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ABSTRACT

Objective To explore the association between
cardiometabolic dysregulation, an integral component of
allostatic load, and health risk behaviours (HRBs) of the
Hong Kong healthy adult population.

Design Secondary analysis of cross-sectional anonymous
data.

Setting Data on sociodemographics, self-reported health
status, HRBs and biomarkers were extracted from the
Hong Kong Population Health Survey 2014/2015.
Participants One thousand five hundred and fifty-

one participants aged 18—64 years without self-
reported diagnoses of hypertension, diabetes mellitus,
hyperlipidaemia, cardiovascular disease, cognitive
impairment or cancer.

Primary outcome measures Cardiometabolic
dysregulation index (CMDI), ranging from 0 to 6, was
calculated by counting the number of biomarkers
including systolic blood pressure, diastolic blood
pressure, waist to hip ratio, glycated haemoglobin, total
cholesterol to high-density lipoprotein cholesterol ratio,
and triglycerides that were above the respective normal
level suggested by international guidelines and literature.
HRBs including smoking, dietary habits and sleeping
hours were collected by self-report questionnaire. Alcohol
consumption was assessed by the 10-item Alcohol Use
Disorders Identification Test, while physical activity

level was measured using the Global Physical Activity
Questionnaire. A composite HRB score, ranging from 0
to 5, was calculated as the cumulative number of HRBs.
The effect of HRB on CMDI was evaluated by negative
binomial regression with adjustment for socioeconomic
status, health awareness and comorbidities of the
participants.

Results The mean CMDI of the studied population was
1.6; 29.5% had a CMDI of 0, whereas 1.5% had a CMDI
of 6. Significant difference was observed in mean CMDI
between gender and different age groups. Sleeping less
than 6 hours (incidence rate ratio (IRR)=1.26, p<0.001),
smoking (IRR=1.15, p=0.027), insufficient physical
activity (IRR=1.12, p=0.007) and higher composite HRB
score (IRR=1.12, 95% Cl 1.06 to 1.18) were significantly
associated with higher CMDI.

Conclusion Smoking, physical inactivity and inadequate
sleep—an essential yet often overlooked health
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Strengths and limitations of this study

» This is the first study to explore the association be-
tween cardiometabolic dysregulation, an integral
component of allostatic load, and various health risk
behaviours, as well as their combined effect, among
the Hong Kong healthy adult population, using data
from a territory-wide health survey of a large repre-
sentative sample.

» We measured cardiometabolic dysregulation using a
practical yet robust index, evaluated health risk be-
haviours with standardised measurement and con-
sidered a comprehensive range of socioeconomic
factors as confounders.

» As a cross-sectional study, the relationship between
cardiometabolic dysregulation and development of
clinically important health outcomes such as dia-
betes mellitus, cardiovascular events and mortality
cannot be examined.

» The operationalisation of the cardiometabolic dys-
regulation index in our study did not include bio-
markers from the neuroendocrine, inflammatory or
immunology systems and hence could not reflect
the overall allostatic load of the study participants.

» Health risk behaviours and socioeconomic informa-
tion were collected with self-administered ques-
tionnaire, and recall or social desirability bias might
occeur.

behaviour—were associated with higher CMDI in the Hong
Kong healthy adult population.

INTRODUCTION

Cumulative stress from persistent socioeco-
nomic disadvantage, psychosocial adversities
and health risk behaviours (HRBs) across
life course has been linked to physiological
dysregulation, chronic diseases and increased
mortality.! Allostatic load (AL) provides a
useful framework for conceptualising the
overall physiological ‘wear-and-tear’ on one’s
body due to chronic life stress.” Allostasis
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refers to the dynamic, adaptive regulatory process that
maintains homeostasis during exposure to stressors.”
Repeated cycles of activation and deactivation of allostasis
over time lead to neuroendocrine system maladapta-
tion, which results in secondary physiological dysregula-
tion in the metabolic, cardiovascular and inflammatory
systems. AL captures the cumulative, multisystem effects
of stress before onset of diseases (ie, allostatic overload)
using an array of biological markers at increased-risk
ranges." Previous research demonstrated that elevated AL
predicted adverse health outcomes in later life,” including
physical and cognitive decline,’ malignant neoplasms,
cardiometabolic and respiratory diseases,” depressive
symptoms,® and all-cause mortality,” better than any indi-
vidual biomarker or the metabolic syndrome.” ® Hence,
assessment of AL allows early identification of people at
increased health risks when the physiological dysregula-
tions are still reversible, such that timely interventions,
such as exercise,'’ drug therapy, diet and psychological
intervention,'' can be provided to prevent adverse health
outcomes.

