s noteworthy that when the 95% confidence 
interval (CI) for RERI or AP excludes 0, or the 95% CI 
for SI excludes 1, larger absolute values of these statistics 
indicate a higher degree of interaction [41]. RERI quanti-
fies the excess risk attributed to the interaction between 
sleep disorders and depression. AP indicates the pro-
portion of the combined risk attributable to this inter-
action. SI represents the increase in risk resulting from 
the combined impact of both factors. An SI value greater 
than 1 indicates a significant synergistic effect, where the 
combined impact exceeds the sum of individual effects. 
Conversely, an SI equal to or less than 1 suggests that the 
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joint effect does not amplify the risk as much as the indi-
vidual effects combined.

Results
The characteristics of all participants
In this study, we utilized data from seven NHANES data-
set periods, namely 2005–2006, 2007–2008, 2009–2010, 
2011–2012, 2013–2014, 2015–2016, and 2017–2018. 
According to the study’s inclusion and exclusion crite-
ria, a total of 33,383 participants aged 18 years and above 
were finally included in this analysis. The surveyed popu-
lation encompassed individuals between the ages of 18 
and 85 years. Among them, 14,550 (68%) participants 
were non-Hispanic whites, and 17,338 (52%) partici-
pants were women. Baseline characteristics were com-
pared based on the presence or absence of hypertension, 
and the specific results are shown in Table  1. The aver-
age age of hypertensive patients was 57 ± 15 years, with 
6,216 (53%) being males and 5,345 (70%) being non-His-
panic whites. Additionally, individuals with hyperten-
sion displayed variations in depression, sleep duration, 
sleep onset latency, and symptoms of sleep disorder or 
difficulty compared to those without hypertension. Age, 
sex, race, education level, ratio of family income to pov-
erty, smoking status, drinking status, diabetes, BMI, and 
waist circumference also exhibited significant differences 
between the hypertension and non-hypertension groups 
(all P < 0.05).

Among the participants, 11,584 (36%) reported a 
nightly sleep duration of less than seven hours, whereas 
only 2,529 (7.5%) participants reported a sleep duration 
exceeding eight hours. Moreover, a total of 1,215 (11%) 
participants indicated a rapid sleep onset, falling asleep 
within just five minutes or less. In contrast, 2,396 (18%) 
participants reported a prolonged sleep onset period, 
requiring more than 30  min to drift into slumber. Fur-
thermore, 10,631 (35%) individuals reported experienc-
ing sleep disorders or encountering difficulties in their 
sleep patterns. Additionally, a total of 2,875 (8%) par-
ticipants reported depression, among whom 2,562 had 
moderate to severe depression, while 313 had severe 
depression.

Comparisons of the characteristics between patients with 
and without hypertension
The median age of hypertensive patients is 58 years, sig-
nificantly higher than that of non-hypertensive individu-
als (P < 0.001). Additionally, in the hypertension group, 
the proportion of individuals aged 65 and above is signifi-
cantly higher compared to the non-hypertension group 
(42% vs. 13%, P < 0.001). Similarly, patients with hyper-
tension had a median BMI of 30 kg/m², which was higher 
than the median BMI of 27  kg/m² observed in non-
hypertensive patients (P < 0.001). Additionally, there are 

notable disparities in the distribution of BMI categories 
between the hypertensive and non-hypertensive groups. 
Specifically, in the hypertensive group, the propor-
tion of individuals with a BMI of 30 or higher is signifi-
cantly greater compared to the non-hypertensive group 
(50% vs. 30%, P < 0.001). Among hypertensive patients, 
the proportion of women was 53%, slightly higher than 
51% of non-hypertensive patients (P = 0.03). The family 
poverty index of hypertensive patients was significantly 
lower than that of non-hypertensive patients (median 
2.71 vs. 3.01, P = 0.03). Moreover, in the hypertension 
group, the proportion of individuals with a household 
income-to-poverty ratio exceeding 3.5 is lower compared 
to the non-hypertension group (28% vs. 31%, P < 0.001). 
The prevalence of smoking history among hypertensive 
patients reached 50%, significantly surpassing the 40% 
found in non-hypertensive patients (P < 0.001). Moreover, 
the proportion of hypertensive patients in individuals 
with diabetes was higher compared to non-hypertensive 
patients (31% vs. 8%, P < 0.001). Meanwhile, the preva-
lence of sleep disorders among hypertensive patients was 
46%, significantly higher than the 25% reported among 
non-hypertensive patients (P < 0.001). Furthermore, the 
proportion of individuals diagnosed with hypertension 
among patients with depression was 12%, significantly 
exceeding the 7% observed in patients without hyper-
tension (P < 0.001). However, the prevalence of alcohol 
consumption among individuals with hypertension was 
lower than that in the non-hypertensive population (68% 
vs. 73%, P < 0.001). Furthermore, in the hypertension 
group, the proportion of individuals with a higher edu-
cation level is lower compared to the non-hypertension 
group (71% vs. 76%, P < 0.001) (Table 1).

Associations of sleep disorders or depression with 
hypertension
Compared to individuals without sleep disorders, those 
with sleep disorders had a higher risk of hypertension in 
Model 1, after adjusting for age and sex (OR = 1.94, 95% 
CI: 1.77–2.11). This risk increased in Model 2 with addi-
tional adjustments for race, education level, and family 
income-to-poverty ratio (OR = 1.96, 95% CI: 1.79–2.15). 
In Model 3, which included comprehensive adjustments 
for various factors such as age, sex, race, education level, 
family income-to-poverty ratio, BMI, alcohol consump-
tion, smoking history, and diabetes, patients with sleep 
disorders still showed an elevated risk of hypertension 
(OR = 1.62, 95% CI: 1.48–1.77).

The study also examined the relationship between 
sleep duration and sleep onset latency with hypertension. 
In Model 3, individuals sleeping less than 7  h per night 
had a higher risk of hypertension compared to those 
with 7–8 h of sleep (OR = 1.21, 95% CI: 1.11–1.32), after 
adjusting for various factors. Additionally, participants 
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Group
Characteristic N1 Overall

