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Abstract
Objective: This study aimed to investigate the direct and indirect effects of poor
sleep quality on BMI and waist circumference (WC), considering behavioural
factors as intermediate variables.
Design: A population-based cross-sectional study design was adopted. Data were
collected between February and October 2015. Poor sleep quality was assessed
using the Brazilian version of the Pittsburgh Sleep Quality Index (PSQI-BR).
Weight, height (used to calculate BMI) and WC were measured using standard
protocols. Physical activity, sedentary behaviour and fast food consumption were
considered intermediate variables. Non-standardised effects were estimated by
path analysis with bootstrapped CI.
Setting: Urban region of the city of São Leopoldo, southern Brazil.
Participants: Representative sample of 1117 women aged between 20 and
69 years.
Results: Poor sleep quality (higher PSQI-BR scores) was significantly associated
with low physical activity levels (β = –0·05; 95 % CI –0·09, –0·01). High physical
activity levels were associated with lower BMI (β= –0·21; 95 % CI –0·37, –0·07)
and WC (β= –0·64; 95 % CI –1·00, –0·30). There was a non-significant direct effect
of poor sleep quality on BMI and WC. However, low physical activity showed a
significant indirect effect on the association between poor sleep quality and
increased WC (β= 0·03; 95 % CI 0·01, 0·07).
Conclusions: The results indicate that the association between sleep quality and
WC is mediated by physical activity. This finding can assist in the development
of strategies to prevent and reduce abdominal obesity in adult women.
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In recent decades, there has been an increase in BMI
and waist circumference (WC) in women worldwide(1,2).
Data from 186 countries revealed a BMI increase from
22·1 kg/m2 in 1975 to 24·4 kg/m2 in 2014 among adult
women(1). Moreover, the National Health and Nutrition
Examination Survey indicated a WC increase of 0·72 cm
amongwomen from 1988 to 2006, after adjusting for BMI(2).

The increase in BMI andWCmay be caused by multiple
factors, including the consumption of processed and high
energetic density foods as well as a lack of physical activity

and sedentary behaviour levels(3,4). Sleep problems can
also be highlighted as poor sleep quality and have been
associated with increased BMI and WC(5–7). The mecha-
nisms involved in this association, however, have not been
fully explored(8). It has been hypothesised that inadeq-
uate sleep may alter the balance between consumption
and expenditure of energy, resulting in weight gain and
abdominal fat accumulation, that is, inadequate sleep
may be related to satiety and appetite-regulating hormones
(decrease in leptin level and increase in ghrelin level,

Public Health Nutrition: 24(5), 895–902 doi:10.1017/S1368980020004978

*Corresponding author: Email mtolinto@gmail.com
© The Author(s), 2020. Published by Cambridge University Press on behalf of The Nutrition Society

https://doi.org/10.1017/S1368980020004978 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020004978
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1368980020004978&domain=pdf
https://doi.org/10.1017/S1368980020004978


respectively)(9–11). This dysregulation may lead to greater
consumption of high-energy-density foods such as sweets,
snacks and sugary drinks(9,12–16). Four nights of sleep
restriction, for example, may result in a higher energy con-
sumption derived from foods rich in carbohydrates; sleep
restriction elevated the consumption of sweet and snacks
by approximately 1184 ± 544 kJ(9).

Inadequate sleep can also cause fatigue during the day,
which could decrease physical activity and increase seden-
tary behaviour(17–23). A previous study revealed that indi-
viduals with poor sleep quality were 46 % more likely
to be insufficiently active than those with good sleep
quality(19); another study showed that individuals with
short sleep duration (<6 h/d) had 26·5 min/d more seden-
tary behaviours than those with normal sleep (6–9 h/d)(23).
Additionally, inadequate sleep may alter cortisol secretion,
a hormone involved in the regulation of body composi-
tion(24). Sleep restriction may be related to the activation
of the endocannabinoid system, which also regulates food
intake and metabolism(25).

Although the mechanism that explains the association
between inadequate sleep and anthropometric measure-
ments may be mediated by behavioural issues, few studies
have explored these relationships in adult women. Thus,
this study aims to investigate the direct and indirect effects
of poor sleep quality on BMI and WC in a sample of adult
women from southern Brazil. Physical activity, sedentary
behaviour and fast food consumption were explored as
potential intermediate variables in these relationships.