To mitigate the health consequences of elevated AL,
identification of its modifiable antecedents is imperative.
In a recent systematic review, Suvarna et al'® found that
different HRBs contributed to AL variably. While there
is strong evidence on the relationship between physical
inactivity and AL, evidence on the relationships of other
HRBs and AL is less consistent.”” ' While a number of
studies supported the link between smoking and high
AL,"% Petrovic et al found only a weak and insignificant
association, whereas Gallo e al” ' found no relationship
between them. Alcohol consumption had been identified
as a predictor of both high and low AL."* "% Although
van Draanen et al® showed that high AL was associated
with consumption of fast foods, sugar-sweetened bever-
ages and artificially sweetened beverages, Mattei et al’'
found that the association between increased sweet
consumption and heightened AL was only significant
among participants with diabetes. Poor sleep quality,
sleep pattern variability, inadequate sleep as well as exces-
sive sleep had all been related to increased AL.**™ Tt is
possible that the results from the different studies could
not be directly compared due to the different ways which
HRBs and AL were measured.

The major challenge in measuring AL to screen and
monitor an individual’s health risk and guide preventive
care in both routine clinical practice and research lies
in its operationalisation. AL is typically operationalised
as a single composite index of biological markers in the
increased-risk ranges, referred to as the allostatic load
index (ALI). Controversies remain in which biomarkers
to include, how to measure, combine and weigh them,
and with which statistical analytic techniques.' The orig-
inal ALI comprised 10 biomarkers from the neuroendo-
crine, cardiovascular and metabolic systems.7 However,
this preliminary operational definition of ALI has not
been adopted as the gold standard.*® A wide range of
biomarkers representing five main biological systems

have been used in the literature, with the number of
biomarkers used to calculate ALI ranging from 4 to
24,7772 A total of 39 biomarkers were used to calculate
AL indices in the 26 studies included in Suvarna et al’s'
review, where only 9 (23.1%) were common, namely
systolic blood pressure (SBP), diastolic blood pressure
(DBP), glycated haemoglobin (HbAlc), high-density
lipoprotein cholesterol (HDL-C), total cholesterol
(TC), body mass index (BMI), waist to hip ratio (WHR),
triglycerides (TG) and C-reactive protein/high sensi-
tivity C-reactive protein. The other biomarkers hardly
overlapped. Furthermore, studies have pointed out that
neuroendocrine biomarkers, despite their centrality
in the conceptualisation of AL, are inconsistent and
impractical to measure in clinical settings due to their
circadian rhythmicity.” * Differentiation between circa-
dian changes in neuroendocrine parameters and tran-
sient changes versus long-term response to stress cannot
be readily made from spot sampling. Moreover, consid-
erable heterogeneity and an unusually broad range were
observed in the cut-off points of each biomarker for
defining high AL used in previous studies. Many studies
used quartile-based cut-offs as the ‘high-risk’ thresh-
olds, which were specific for the studied population and
precluded their use in other populations.”