N = 33,383 (100%)2
Hypertension 
N = 11,760 (32%)2

Non-hypertension 
N = 21,623 (68%)2

P Value3

Age (years), Median (Mean, SD) 33,383 46 [17, 42] 58 [15, 43] 40 [16, 44] < 0.001
Age group, n (%) 33,383 < 0.001
 18–44 years 15,109 (45%) 2,074 (18%) 13,035 (60%)
 45–64 years 10,563 (32%) 4,705 (40%) 5,858 (27%)
 >= 65 years 7,711 (23%) 4,981 (42%) 2,730 (13%)
Gender, n (%) 33,383 0.026
 Female 17,338 (52%) 6,216 (53%) 11,122 (51%)
 Male 16,045 (48%) 5,544 (47%) 10,501 (49%)
Race, n (%) 33,383 < 0.001
 Mexican American 5,297 (16%) 1,347 (11%) 3,950 (18%)
 Other Hispanic 3,034 (9%) 954 (8%) 2,080 (10%)
 Non-Hispanic White 14,550 (44%) 5,345 (45%) 9,205 (43%)
 Non-Hispanic Black 7,342 (22%) 3,241 (28%) 4,101 (19%)
 Other Races 3,160 (9%) 873 (8%) 2,287 (10%)
Education level, n (%) 31,471 < 0.001
 <=High school 8,201 (26%) 3,379 (29%) 4,822 (24%)
 > High school 23,226 (74%) 8,263 (71%) 14,963 (76%)
 Missing data 44 (< 0.1%) 20 (< 0.1%) 24 (< 0.1%)
Ratio of family income to poverty, Median (Mean, SD) 30,459 2.92 (2.96, 1.65) 2.74 (2.91, 1.62) 3.01 (2.99, 1.67) 0.031
Ratio of family income to poverty, n (%) 30,459 < 0.001
 < 1.33 10,379 (34%) 3,644 (34%) 6,735 (34%)
 1.33–3.5 11,047 (36%) 4,048 (38%) 6,999 (35%)
 > 3.5 9,033 (30%) 2,985 (28%) 6,048 (31%)
Body Mass Index, Median (Mean, SD) 31,722 28 [7, 29] 30 [7, 31] 27 [6, 28] < 0.001
Body Mass Index group1, n (%) 31,722 < 0.001
 Underweight (< 18.5) 601 (2%) 99 (< 0.1%) 502 (2%)
 Normal (18.5 to < 25) 9,087 (29%) 1,923 (17%) 7,164 (35%)
 Overweight (25 to < 30) 10,240 (32%) 3,486 (32%) 6,754 (33%)
 Obese (30 or greater) 11,794 (37%) 5,590 (50%) 6,204 (30%)
Body Mass Index group2, n (%) 31,722 < 0.001
 BMI < 30 19,928 (63%) 5,508 (50%) 14,420 (70%)
 BMI > = 30 11,794 (37%) 5,590 (50%) 6,204 (30%)
Waist circumference, Median (Mean, SD) 30,312 97 (99, 17) 105 (106, 16) 94 (95, 16) < 0.001
Smoking status, n (%) 33,383 < 0.001
 Current 6,787 (20%) 2,230 (19%) 4,557 (21%)
 Former 7,754 (23%) 3,677 (31%) 4,077 (19%)
 Never 18,842 (57%) 5,853 (50%) 12,989 (60%)
Alcohol consumption status, n (%) 26,669 < 0.001
 Non-drinker 7,744 (29%) 3,100 (32%) 4,644 (27%)
 1–5 drinks/month 13,100 (49%) 4,546 (47%) 8,554 (50%)
 5–10 drinks/month 2,080 (8%) 564 (6%) 1,516 (9%)
 10 + drinks/month 3,738 (14%) 1,373 (14%) 2,365 (14%)
 Missing data 7 (< 0.1%) 3 (< 0.1%) 4 (< 0.1%)
Diabetes, n (%) 33,383 5,370 (16%) 3,615 (31%) 1,755 (8%) < 0.001
Sleep onset latency time, Median (Mean, SD) 11,755 15 [20, 22] 15 [21, 24] 15 [19, 21] < 0.001
Sleep onset latency time, n (%) 11,755 < 0.001
 < 5 min 1,215 (10%) 348 (9%) 867 (11%)
 5–30 min 8,144 (69%) 2,501 (67%) 5,643 (70%)
 > 30 min 2,396 (21%) 886 (24%) 1,510 (19%)
Sleep duration, n (%) 30,205 < 0.001
 <7 h/night 11,584 (38%) 4,270 (42%) 7,314 (36%)

Table 1 General characteristics of included participants according to the presence or absence of hypertension in the NHANES 
2005–2018
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with a sleep onset latency of 5 to 30 min and those with 
a latency of more than 30 min had significantly increased 
risks of hypertension (OR = 1.47, 95% CI: 1.14–1.91) and 
(OR = 1.72, 95% CI: 1.33–2.24), respectively, compared 
to those with a latency of less than 5  min, after adjust-
ing for the same variables. In summary, Table 2 provides 
robust statistical evidence supporting a strong associa-
tion between sleep disorders, sleep duration, and sleep 
onset latency with the risk of hypertension.

Our investigation focused on the impact of depres-
sion on hypertension through the utilization of multiple 
models. In Model 1, wherein adjustments were made 
for age and sex, depression was associated with a higher 
risk of hypertension (OR = 2.14, 95% CI: 1.89–2.41). This 
increased risk of hypertension persisted in Model 2 
(OR = 1.98, 95% CI: 1.74–2.26) and Model 3 (OR = 1.61, 
95% CI: 1.39–1.87). Furthermore, our study delved into 

the connection between depression severity and hyper-
tension within the confines of Model 3. Following adjust-
ments for various factors, individuals experiencing 
moderate depression showcased an augmented risk of 
hypertension (OR = 1.57, 95% CI: 1.35–1.82), while those 
grappling with severe depression exhibited a significantly 
higher risk (OR = 1.99, 95% CI: 1.34–2.96). These find-
ings conclusively indicated a positive correlation between 
depression and hypertension, with increasing depres-
sion severity associated with a higher risk of developing 
hypertension (Table 2).

Interaction effects between sleep disorders and depression 
on hypertension
Initially, we assessed the multiple interactions between 
sleep disorders and depression on hypertension risk 
(Table 3). After incorporating sleep disorders, depression, 

Table 2 Association of sleep-related disorders and depression with hypertension
Variables Model 1

OR (95% CI)
p-value Model 2

OR (95% CI)
p-value Model 3

OR (95% CI)
p-value

Sleep duration
 <7 h/night 1.4(1.30–1.52) < 0.001 1.33(1.22–1.44) < 0.001 1.21(1.11–1.32) < 0.001
 7–8 h/night Ref Ref Ref
 >8 h/night 1.14(1.00–1.30) 0.045 1.1(0.96–1.27) 0.2 1.09(0.95–1.26) 0.2
Sleep-onset latency time
 < 5 min Ref Ref Ref
 5–30 min 1.28(1.09–1.51) 0.004 1.32(1.10–1.59) 0.005 1.47(1.14–1.91) 0.006
 > 30 min 1.75(1.47–2.09) < 0.001 1.68(1.38–2.04) < 0.001 1.72(1.33–2.24) < 0.001
Sleep disorder/trouble
 No sleep disorders
 Sleep disorders 1.94(1.77–2.11) < 0.001 1.96(1.79–2.15) < 0.001 1.62(1.48–1.77) < 0.001
Depression
 No depression Ref Ref Ref
 Moderate depression 2.07(1.83–2.34) < 0.001 1.94(1.69–2.22) < 0.001 1.57(1.35–1.82) < 0.001
 Severe depression 2.82(2.01–3.95) < 0.001 2.38(1.67–3.39) < 0.001 1.99(1.34–2.96) < 0.001
OR = Odds Ratio; CI = Confidence Interval; Model 1, adjustment for age and gender; Model 2, adjustment for age, gender, race, education, and ratio of family income 
to poverty; Model 3, adjustment for age, gender, race, education, the ratio of family income to poverty, BMI, alcohol consumption status, smoking status, and 
diabetes

Group
Characteristic N1 Overall

N = 33,383 (100%)2
Hypertension 
N = 11,760 (32%)2

Non-hypertension 
N = 21,623 (68%)2

P Value3

 7–8 h/night 16,092 (53%) 4,892 (48%) 11,200 (56%)
 >8 h/night 2,529 (9%) 946 (9%) 1,583 (8%)
Depression, n (%) 33,383 < 0.001
 No depression 30,508 (91%) 10,384 (88%) 20,124 (93%)
 Moderate depression 2,562 (8%) 1,199 (10%) 1,363 (6%)
 Severe depression 313 (1%) 177 (2%) 136 (1%)
Sleep disorders, n (%) 33,383 < 0.001
 No sleep disorders 22,752 (68%) 6,504 (54%) 16,248 (75%)
 Sleep disorders 10,631 (32%) 5,256 (46%) 5,375 (25%)
1 N not Missing (unweighted)

2 Median (IQR) for continuous; n (%) for categorical

3 Wilcoxon rank-sum test for complex survey samples; chi-squared test with Rao & Scott’s second-order correction

Table 1 (continued) 
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and their product into a multivariate logistic regression 
model, we observed a statistically significant contribu-
tion of the product of sleep disorders and depression to 
hypertension risk (OR = 1.07, 95% CI: 1.02–1.13, P < 0.05), 
indicating a potential positive synergistic effect between 
sleep disorders and depression.

To further quantify the degree of interaction related 
to hypertension risk, we employed measures of RERI, 
AP, and SI to assess the extent of this interaction. We 
categorized participants into four groups based on their 
sleep disorders and depression status: no depression, but 
presence of sleep disorders; depression without sleep 
disorders; depression with coexisting sleep disorders; 
neither depression nor sleep disorders. Patients with 
both depression and sleep disorders had an increased risk 
of hypertension, with an OR of 3.30 (95% CI: 2.82–3.88) 
in Model 1, which remained significant even after adjust-
ing for race, education level, and ratio of family income 
to poverty in Model 2 (OR = 3.11, 95% CI: 2.63–3.76) and 
in Model 3 (OR = 2.34, 95% CI: 1.95–2.80) (Table 4). The 
results in Table 4 indicate a significant synergy between 
sleep disorders and depression in relation to hyper-
tension in Model 3 (RERI = 0.73, 95% CI = 0.56–0.92; 
AP = 0.31, 95% CI = 0.11–0.46; SI = 2.19, 95% CI = 1.08–
3.46). In this context, the AP value of 0.31 in Model 3 
suggests that 31% of hypertension cases in the study 
sample can be attributed to the interaction between sleep 
disorders and depression. The SI value of 2.19 indicates 
a significant increase in hypertension risk due to the 
combined effect of these two factors. The RERI value of 
0.73 reveals an additional risk of 0.73 associated with the 

interaction between sleep disorders and depression in 
causing hypertension.

Subgroup analyses and sensitivity analyses
Subgroup analyses by age, BMI, and sex consistently dem-
onstrated statistically significant risk ratios for individu-
als with both sleep disorders and depression (P < 0.05) 
(Tables  5 and 6). In the subgroup analysis presented in 
Table 5, a multiplicative interaction effect between sleep 
disorders and depression on hypertension was observed, 
aligning with the overall analysis findings. Likewise, addi-
tional subgroup analysis for additive interaction (Table 6) 
affirmed this observation, signaling a notable increase in 
hypertension risk among those concurrently affected by 
sleep disorders and depression. These subgroup analysis 
results corroborate the overarching analysis outcomes, 
further fortifying the credibility of the study’s findings. 
The findings suggest a significant interaction among sleep 
disorders, depression, and hypertension.

Finally, we extensively examined sleep-related factors, 
including sleep duration and onset latency, among dif-
ferent demographic subgroups (Additional files 1 and 2). 
Among adults under 44 years, sleeping less than 7 h was 
significantly associated with a higher risk of hyperten-
sion compared to those who slept for 7 to 8 h (OR = 1.05, 
95% CI: 1.04–1.06). Interestingly, individuals aged 65 
years and older who slept for over eight hours also had 
a significantly increased risk of hypertension in com-
parison to those with 7 to 8  h of sleep (OR = 1.06, 95% 
CI: 1.01–1.12). Subgroup analyses consistently showed 
that individuals with a sleep onset latency over 30  min 
had a higher risk of hypertension compared to those 

Table 3 Multiplicative interaction between sleep disorders and depression with hypertension
Variables Model 1

OR (95% CI)
p-value Model 2

OR (95% CI)
p-value Model 3

OR (95% CI)
p-value

Sleep disorders 1.11(1.09–1.13) < 0.001 1.11(1.10–1.13) < 0.001 1.07(1.05–1.09) < 0.001
Depression 1.06(1.03–1.10) < 0.001 1.04(1.01–1.08) 0.048 1.01(0.97–1.05) 0.6
Depression * Sleep disorders 1.06(1.02–1.11) 0.007 1.07(1.02–1.12) 0.003 1.07(1.02–1.13) 0.005
OR = Odds Ratio; CI = Confidence Interval; Model 1, adjustment for age and gender; Model 2, adjustment for age, gender, race, education, and ratio of family income 
to poverty; Model 3, adjustment for age, gender, race, education, the ratio of family income to poverty, BMI, alcohol consumption status, smoking status, and 
diabetes

Table 4 Analysis of additive interaction between sleep disorders and depression with hypertension
Sleep disorders Depression Model 1

OR (95% CI)
p-value Model 2

OR (95% CI)
p-value Model 3

OR (95% CI)
p-value

No No Ref Ref Ref
Yes No 1.78(1.62–1.95) < 0.001 1.82(1.65–2.00) < 0.001 1.51(1.37–1.67) < 0.001
No Yes 1.45(1.19–1.76) < 0.001 1.28(1.04–1.58) 0.021 1.10(0.86–1.40) 0.4
Yes Yes 3.30(2.82–3.88) < 0.001 3.11(2.63–3.67) < 0.001 2.34(1.95–2.80) < 0.001
RERI (95%CI) 1.07(0.92–1.26) 1.01(0.86–1.21) 0.73(0.56–0.92)
API (95%CI) 0.32(0.13–0.47) 0.32(0.12–0.47) 0.31(0.11–0.46)
SI (95%CI) 1.87(0.78–2.82) 1.92(0.83–2.88) 2.19(1.08–3.46)
OR = Odds Ratio; CI = Confidence Interval; Model 1, adjustment for age and gender; Model 2, adjustment for age, gender, race, education, and ratio of family income 
to poverty; Model 3, adjustment for age, gender, race, education, the ratio of family income to poverty, BMI, alcohol consumption status, smoking status, and 
diabetes. RERI = relative excess risk of interaction; API = attribution proportion of interaction; SI = synergy index
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Table 5 Analysis of multiplicative interaction between sleep disorders and depression with hypertension in different demographic 
subgroups
Subgroup Depression * Sleep disorders OR (95% CI) 