Conversely, most cardiovascular and metabolic
biomarkers, which are essential constituents of AL
measuring the secondary physiological dysregulation
resulting from chronic stress, are routinely available
in daily clinical practice and commonly measured in
population-based studies. The presence of individual
or combination of cardiometabolic risk factors has
been termed ‘cardiometabolic dysregulation’ (CMD)
or ‘cardiometabolic risk’ in the literature; a composite
CMD score has been conveniently calculated as the
simple count of cardiometabolic biomarkers in the
respective high-risk ranges according to clinical criteria,
which has the potential to be applied to different popu-
lations and would allow comparison across different
studies.>'™®* Similar to AL, increased CMD was associated
with stressful and traumatic life experiences,34 cognitive
decline,g2 and HRBs.*! *® Shi et af' demonstrated that
more healthy lifestyle behaviours, including abstinence
from smoking, regular exercise, sufficient fruit and vege-
table intake, less meat intake, modest alcohol intake and
less television viewing time, were associated with reduced
CMD among two generations of adults in the USA and
Canada. However, no study has yet examined the relation-
ship between CMD and various HRBs among the younger
healthy Asian adult population.

This study aims to explore the association between the
predisease CMD and HRBs of the Hong Kong healthy
adult population, using readily available biomarkers in
routine clinical setting and cut-off levels above the respec-
tive ‘normal’ levels recommended by international guide-
lines and literature.

2

Yu EYT, et al. BMJ Open 2021;11:¢043503. doi:10.1136/bmjopen-2020-043503



METHODS

Study design and subject sampling

Secondary analysis was conducted on data extracted from
the Population Health Survey 2014/2015, a territory-wide
cross-sectional survey conducted by the Department of
Health of the Hong Kong Special Administrative Region
Government. Detailed sampling method of the Popula-
tion Health Survey 2014/2015 has been reported by the
Department of Health.” In brief, the Population Health
Survey 2014/2015 adopted systematic replicated sampling
to duplicate the land-based, non-institutional population
excluding domestic helpers and visitors of Hong Kong.
The survey successfully recruited 12022 participants
aged 15 years or above from 5435 domestic households
as the representative sample of the Hong Kong general
population. Each participant provided written consent
and completed a questionnaire collecting information
on sociodemographics, self-reported health status and
HRBs. Among them, 2347 participants aged 15-84 years
were further randomly sampled, stratified by age and
gender, to undergo health examination including blood
pressure, waist and hip circumference measurement,
and blood tests for HbAlc and full lipid profile. In this
study focusing on younger healthy adults, only partici-
pants aged between 18 and 64 years who completed the
questionnaire and underwent the health examination
were included; 416 participants aged below 18 years or
above 64 years were excluded. To evaluate the cardiomet-
abolic dysregulation index (CMDI) as a predisease health
risk indicator, 380 participants with self-reported doctor
diagnosis or taking medication (s) which would affect the
spot value of the biomarkers, including diabetes mellitus,
hypertension or high blood cholesterol, or having cardio-
vascular disease (coronary heart disease and stroke),
renal disease, thyroid disease, cancer or cognitive impair-
ment, were further excluded. Online supplemental figure
1 shows the inclusion process of the 1551 participants in
this study.

Cardiometabolic dysregulation index

CMDI was operationalised as a simple count of the
number of biomarkers that were above the respective
normal level recommended by international clinical
guidelines and literature (online supplemental table 1).
The six selected biomarkers and their respective cut-offs
were SBP 2130 mm Hg, DBP >80 mm Hg, WHR =>0.9 for
men or >0.8 for women, HbAlc >5.7%, TC to HDL-C ratio
>4.5 for men or 4.0 for women, and TG >1.7mmol/L. As
a numeric scale ranging from 0 to 6, a higher CMDI score
reflects higher level of CMD.

Health behaviours

Five health behaviours were evaluated, namely smoking,
alcohol consumption, physical activity (PA), dietary habit
and sleep. Smoking status was classified into ‘current
smoker’, ‘former chronic smoker’ or ‘never smoked’.
Alcohol consumption habit was assessed by the 10-item
Alcohol Use Disorders Identification Test (AUDIT).*