 Model 1
p-value OR (95% CI) 

 Model 2
p-value OR (95% CI) 

 Model 3
p-value

Age 
subgroup

18–44 years 1.07(1.01–1.14) 0.031 1.05(1.01–1.13) 0.033 1.06(1.01–1.13) 0.041
45–64 years 1.02(1.00-1.16) 0.032 1.04(1.00-1.11) 0.041 1.05(1.00-1.09) 0.046
>= 65 years 1.14(1.01–1.28) 0.03 1.18(1.04–1.34) 0.013 1.15(1.01–1.32) 0.036

Gender
group

Female 1.06(1.00-1.12) 0.037 1.06(1.01–1.13) 0.033 1.06(1.00-1.12) 0.039
Male 1.08(1.00-1.16) 0.054 1.09(1.00-1.18) 0.048 1.09(1.00-1.18) 0.039

BMI
Group

BMI < 30 1.07(1.00-1.14) 0.047 1.07(1.01–1.15) 0.034 1.08(1.01–1.16) 0.029
BMI > = 30 1.05(1.01–1.12) 0.015 1.05(1.01–1.13) 0.021 1.07(1.00-1.14) 0.046

OR = Odds Ratio; CI = Confidence Interval; Model 1, non-adjustment; Model 2, adjustment for race, education, and the ratio of family income to poverty; Model 3, 
adjustment for race, education, the ratio of family income to poverty, alcohol consumption status, smoking status, and diabetes

Table 6 Analysis of additive interaction between sleep disorders and depression with hypertension in different demographic 
subgroups
Subgroup Sleep disorders Depression OR (95% CI) 

 Model 1
p-value OR (95% CI) 

 Model 2
p-value OR (95% CI) 

 Model 3
p-value

Age
subgroup

18–44 years No No — — —
Yes No 1.12(1.10–1.14) < 0.001 1.12(1.10–1.14) < 0.001 1.08(1.05–1.11) < 0.001
No Yes 1.04(1.00–1.08) 0.041 1.04(1.0–1.08) 0.084 1.01(0.97–1.06) 0.5
Yes Yes 1.25(1.19–1.32) < 0.001 1.23(1.16–1.29) < 0.001 1.16(1.10–1.22) < 0.001

45–64 years No No — — —
Yes No 1.15(1.11–1.19) < 0.001 1.15(1.11–1.20) < 0.001 1.10(1.06–1.14) < 0.001
No Yes 1.12(1.05–1.19) < 0.001 1.07(1.01–1.15) 0.034 1.04(0.97–1.12) 0.3
Yes Yes 1.31(1.24–1.39) < 0.001 1.28(1.21–1.37) < 0.001 1.19(1.12–1.27) < 0.001

>= 65 years
No No — — —
Yes No 1.06(1.03–1.10) < 0.001 1.07(1.04–1.11) < 0.001 1.05(1.01–1.09) 0.014
No Yes 0.99(0.90–1.08) 0.8 0.95(0.86–1.05) 0.3 0.93(0.84–1.03) 0.2
Yes Yes 1.2(1.12–1.28) < 0.001 1.2(1.12–1.29) < 0.001 1.13(1.05–1.21) 0.002

Gender
subgroup

Female
No No — — —
Yes No 1.09(1.07–1.11) < 0.001 1.10(1.07–1.12) < 0.001 1.07(1.05–1.09) < 0.001
No Yes 1.09(1.04–1.14) < 0.001 1.06(1.01–1.11) 0.026 1.02(0.97–1.07) 0.4
Yes Yes 1.26(1.21–1.30) < 0.001 1.23(1.19–1.28) < 0.001 1.16(1.12–1.20) < 0.001

Male
No No — — —
Yes No 1.13(1.10–1.16) < 0.001 1.13(1.10–1.16) < 0.001 1.08(1.05–1.11) 0.2
No Yes 1.02(0.97–1.08) 0.4 1.00(0.95–1.07) 0.9 1.00(0.94–1.06) > 0.9
Yes Yes 1.24(1.18–1.32) < 0.001 1.24(1.16–1.31) < 0.001 1.17(1.10–1.24) < 0.001

BMI
subgroup

BMI < 30
No No — — —
Yes No 1.06(1.04–1.08) < 0.001 1.07(1.05–1.08) < 0.001 1.05(1.03–1.07) < 0.001
No Yes 1.05(1.01–1.09) 0.015 1.04(1.00–1.08) 0.078 1.02(0.98–1.07) 0.3
Yes Yes 1.19(1.13–1.25) < 0.001 1.13(1.13–1.25) < 0.001 1.17(1.10–1.23) < 0.001

BMI > = 30
No No — — —
Yes No 1.14(1.11–1.17) < 0.001 1.14(1.11–1.17) < 0.001 1.12(1.09–1.15) < 0.001
No Yes 1.05(1.00–1.11) 0.061 1.04(0.99–1.10) 0.1 1.02(0.97–1.07) 0.5
Yes Yes 1.26(1.21–1.31) < 0.001 1.26(1.21–1.31) < 0.001 1.22(1.16–1.27) < 0.001

OR = Odds Ratio; CI = Confidence Interval; Model 1, non-adjustment; Model 2, adjustment for race, education, and ratio of family income to poverty; Model 3, 
adjustment for race, education, the ratio of family income to poverty, alcohol consumption status, smoking status, and diabetes
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with a latency of under 5  min (P < 0.05) (Additional file 
1). Additionally, an investigation into the relationship 
between depression severity and hypertension risk across 
subgroups revealed a consistent trend: individuals with 
depression had an increased risk of hypertension, and 
this risk increased with the severity of depression (Addi-
tional file 2).

Discussion
Our study, involving 33,383 participants, aimed to inves-
tigate the relationship between sleep disorders, depres-
sion, and the prevalence of hypertension. The results 
indicate a correlation between depression, sleep dis-
orders, and an increased prevalence of hypertension. 
Moreover, we identified a potential interaction between 
depression and sleep disorders in the development of 
hypertension. Additionally, subgroup analyses based on 
gender, age, and BMI consistently revealed an interaction 
between sleep disorders and depression in the prevalence 
of hypertension, underscoring the robustness of our 
findings. These results provide a foundation for further 
research into the association between depression, sleep 
disorders, and hypertension.

The typical diagnostic criteria for hypertension are a 
systolic blood pressure (SBP) exceeding 130mmHg and/
or a diastolic blood pressure (DBP) exceeding 80mmHg. 
It’s worth noting that this clinical standard may some-
times be influenced by the white coat effect, where anxi-
ety in a medical setting can elevate blood pressure. In our 
study, 11,760 individuals were diagnosed with hyperten-
sion out of the total population, indicating a prevalence 
of approximately 35%. Our findings are in line with recent 
trends in hypertension prevalence among U.S. adults, 
which have risen significantly from 33.53 to 40.58% over 
the past decade [44]. These results suggest that while self-
reported questionnaires were used for hypertension diag-
nosis in our study, the consistency between our observed 
hypertension prevalence and previous epidemiological 
survey results underscores the viability of using such 
questionnaires for hypertension diagnosis in our study. 
Additionally, around 8% of participants reported expe-
riencing depression, aligning with the pre-COVID-19 
prevalence of depression among U.S. adults as found in 
a study investigating depression rates and associated risk 
factors [45]. Furthermore, in this study, approximately 
35% reported experiencing sleep disorders or difficulties 
with their sleep patterns, consistent with findings from 
an assessment of sleep habits and sleep disorders among 
U.S. adults from 2017 to 2020 [46]. The above results 
indicate that the epidemiological data on hypertension, 
sleep disorders, and depression in this study are consis-
tent with previous research findings, demonstrating a 
high level of alignment with real-world situations. This 

underscores the reliability and applicability of our study 
results.

Globalization and rapid social and cultural changes 
have brought about significant alterations and new chal-
lenges, leading to substantial social and psychological 
pressures. In addition to inherent biological or genetic 
factors, factors such as job stress, financial limitations, 
stress from racial discrimination, depression, and anxiety 
can all play crucial roles in the development of cardiovas-
cular diseases [47]. Psychological stress has been linked 
to an augmented susceptibility to hypertension, with 
research elucidating an elevated hypertension risk among 
individuals afflicted with depression [17, 42, 48]. Our 
study found a strong connection between depression and 
a heightened risk of hypertension, which increased along-
side the severity of depression. These results support 
previous findings, reinforcing the notion that depres-
sion contributes to the likelihood of developing hyper-
tension [17]. Plausible explanations for this association 
may be traced to the dysfunction of the hypothalamic-
pituitary-adrenal (HPA) axis and heightened sympathetic 
activation observed in individuals manifesting depres-
sive symptoms [49]. The HPA axis, a pivotal regulatory 
mechanism governing stress response and stress coping, 
facilitates the production and release of adrenal cortex 
hormones using the corticotropin-releasing factor (CRF) 
and adrenocorticotropic hormone (ACTH), consequently 
engendering the occurrence of hypertension. Moreover, 
multiple reviews have substantiated that the sympathetic 
nervous system assumes a crucial role in the pathophysi-
ological response to stress-related hypertension [50].

Our study revealed an association between sleep dis-
orders and an augmented vulnerability to hypertension 
[51]. Sleep disorders are characterized by disruptions 
to normal sleep patterns, including sleep onset, mainte-
nance, or duration difficulties. Among these, difficulties 
with sleep onset and inadequate sleep duration are com-
monly observed issues and represent primary manifesta-
tions of sleep disorders. Insufficient or excessive sleep, 
prolonged sleep latency, sleep disorders, and difficul-
ties may be associated with hypertension. Our findings 
indicate a significant rise in hypertension risk among 
those experiencing sleep deprivation, aligning with prior 
research. Additionally, individuals with a sleep onset 
latency exceeding 5 min show an increased risk of hyper-
tension, consistent with a meta-analysis by Itani Osamu 
et al. [52]. Subgroup analysis, based on age, sex, and BMI, 
shows that sleeping less than 7 h raises hypertension risk 
among individuals aged 18–44 years. Conversely, those 
aged 65 and above with 8 or more hours of sleep face a 
heightened risk of hypertension. This underscores how 
both inadequate and excessive sleep increases high blood 
pressure risk across age groups, aligning with Guo et al.‘s 
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meta-analysis showing a positive association between 
excessive sleep duration and hypertension risk [53].

While a robust correlation between sleep duration and 
hypertension exists, causation remains elusive in existing 
studies. Epidemiological data presents inconsistent asso-
ciations between sleep duration and adverse health out-
comes across different age and sex groups. Most studies 
rely on self-reported data, potentially affected by misre-
porting, particularly among individuals with chronic ill-
nesses. Additionally, a prospective cohort study observed 
a higher incidence of hypertension among workers with 
a history of shift work [54, 55]. Changes in sleep patterns 
may disrupt the nocturnal blood pressure drop, leading 
to heightened sympathetic activity and hypertension. 
Subgroup analyses by sex revealed that sleep-deprived 
women had a higher hypertension risk, while men with 
insufficient or excessive sleep also faced increased risk. 
Results suggest that sleeping over 7 h may protect against 
hypertension in women but pose a risk for men. This 
study’s value lies in its ability to stratify the relationship 
between hypertension and sleep by sex, aligning with 
epidemiological findings showing a stronger association 
between sleep deprivation and hypertension in women 
[56, 57]. Subgroup analyses showed a weakening of the 
inverse relationship observed in the overall adult popula-
tion with age. Additionally, sleep-deprived women faced 
an elevated risk of developing high blood pressure across 
their lifespan.

Depression and sleep disorders often coexist with other 
physical or mental health issues rather than occurring 
alone. Declining sleep quality can lead to elevated blood 
pressure, weakened immunity, and psychological prob-
lems. Depression may also contribute to sleep difficulties 
and anxiety [43]. Our study found a strong link between 
depression and hypertension. It’s been widely observed 
that individuals with hypertension often have concur-
rent sleep disorders and depression [58, 59]. Depression 
can incite high blood pressure, while high blood pressure 
can exacerbate depressive symptoms. Presently, research 
unequivocally underscores a connection between high 
blood pressure and depression [60, 61]. The link between 
hypertension and depression may stem from shared 
physiological mechanisms risk factors, or both. How-
ever, the precise mechanisms remain unclear. Research 
on immune system inflammation may offer insights into 
a common underlying mechanism, alongside potential 
interconnected pathways. Emotional distress, such as 
anxiety and depression, can exacerbate blood pressure 
fluctuations in hypertensive patients, creating a harm-
ful cycle that disrupts blood pressure regulation. A study 
indicates that individuals with uncontrolled hyperten-
sion are significantly more susceptible to depression, 
highlighting the intricate interplay between these condi-
tions [58]. This may be attributed to depressed patients’ 

suboptimal adherence to medication, leading to inad-
equate blood pressure management.