Drinking status was categorised into ‘non-drinker’, ‘low-
risk drinking’ (ie, AUDIT score <8) or ‘harmful drinking’
(ie, AUDIT score >8).% 7 PA level was measured using the
Global Physical Activity Questionnaire (GPAQ), which
collects PA level at work, during recreational activities
and travelling.”® PA level was considered ‘sufficient’ if
the participant performed at least 150 min of moderate-
intensity PA, 75min of vigorous-intensity PA or at least
600 metabolic equivalent-minutes per week.” Two ques-
tions were used to assess dietary habits, where one ques-
tion asked for the frequency of vegetables and/or fruits
per day and the other question counted the amount of
vegetables and/or fruits per intake. Fruit and vegetable
consumption per day was categorised into ‘<3 servings’,
‘3—4 servings’ or ‘=5 servings’. Daily intake of =5 serv-
ings (400 g) of vegetables and/or fruits was considered
as ‘adequate’.*” Sleep was evaluated in terms of self-rated
sleep quality (‘poor’, ‘fair’ or ‘well’) and sleeping hours,
which were categorised into ‘<6hours’, ‘6-8hours’ or
>9hours”.*' ** A composite HRB score ranging from 0 to
5 was computed as the sum of HRBs of each participant,
including current smoker, harmful drinking (AUDIT
score 28), insufficient PA, inadequate fruit/vegetable
consumption (<b servings per day) and inadequate sleep
(<6hours per day).

Covariates

Other potential stressors including socioeconomic status,
health awareness and comorbidities of the participants
were considered as confounders. Socioeconomic char-
acteristics included age, gender, marital status, monthly
household income, educational level and working status.
Marital status was classified into ‘single’ or ‘married’,
where ‘single’ included participants who were never
married, divorced, separated and widowed. Monthly
household income was self-reported and classified into
‘<50% Hong Kong median’, ‘between 50% and the Hong
Kong median’ or ‘above Hong Kong median’, based on
the Hong Kong median monthly household income in
the second quartile of year 2015 (HK$24 500). Highest
educational level attained was categorised into ‘secondary
education or below’ or ‘tertiary education or above’.
Working status was coded as ‘active’ if the subject had a
full-time or part-time job in the past 7days, otherwise as
‘inactive’. Health awareness was implied from the prac-
tice of regular health check. Physical comorbidities which
might indirectly influence AL or CMD included asthma,
chronic obstructive pulmonary disorder, respiratory
diseases, liver disease, stomach disease, anaemia, muscu-
loskeletal diseases, immunological disorders, skin disor-
ders or Parkinson disease, while mental comorbidities
included depression, anxiety disorder or schizophrenia.

Statistical analysis

Multiple imputation by chained equation was deployed to
handle missing covariates. Each missing value was imputed
five times by multivariate chained equations with the use
of all other known covariates.” Each imputed data set was

Yu EYT, et al. BMJ Open 2021;11:e043503. doi:10.1136/bmjopen-2020-043503

3


https://dx.doi.org/10.1136/bmjopen-2020-043503
https://dx.doi.org/10.1136/bmjopen-2020-043503
https://dx.doi.org/10.1136/bmjopen-2020-043503

used to perform analysis individually and the results were
pooled together by Rubin’s combination rule.**

Descriptive statistics were used to present the char-
acteristics of the participants, including mean and SD
for continuous variables and proportion and number
of participants for categorical variables. The CMDI by
different age groups and gender was compared by one-
way analysis of variance with posthoc Tukey honestly
significant difference test, given that age and gender were
well-recognised confounders of increased risks of CMDI
biomarkers in the literature.*** The incidence rate ratios
(IRRs) for the individual and combined effects of HRBs
on CMDI were evaluated by negative binomial regres-
sion adjusted by gender, age, marital status, educational
level, household income, working status, physical comor-
bidities, mental comorbidities and regular health check.
Multicollinearity was examined by variance inflation
factor. Sensitivity analysis was performed using complete-
case analysis, where participants without complete data
on covariates were excluded from the analysis.

All statistical analyses were performed by Stata V.16.0.
All tests of significance were two-tailed and p value <0.05
was considered statistically significant.

Patient and public involvement

Participants were not involved in setting the research
question or the outcomes measures, designing the inves-
tigation, or interpreting the data. There was no plan to
involve participants in the dissemination of the results.

RESULTS

Table 1 presents the characteristics of participants; data
completion rates are listed in online supplemental table
2. Of the participants, 47.2% were male and the mean age
was 37.5 (SD=12.9). Of the participants, 195 (12.6%) were
current smokers, among whom 30 (15.4%) were social
smokers (ie, did not smoke daily). The average number
of cigarettes smoked by the 165 current daily smokers was
12.26 (SD=7.06, range 1-40). Of the participants, 4.4%
exhibited harmful alcohol use. While 39.2% of the partic-
ipants achieved sufficient PA level, only 6.3% consumed
the recommended five servings of fruits and/or vegeta-
bles daily. Of the participants, 9.8% reported having less
than 6 hours of sleep per day.

The mean CMDI was 1.6 (SD=1.5). Table 2 presents the
distribution of CMDI by age and gender. Of the partici-
pants, 29.5% had a CMDI of 0, including 34 participants
(6.9%) aged between 45 and 64. Twenty-three partici-
pants (1.5%) had a CMDI of 6, among whom one subject
was younger than 30years. The mean CMDI increased
significantly from 0.8 (SD=1.0) in participants between
18 and 29years to 1.5 (SD=1.4) and 2.6 (SD=1.5) among
those aged 30-44 and 45-64 years, respectively. Signifi-
cant differences were observed between the mean CMDI
of men and women. The mean CMDI by different age
groups and gender is compared in figure 1.

Table 1 Characteristics of participants (N=1551)

Participants,

Factors meanxSD/n (%)

Socioeconomic factors

Male 732 (47.2)
Age 37.5+12.9
Marital status (married) 826 (53.3)
Tertiary education or above 703 (45.3)
Household income*

Above the Hong Kong median 1060 (68.3)

household income

Between 50% and the Hong Kong 358 (23.1)
median household income

Below 50% Hong Kong median 133 (8.6)
household income
Active working statust 1172 (75.6)
Health conditions
Physical comorbidities 191 (12.3)
Mental comorbidities 19 (1.2)
Regular health check practice 470 (30.3)
Lifestyle factors
Smoking status
Never smoked 1230 (79.3)
Former chronic smoker 126 (8.1)
Current smoker 195 (12.6)
Alcohol consumption pattern
Non-drinker 418 (27.0)

Low-risk drinking (AUDIT score <8) 1064 (68.6)
Harmful drinking (AUDIT score >8) 69 (4.4)
Physical activity

Sufficient physical activity level by 608 (39.2)
WHO recommendation

Dietary habit
Fruit/vegetable consumption per day

<3 servings 1151 (74.2)
3-4 servings 302 (19.5)
>5 servings 98 (6.3)
Sleep
Good sleep quality 886 (57.1)
Sleep hours 6.9+1.1
<6hours 152 (9.8)
6-9 hours 1331 (85.8)
>9hours 68 (4.4)
Composite health risk behaviour 1.86+0.76
score (range 0-5)
Cardiometabolic dysregulation
CMDI (range 0-6) 1.6+1.5
SBP >130mm Hg 194 (12.5)
Continued
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Table 1 Continued

Participants,
Factors mean=SD/n (%)
DBP >80mm Hg 515 (33.2)

WHR >0.8 for women or >0.9for men 664 (42.8)

TC to HDL-C ratio >4.5for women or 425 (27.4)
>4.0for men

TG >1.7mmol/L
HbA1c >5.7%

226 (14.6)
462 (29.8)

Physical comorbidities included asthma, chronic obstructive
pulmonary disorder, respiratory diseases, liver disease,

stomach disease, anaemia, musculoskeletal diseases,
immunological disorders, skin disorders or Parkinson disease.
Mental comorbidities included depression, anxiety disorder or
schizophrenia.

*The Hong Kong median household income in the second quartile
of 2015 was HK$24 500.

T'Active working’ is defined as having a full-time/part-time job in
the past 7 days.

AUDIT, Alcohol Use Disorders Identification Test; CMDI,
cardiometabolic dysregulation index; DBP, diastolic blood
pressure; HbA1c, glycated haemoglobin; HDL-C, high-density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total
cholesterol; TG, triglyceride; WHR, waistto hip ratio.