This study revealed a synergistic interaction between 
depression and sleep disorders, significantly influencing 
hypertension development. Prior research has confirmed 
a robust correlation between sleep disorders and various 
mental and psychosomatic disorders [62, 63]. Prospective 
cohorts have demonstrated a close association between 
both isolated sleep disorders and sleep disorders accom-
panied by depression and the risk of hypertension [64]. 
Positive factors like well-being, emotional stability, and 
life satisfaction typically enhance sleep quality, while neg-
ative factors such as poor well-being, anxiety, depression, 
and anger can diminish sleep quality [65]. A discontented 
mood can easily lead to sleep disorders, which can signif-
icantly impact both physical and mental well-being. The 
combined influence of depression and sleep disorders 
outweighs that of either condition alone. Inflammation 
is a key factor in depression, sleep disorders, and cardio-
vascular disease, all sharing common mechanisms and 
risk factors. Thus, physicians should prioritize enhanc-
ing patients’ sleep quality and mental health, intervening 
actively in psychological disorders, particularly depres-
sive symptoms, alongside routine pharmacotherapy for 
hypertension.

Limitations
This study has several limitations. Firstly, being a cross-
sectional study, it only allows us to determine the asso-
ciation between depression or sleep disorders and 
hypertension, without establishing causality definitively. 
Secondly, the definitions of sleep disorders and hyper-
tension relied on self-reported data from NHANES par-
ticipants, possibly introducing bias into the analysis. 
Thirdly, subgroup analysis was limited to gender, race, 
and age, warranting further investigation into hyperten-
sion subgroups to understand the interaction effects of 
depression and sleep disorders on hypertension across 
diverse populations. Fourth, although we employed the 
method of multiple testing in data analysis, we must be 
cautious about its potential impact, such as the increased 
likelihood of discovering statistical significance, thus 
possibly leading to false positive results. In conclusion, 
our study only examined sleep disorders as a general 
category without distinguishing specific types like sleep 
apnea or insomnia, which may have varying associa-
tions with hypertension. Furthermore, the dataset lacked 
data on potential confounding factors such as medica-
tion usage or comorbidities, which might have impacted 
the observed associations. Hence, although our study 
offers valuable insights into the link between sleep dis-
orders and hypertension, further longitudinal research is 
required to understand the underlying mechanisms and 
causal relationships more thoroughly.
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Conclusions
Our study investigated the impact of depression and 
sleep disorders on the prevalence of hypertension, utiliz-
ing data from 33,383 NHANES participants. The results 
unmistakably indicate that both depression and sleep dis-
orders independently increase the prevalence of hyper-
tension. Furthermore, our analysis reveals an interaction 
between depression and sleep disorders regarding hyper-
tension prevalence, suggesting a synergistic effect. This 
underscores the significance of concurrent sleep disor-
ders and depression in the development of hypertension.

Abbreviations
NHANES  National Health and Nutritional Examination Survey
RERI  Relative excess risk due to interaction
API  Attributable proportion of interaction
SI  Synergy index
CRF  Cotropin-releasing factor
ACTH  Adrenocorticotropic hormone
BP  Blood pressure
PHQ-9  Patient Health Questionnaire
HPA  Hypothalamic-pituitary-adrenal-axis
NCHS  National Center for Health Statistics
CDC  Centers for Disease Control and Prevention
BMI  Body mass index
DSM-IV  Diagnostic and statistical manual of mental disorders
FBG  Fasting blood glucose
SD  Standard deviation
OR  Odds ratio
CI  Confidence interval
SBP  Systolic blood pressure
DBP  Diastolic blood pressure

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12888-024-05931-9.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Acknowledgements
We thank Professor Qiu and Ye for their criticism and guidelines and the 
participants included in our study for their contributions.

Author contributions
C.L. and W.Q. designed the study. C.L. wrote the manuscript. C.L., H.Y., L.C., and 
H.W., contributed to the acquisition of data. C.L., Z.Y., D.L., and S.P. analyzed the 
data. L.C., B.W., and S.P. interpreted the data. H.Y. and W.Q. reviewed and edited 
the manuscript. All authors read and approved the manuscript.

Funding
Not applicable.

Data availability
The datasets generated and/or analyzed during the current study are available 
in the NHANES repository, https://www.cdc.gov/nchs/nhanes/. The dataset 
supporting the conclusions of this article is included in Additional file 3.

Declarations

Ethics approval and consent to participate
This study used anonymous data from the National Health and Nutrition 
Examination Survey and complied with the ethical guidelines and regulations 
of the Declaration of Helsinki. The study was approved by the National Center 
for Health Statistics Ethics Review Board, and all participants provided written 
informed consent before the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Rehabilitation, Lishui Hospital of Traditional Chinese 
Medicine, Affiliated to Zhejiang University of Chinese Medicine, No. 800 
Zhongshan Street, Liandu District, Lishui City, Zhejiang Province, China
2Lishui Central Hospital, No. 289 Kuocang Road, Liandu District, Lishui 
City, Zhejiang Province, China
3Department of Neurology, Lishui Hospital of Traditional Chinese 
Medicine, Zhejiang University of Chinese Medicine, 800 Zhongshan 
Street, Lishui City, Zhejiang 323000, China
4Department of Clinical Training, Lishui Municipal Central Hospital, Lishui, 
Zhejiang Province 323000, China

Received: 4 July 2023 / Accepted: 25 June 2024

References
1. Rahimi K, Emdin CA, MacMahon S. The epidemiology of blood pressure and 

its worldwide management. Circul Res. 2015;116(6):925–36.
2. Chen J, Zhang C, Wu Y, Zhang D. Association between Hypertension and the 

risk of Parkinson’s Disease: a Meta-analysis of Analytical studies. Neuroepide-
miology. 2019;52(3–4):181–92.

3. Han H, Guo W, Shi W, Yu Y, Zhang Y, Ye X, et al. Hypertension and breast 
cancer risk: a systematic review and meta-analysis. Sci Rep. 2017;7:44877.

4. Katsi V, Papakonstantinou I, Solomou E, Antonopoulos AS, Vlachopoulos C, 
Tsioufis K. Management of hypertension and blood pressure dysregulation 
in patients with Parkinson’s Disease-a systematic review. Curr Hypertens Rep. 
2021;23(5):26.

5. Angeli F, Reboldi G, Trapasso M, Gentile G, Pinzagli MG, Aita A, et al. European 
and US guidelines for arterial hypertension: similarities and differences. Eur J 
Intern Med. 2019;63:3–8.

6. Guo F, He D, Zhang W, Walton RG. Trends in prevalence, awareness, manage-
ment, and control of hypertension among United States adults, 1999 to 2010. 
J Am Coll Cardiol. 2012;60(7):599–606.

7. Lazaridis AA, Sarafidis PA, Ruilope LM. Ambulatory blood pressure monitoring 
in the diagnosis, prognosis, and management of resistant hypertension: still a 
matter of our resistance? Curr Hypertens Rep. 2015;17(10):78.

8. Wang C, Hu J. Influence of the Interaction between depressive symptoms 
and Sleep disorders on Cardiovascular diseases occurrence. Int J Gen Med. 
2021;14:10327–35.