Table 3 presents the adjusted effect of HRBs on CMDI.
Smokers (IRR=1.15, p=0.027), participants with insuffi-
cient PA (IRR=1.12, p=0.007) and participants with less
than 6hours of sleep (IRR=1.26, p<0.001) had signifi-
cantly higher CMDI. On the other hand, consumption
of vegetables, fruits or alcohol was not associated with
CMDI. The interaction effect of gender and HRBs on
CMD was insignificant. For sensitivity analysis, complete-
case analysis with 1522 participants was performed and
found similar results. Higher composite HRB score was
associated with higher CMDI (IRR=1.12, 95% CI 1.06 to
1.18).

DISCUSSION

Our study demonstrated that the healthy adult population
of Hong Kong between 18 and 64 years of age without pre-
existing cancer and cardiovascular or endocrine diseases
had on average one or more cardiometabolic biomarkers
above normal level (ie, mean CMDI=1.6). Around half of
people aged between 45 and 64 years and 8.3% people
aged between 18 and 29 years had a CMDI of 3 or above,
suggestive of significant physiological dysregulation in
cardiovascular and metabolic systems and increased
health risk. Furthermore, our findings added evidence on
the early harms of HRBs, that inadequate sleep, tobacco
smoking, insufficient PA and higher number of HRBs
were significantly associated with higher CMD.

The clinical value of AL assessment has been increas-
ingly recognised in recent years, butits clinical application
has been limited by inconsistencies in its measurement
methods to date. In this study, we attempted to assess

AL by capturing secondary cardiovascular and meta-
bolic dysregulations (ie, CMD) resulting from stress
and consequent neuroendocrine system maladaptation
using six routinely available biomarkers. Five out of the
six included biomarkers were selected from the original
ten AL biomarkers proposed by Seeman et af’ and repre-
sented the most common and most robust biomarkers
used in empirical literature." We used TC to HDL-C ratio
to reflect lipoprotein metabolism dysregulation because
the ratio had been shown to associate with more substan-
tial alterations in metabolic indices predictive of cardio-
vascular disease and insulin resistance than considering
their levels separately.” TG level, a component of the
metabolic syndrome and risk factor for cardiovascular
disease, fatty liver and pancreatitis, was added to capture
dysregulations in fat metabolism.”® For each biomarker,
we defined increased risk as values above the respective
normal cut-offs recommended by latest international clin-
ical guidelines and/or literature to capture early changes
before onset of diseases, which also corresponded to the
mid-range of cut-off values used in previous studies on
AL."* Since there are no data on the relative importance of
the biomarkers, we calculated the CMDI by an unweighted
summation of the total number of biomarkers that were
above the cut-offs. The validity and sensitivity of our
method of CMDI calculation are well supported by the
expected associations between CMDI, increasing age and
various HRBs.”' Although the biomarkers used to assess
CMDI overlap with the diagnostic criteria for metabolic
syndrome, which dichotomises an individual to disease
state (yes or no) based on the number of clinical criteria
met, CMDI as a continuous variable does not label indi-
viduals with a diagnosis. Rather, an easy-to-assess CMDI
informs clinicians and the individuals on the health risk
of a person and need for more active preventive interven-
tions, as well as allows monitoring of changes over time.
We found that around 10% of the Hong Kong healthy
adult population reported inadequate sleep (<6 hours),
which was significantly associated with increased CMDI.
The effects of sleep quantity and quality on AL, CMD
and health were rarely explored. McEwen and Karat-
soreos’! proposed sleep disruption as key drivers of AL
since good sleep is essential to let the body rest and
repair damages. Prolonged inadequate sleep contrib-
utes to gradual changes in the regulatory set points
that govern blood pressure, cholesterol, blood sugar
and inflammatory activity, leading to disease patho-
physiology.'® Associations between short sleep duration
and various health problems had been established,
including increased cardiometabolic risk score, odds of
having metabolic syndrome,’” risk of upper respiratory
tract infections™ and depression.”* McEwen and Karat-
soreos’s’! hypothesis was further supported by findings
from Chen et al’s®* study that sleep duration <6 hours,
sleep apnoea, insomnia and diagnosed sleep disorder
were all associated with high AL among adults in the
USA. Clark et al”® also found that the combination of
short (<7hours) and disturbed sleep was associated
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Age group
Cardiometabolic dysregulation index All ages 18-29 30-44

f

(N=1551) (n=530) (n=526) (n=495)

Median+IQR 1+£3 0+1 1+2 2+3

0 29.5 (458) 51.1 (271) 29.2 (153) 6.9 (34)

2 18.0 (280) 10.5 (55) 19.9 (105) 24.2 (120)

4 7.0 (109) 1.5 (8) 5.8 (31) 14.3 (71)

6 1.5 (23) 0.2 (1) 0.6 (3) 3.8 (19)

(n=732) (n=246) (n=259) (n=227)

Median+IQR 1+3 1+1 2+2 3+2

0 27.3 (200) 48.3 (119) 24.6 (64) 7.5(17)

2 17.6 (129) 10.7 (26) 20.3 (53) 21.9 (50)

4 7.2 (53) 2.0 (5) 6.4 (17) 13.8 (31)

6 1.6 (12) 0.4 (1) 0.8 (2) 4.0 (9)

(n=819) (n=284) (n=267) (n=268)

Median+IQR 1+£2 0+1 1£2 2+2

0 31.6 (259) 53.5 (152) 33.6 (90) 6.4 (17)

2 18.5 (151) 10.2 (29) 19.6 (52) 26.1 (70)

4 6.9 (56) 1.1(3) 5.2 (14) 14.6 (39)

6 1.3 (11) 0(0) 0.4 (1) 3.7 (10)

Significant difference in mean of cardiometabolic dysregulation index between different age groups and sex by one-way analysis of variance
(p<0.05).

with higher AL in the older Danish population, and  study was not sensitive enough to identify sleep impair-
disturbed sleep might be an index of obesity-related  ment. Also, the presence of obstructive sleep apnoea,
disorder such as sleep apnoea. Conversely, our study  which is common among obese individuals who also
did not show a significant relationship between CMDI  have other concomitant cardiovascular and metabolic
and sleep quality or long sleep (9hours or more) as  risk factors, has not been assessed in our study as a
demonstrated by Clark et al’s® study. It was possible that ~ possible contributor to poor sleep quality. Given the
the simple subjective rating of sleep quality used in our ~ prevalence and significance of sleep disorder in health,

(=]
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(8]
18-29 30-44 >44
Age (years)

Figure 1 Cardiometabolic dysregulation index by gender

and age groups. ANOVA, analysis of variance.

further longitudinal studies should be conducted to
explore the causal relationship between sleep impair-
ment, CMD, AL and adverse health outcomes using
standardised questionnaires and polysomnography.
Our study also corroborates with the majority of
previous studies that showed a positive relationship
between smoking, CMD and AL Smoking is known
to acutely impair glucose tolerance and insulin sensitivity,
increase serum cholesterol and TG levels, and raise blood
pressure, all of which have a direct effect on increasing
CMD and AL.%® Furthermore, consistent with previous
studies,12 1331335658 e confirmed that physical inactivity
was associated with higher CMD. It has been observed

that high level of PA was associated with low dysregu-
lation of cardiovascular, metabolic and lipid axes and
tended to be linked with low oxidative stress,13 supporting
the role of PA in the primary prevention of diabetes,
cardiovascular diseases and some cancers. However,
different measurements had been used to assess PA level
in different studies, rendering it difficult for clinicians to
advise patients on how much PA would be required to
achieve the desired health benefits. Most studies focused
on the effect of leisure PA on AL,57 % while the study by
Petrovic et al’ used a non-validated self-reporting scale
from 1 to 10 to assess participants’ PA level on sedentary
behaviour, manual work and sport practices to differ-
entiate high versus low PA, which was not applicable in
clinical setting. In our study, we used the GPAQ with its
standardised scoring algorithm to account for the overall
effect of PA from work, travelling and leisure activities
on CMD, thereby improving the generalisability of our
results to the working population. Meanwhile, our find-
ings did not confirm an association between CMDI and
alcohol consumption. When we categorised the partici-
pants’ consumption pattern as harmful, non-harmful
or none using the standardised AUDIT, we observed
that non-harmful alcohol consumption was insignifi-
cantly associated with lower CMDI compared with non-
drinkers, in line with the findings from Gallo ef aland Hu
et al studies.'” '® On the other hand, we failed to demon-
strate an association between CMDI and vegetable and
fruit intake as shown by Shi et al,31 suggesting the role of
genetic and cultural factors underpinning the relation-
ship between CMD and diet.