9. Huang CH, Cheng CS, Yen M. Factors associated with poor sleep quality in 
patients with pre-dialysis chronic kidney disease: a systematic review. J Adv 
Nurs. 2023;79(6):2043–57.

10. Pérez-Carbonell L, Iranzo A. Sleep-related changes prior to cognitive dysfunc-
tion. Curr Neurol Neurosci Rep. 2023;23(4):177–83.

11. Zhong X, Gou F, Jiao H, Zhao D, Teng J. Association between night 
sleep latency and hypertension: a cross-sectional study. Medicine. 
2022;101(42):e31250.

12. Scott H, Lechat B, Guyett A, Reynolds AC, Lovato N, Naik G, Sleep Irregularity 
Is Associated With Hypertension: Findings From Over 2 Million Nights With 
a Large Global Population Sample., Hypertension et al. Dallas, Tex: (1979). 
2023;80(5):1117-26.

13. Walker ER, McGee RE. Druss BGJJp. Mortality in mental disorders and 
global disease burden implications: a systematic review and meta-analysis. 
2015;72(4):334 – 41.

https://doi.org/10.1186/s12888-024-05931-9
https://doi.org/10.1186/s12888-024-05931-9
https://www.cdc.gov/nchs/nhanes/


Page 13 of 14Liu et al. BMC Psychiatry          (2024) 24:482 

14. Robson D, Gray RJI. Serious mental illness and physical health problems: a 
discussion paper. 2007;44(3):457 – 66.

15. De Hert M, Cohen D, Bobes J, Cetkovich-Bakmas M, Leucht S, Ndetei DM et 
al. Physical illness in patients with severe mental disorders. II. Barriers to care, 
monitoring and treatment guidelines, plus recommendations at the system 
and individual level. 2011;10(2):138.

16. Shahimi NH, Lim R, Mat S, Goh CH, Tan MP, Lim E. Association between men-
tal illness and blood pressure variability: a systematic review. Biomed Eng 
Online. 2022;21(1):19.

17. Fang J, Zhang Z, Greenlund KJ. Association of depressive symptoms and 
hypertension prevalence, awareness, treatment and control among USA 
adults. J Hypertens. 2022;40(9):1658–65.

18. Rosas C, Oliveira HC, Neri AL, Ceolim MF. Depressive symptoms, symptoms 
of insomnia and stressful events in hypertensive older adults: cross-sectional 
study. Enfermeria Clin (English Edition). 2022;32(3):195–202.

19. Chunnan L, Shaomei S, Wannian L. The association between sleep and 
depressive symptoms in US adults: data from the NHANES (2007–2014). 
Epidemiol Psychiatric Sci. 2022;31:e63.

20. Wang Y, Mei H, Jiang Y-R, Sun W-Q, Song Y-J, Liu S-J et al. Relationship 
between duration of sleep and hypertension in adults: a meta-analysis. 
2015;11(9):1047–56.

21. Cai Y, Chen M, Zhai W, Wang C. Interaction between trouble sleeping and 
depression on hypertension in the NHANES 2005–2018. BMC Public Health. 
2022;22(1):481.

22. Li J, Li L, Lv Y, Kang Y, Zhu M, Wang W. Effect of the Interaction between 
Depression and Sleep disorders on the Stroke occurrence: An Analysis 
Based on National Health and Nutritional Examination Survey. Behav Neurol. 
2021;2021:6333618.

23. Karimi R, Mallah N, Scherer R, Rodríguez-Cano R, Takkouche B. Sleep quality as 
a mediator of the relation between depression and chronic pain: a systematic 
review and meta-analysis. Br J Anaesth. 2023;130(6):747–62.

24. Maddox PA, Elahi A, Khuram H, Issani A, Hirani R. Sleep quality and 
physical activity in the management of depression and anxiety. Prev Med. 
2023;171:107514.

25. Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszon-Moran D, 
Dohrmann SM et al. National health and nutrition examination survey: 
analytic guidelines, 1999–2010. Vital and health statistics Series 2, Data evalu-
ation and methods research. 2013(161):1–24.

26. Fain JA. NHANES Diabetes Educ. 2017;43(2):151.
27. Bakris G, Ali W, Parati, GJJotACoC. ACC/AHA versus ESC/ESH on hypertension 

guidelines: JACC guideline comparison. 2019;73(23):3018–26.
28. Whelton PK, Carey RM, Aronow WS, Jr. Casey DE, Collins KJ, Dennison Him-

melfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA Guideline for the Prevention, detection, evaluation, and manage-
ment of high blood pressure in adults: executive summary: a report of the 
American College of Cardiology/American Heart Association Task Force on 
Clinical Practice guidelines. Circulation. 2018;138(17):e426–83.

29. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler 
J, et al. 2014 evidence-based guideline for the management of high blood 
pressure in adults: report from the panel members appointed to the Eighth 
Joint National Committee (JNC 8). JAMA. 2014;311(5):507–20.

30. Martin LM, Leff M, Calonge N, Garrett C, Nelson DE. Validation of self-reported 
chronic conditions and health services in a managed care population. Am J 
Prev Med. 2000;18(3):215–8.

31. Xi Y, Deng YQ, Chen SM, Kong YG, Xu Y, Li F et al. Allergy-related outcomes 
and sleep-related disorders in adults: a cross-sectional study based on 
NHANES 2005–2006. Allergy, asthma, and clinical immunology: official 
journal of the Canadian Society of Allergy and Clinical Immunology. 
2022;18(1):27.

32. Du W, Liu J, Zhou J, Ye D, OuYang Y, Deng Q. Obstructive sleep apnea, COPD, 
the overlap syndrome, and mortality: results from the 2005–2008 National 
Health and Nutrition Examination Survey. Int J Chronic Obstr Pulm Dis. 
2018;13:665–74.

33. Scinicariello F, Buser MC, Feroe AG, Attanasio R. Antimony and sleep-related 
disorders: NHANES 2005–2008. Environ Res. 2017;156:247–52.

34. Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version 
of PRIME-MD: the PHQ primary care study. Primary care evaluation of Mental 
disorders. Patient Health Questionnaire Jama. 1999;282(18):1737–44.

35. Levis B, Sun Y, He C, Wu Y, Krishnan A, Bhandari PM, et al. Accuracy of 
the PHQ-2 alone and in Combination with the PHQ-9 for screening to 
detect Major Depression: systematic review and Meta-analysis. JAMA. 
2020;323(22):2290–300.

36. Park LT, Zarate CA Jr. Depression in the primary care setting. N Engl J Med. 
2019;380(6):559–68.

37. Brinkmann B, Payne CF, Kohler I, Harling G, Davies J, Witham M, et al. Depres-
sive symptoms and cardiovascular disease: a population-based study of older 
adults in rural Burkina Faso. BMJ open. 2020;10(12):e038199.