Table 3 Effect of lifestyle factors on cardiometabolic dysregulation by negative binomial regression

Risk factors IRR 95% ClI P value
Smoking status (vs never smoked)

Former chronic smoker 0.92 0.80 to 1.07 0.299

Current smoker 1.15 1.02 to 1.30 0.027*
Drinking status (vs non-drinker)

Low-risk drinking (AUDIT score <8) 0.94 0.86 to 1.04 0.225

Harmful drinking (AUDIT score >8) 0.94 0.77t0 1.16 0.589

Insufficient physical activity (vs sufficient physical activity) 1.12 1.08to 1.22 0.007*
Fruit/vegetable consumption per day (vs <3 servings)

3-4 servings 0.97 0.87 to 1.07 0.523

>5 servings 1.03 0.88 to 1.21 0.706
Poor or fair sleep quality (vs good sleep quality) 0.96 0.88 to 1.05 0.356
Sleep hours (vs ‘6-8 hours’)

<6hours 1.26 1.11t0 1.42 <0.001*

>9hours 1.08 0.88 to 1.32 0.482

IRR >1 indicates higher cardiometabolic dysregulation and vice versa.
Factors inside brackets are reference level.

*Significant difference at p<0.05 by negative binomial regression adjusted by gender, age, marital status, educational level, household income,
working status, physical comorbidities, mental comorbidities and regular health check.

AUDIT, AlcoholUse Disorders Identification Test; IRR, incidencerate ratio.
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The main strength of this study is that it is the first to
explore CMD, an integral and important component of
AL, and its association with various HRBs in a large repre-
sentative healthy adult population from a wide age range
between 18 and 64years, thereby providing good gener-
alisability of results. Comprehensive data were collected
on a wide range of socioeconomic and health behaviours,
which allowed for adjustment of confounders. We must
pointout the limitation of the results from a cross-sectional
study that does not allow the conclusion on causal rela-
tionship or examination on the association between
the CMDI and the development of clinically important
health outcomes such as diabetes, cardiovascular events
and mortality. To examine CMDI as a predisease health
index, we only excluded participants with self-reported
established hypertension, diabetes, hyperlipidaemia and
conditions which would directly affect the values of the
biomarkers. Participants whose biomarkers reached the
respective disease ranges in this cross-sectional assessment
but were unaware of their condition might have been
included in the study, because it would be inappropriate
to confirm the diagnosis of hypertension, diabetes or
hyperlipidaemia based on a single reading. Self-reported
socioeconomic information and health behaviours may
be susceptible to recall or social desirability bias. The
ethnicity of the participants was not reported, although
97.5% of the participants reported being born in China.
Lastly, measures of inflammatory and immunological
dysregulation were not available from the data set; only
CMD but not AL could be measured using the available
biomarkers in this study. To further improve the predic-
tive power of this clinically accessible CMDI, further study
should consider adding measures of inflammatory and/or
immunological activity on the currently proposed CMDI
operationalisation and clinimetric criteria for identifying
stressors and psychological distress and evaluating AL.”

CONCLUSION

In the Hong Kong healthy adult population, sleeping
<6 hours, smoking, physical inactivity and higher number
of HRBs were significantly associated with higher CMDI
and potentially AL. Interventions targeting these modifi-
able HRBs should be widely advocated to prevent adverse
health outcomes. Future longitudinal studies should
be conducted to explore the temporal and causal rela-
tionship between HRBs, CMD, AL and adverse health
outcomes, and the effectiveness of health behavioural
interventions in reducing CMD and AL to prevent
morbidities and mortalities.
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