38. Ni S, Zhong Z, Wei J, Zhou J, Cai L, Yang M, et al. Association between dietary 
intake of polyunsaturated fatty acid and prevalence of hypertension in U.S. 
adults: a cross-sectional study using data from NHANES 2009–2016. Hyper-
tens Research: Official J Japanese Soc Hypertens. 2022;45(3):516–26.

39. Zhang HZ, Wang YH, Ge YL, Wang SY, Sun JY, Chen LL, et al. Obesity, malnutri-
tion, and the prevalence and outcome of hypertension: evidence from the 
National Health and Nutrition Examination Survey. Front Cardiovasc Med. 
2023;10:1043491.

40. Su Y, Ding N, Zhou Y, Yang G, Chai X. The association between bedtime at 
night and hypertension in adults. Postgrad Med. 2023;135(4):370–8.

41. Zhan Y, Yang Z, Liu Y, Zhan F, Lin S. Interaction between rheumatoid arthritis 
and mediterranean diet on the risk of cardiovascular disease for the middle 
aged and elderly from National Health and Nutrition Examination Survey 
(NHANES). BMC Public Health. 2023;23(1):620.

42. Stein DJ, Aguilar-Gaxiola S, Alonso J, Bruffaerts R, De Jonge P, Liu Z, et al. 
Associations between Mental Disorders Subsequent Onset Hypertens. 
2014;36(2):142–9.

43. Li M, Zou X, Lu H, Li F, Xin Y, Zhang W, et al. Association of sleep apnea and 
depressive symptoms among US adults: a cross-sectional study. BMC Public 
Health. 2023;23(1):427.

44. Fan Z, Yang C, Zhang J, Huang Y, Yang Y, Zeng P, et al. Trends and influence 
factors in the prevalence, awareness, treatment, and control of hypertension 
among US adults from 1999 to 2018. PLoS ONE. 2023;18(9):e0292159.

45. Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S. Prevalence 
of depression symptoms in US adults before and during the COVID-19 pan-
demic. JAMA Netw open. 2020;3(9):e2019686.

46. Di H, Guo Y, Daghlas I, Wang L, Liu G, Pan A, Adults US, et al. JAMA Netw open. 
2022;5(11):2017–20.

47. Liu MY, Li N, Li WA, Khan H. Association between psychosocial stress 
and hypertension: a systematic review and meta-analysis. Neurol Res. 
2017;39(6):573–80.

48. Bacon SL, Campbell TS, Arsenault A, Lavoie KLJIJH. The impact of mood and 
anxiety disorders on incident hypertension at one year. 2014;2014.

49. Shi S, Liang J, Liu T, Yuan X, Ruan B, Sun L, et al. Depression increases 
sympathetic activity and exacerbates myocardial remodeling after 
myocardial infarction: evidence from an animal experiment. PLoS ONE. 
2014;9(7):e101734.

50. Lambert EA, Lambert GWJC. Stress and its role in sympathetic nervous sys-
tem activation in hypertension and the metabolic syndrome. 2011;13:244–8.

51. Kadier K, Qin L, Ainiwaer A, Rehemuding R, Dilixiati D, Du YY et al. Association 
of sleep-related disorders with cardiovascular disease among adults in the 
United States: a cross-sectional study based on national health and nutri-
tion examination survey 2005–2008. Frontiers in cardiovascular medicine. 
2022;9:954238.

52. Itani O, Jike M, Watanabe N, Kaneita Y. Short sleep duration and health out-
comes: a systematic review, meta-analysis, and meta-regression. Sleep Med. 
2017;32:246–56.

53. Guo X, Zheng L, Wang J, Zhang X, Zhang X, Li J et al. Epidemiological 
evidence for the link between sleep duration and high blood pressure: a 
systematic review and meta-analysis. 2013;14(4):324–32.

54. Rahim A, McIsaac MA, Aronson KJ, Smith PM, Tranmer JEJCJoC. The associa-
tions of shift work, sleep quality, and incidence of hypertension in ontario 
adults: a population-based study. 2021;37(3):513–8.

55. Han L, Wang Q. Association between Organophosphorus insecticides 
exposure and the prevalence of in the US adults: an analysis based on the 
NHANES 2007–2018. Ecotoxicol Environ Saf. 2023;255:114803.

56. Paciência I, Barros H, Araújo J, Ramos E. Association between sleep duration 
and blood pressure in adolescents. Hypertens Research: Official J Japanese 
Soc Hypertens. 2013;36(8):747–52.

57. Choi JK, Kim MY, Kim JK, Park JK, Oh SS, Koh SB, et al. Association between 
short sleep duration and high incidence of metabolic syndrome in midlife 
women. Tohoku J Exp Med. 2011;225(3):187–93.

58. Asmare Y, Ali A, Belachew A. Magnitude and associated factors of depression 
among people with hypertension in Addis Ababa, Ethiopia: a hospital based 
cross-sectional study. BMC Psychiatry. 2022;22(1):327.

59. Hitij JB. Association of depressive symptoms and hypertension prevalence, 
awareness, treatment. J Hypertens. 2022;40(9):1655–7.



Page 14 of 14Liu et al. BMC Psychiatry          (2024) 24:482 

60. Chen S, Conwell Y, Xue J, Li LW, Tang W, Bogner HR et al. Protocol of an ongo-
ing randomized controlled trial of care management for comorbid depres-
sion and hypertension: the Chinese Older Adult Collaborations in Health 
(COACH) study. 2018;18(1):1–9.

61. Kiełbasa G, Stolarz-Skrzypek K, Pawlik A, Łątka M, Drożdż T, Olszewska M et 
al. Assessment of sleep disorders among patients with hypertension and 
coexisting metabolic syndrome. 2016;61(2):261–8.

62. Buysse DJ, Angst J, Gamma A, Ajdacic V, Eich D, Rössler WJS. Prevalence, 
course, and comorbidity of insomnia and depression in young adults. 
2008;31(4):473–80.

63. Fan T, Su D. Interaction effects between sleep disorders and depression on 
heart failure. BMC Cardiovasc Disord. 2023;23(1):132.

64. Dong Y, Yang FMJPM. Insomnia symptoms predict both future hypertension 
and depression. 2019;123:41 – 7.

65. Ma L, Li YJJCN. The effect of depression on sleep quality and the circadian 
rhythm of ambulatory blood pressure in older patients with hypertension. 
2017;39:49–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Interaction effects between sleep-related disorders and depression on hypertension among adults: a cross-sectional study
	Abstract
	Background
	Methods
	Study design and population
	Assessment of hypertension
	Assessment of sleep-related disorders
	Assessment of depression
	Data collection
	Statistical analysis

	Results
	The characteristics of all participants
	Comparisons of the characteristics between patients with and without hypertension
	Associations of sleep disorders or depression with hypertension
	Interaction effects between sleep disorders and depression on hypertension
	Subgroup analyses and sensitivity analyses

	Discussion
	Limitations
	Conclusions
	References