Methods

A population-based cross-sectional study was conducted
with a representative sample of women aged 20–69 years
from the urban area of the city of São Leopoldo, Rio
Grande do Sul, Brazil. A multiple-stage sampling design
was adopted. In the first stage, forty-five census tracts
of São Leopoldo were chosen by systematic random sam-
pling. Next, the blocks and street corners that served as the
starting point for each of the census tracts were randomly
selected. Households were selected as follows: from the
starting point in the first block, always proceeding to the
left when facing the starting corner, the first house was
selected for the study; the next two houses were skipped,
and the third house was selected. This process was
repeated until thirty-six households had been visited in
each census tract.

The sample size was calculated to identify a 2·0 risk ratio
at a 95 % confidence level, with a statistical power of 80 %,
and maintaining a 1:2 unexposed:exposed ratio. The esti-
mated sample size was increased in 10 % for possible losses
and refusals and 15 % for possible confounding factors in
the data analysis. Therefore, the final sample size was cal-
culated as 1281 women. More details about the description
of the sample size calculation, sampling and other study

methodological procedures can be verified in a
previous publication(26).

Trained interviewers conducted interviews at the partici-
pants’ homes between February and October 2015 using a
standardised and pretested questionnaire.Womenwhowere
pregnant at the time of the survey were excluded from the
study. Data consistency was obtained by replication through
telephonic interviews in 10% of the sample.

BMI was assessed using the formula weight (kg)/
height (m)2. Weight and height were measured using an
analogue portable scale and a portable stadiometer,
respectively. WC was measured at the midpoint between
the last costal arch and the iliac crest using an inextensible
measuring tape. All the measurements were taken twice,
and the respective mean values were considered in the
analysis. A third measurement was taken if there was a
significant difference found in the first two measurements.
All anthropometric measurements were taken by trained
interviewers using standard protocols.

Sleep quality was assessed using the Brazilian version of
the Pittsburgh Sleep Quality Index (PSQI-BR)(27,28). This
questionnaire comprised nineteen questions that provided
information on the sleep patterns during the previous
month. The questions were subdivided into seven compo-
nents: (1) subjective sleep quality, (2) sleep latency (time
between bedtime and falling asleep), (3) sleep duration,
(4) habitual sleep efficiency, (5) sleep disturbances,
(6) use of sleep medication and (7) daytime dysfunction.
Each component was scored from 0 to 3; thus, the
total PSQI-BR score ranged from 0 to 21 points. In the
analysis, the final score was used as a numerical discrete
variable with higher scores indicating poorer quality
of sleep.

Based on the literature review, three behavioural
characteristics were collected and explored as intermediate
variables: physical activity, sedentary behaviour and fast
food consumption. The first was assessed using the short
version of the International Physical Activity Questionnaire
which comprises questions on the frequency and duration
of commuting and leisure-time physical activities for a
duration of at least 10 continuous minutes in the previous
week (last 7 d). The physical activity level was determined
by the total time spent in physical activities per week
(a numerical continuous variable). Sedentary behaviour
was assessed using an instrument to identify the time spent
in leisure-time activities every day, including use of com-
puter, tablet or cell phone; watching television and visiting
or meeting relatives/friends and others. A numerical con-
tinuous variable was used considering the total time in
hours/week in the analysis. Finally, fast food consumption
in the last 3 months was assessed using a FFQ which col-
lected data on consumption of fast foods (hamburgers,
hot dogs, pizza, etc.) and, if so, the number of days per
week (up to 7 d) or month (up to 10 d) they were con-
sumed. These data generated a numerical discrete variable
in relation to monthly fast food consumption.
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Exploratory variables were used to characterise the sam-
ple and to control for possible confounding factors in the
multivariate analysis. The demographic variables assessed
were as follows: age, reported by the interviewee in years;
skin colour, categorised aswhite and non-white andmarital
status, categorised as with and without a partner. Socio-
economic variables included income and schooling.
The first was estimated in monthly family income in
Reais, and the second was measured as completed years
of schooling. Behavioural variables were smoking status
(non-smoker, ex-smoker and smoker) and alcohol con-
sumption. Participants were asked about the usual fre-
quency of alcohol consumption, including each type and
amount of drink consumed in the last year. They were
categorised into three groups: abstinence, light/moderate
consumption (<15 g ethanol/d) and high consumption
(≥15 g ethanol/d). Occupational variables included current
occupation status (not working and working) and night
shift (who reported work at least one night/overnight shift
in her current or last job).

Statistical analysis
Data entry was performed using the EpiData version 3.1
software, including double entry and validation. Data
analyses were performed using Stata version 13.0 and
Mplus version 7.0. Numerical variables were described
using mean and SD, and categorical variables were
described using absolute and relative frequencies. There
was no significant interaction between exposure and the
intermediate variables (data not shown); thus, the classic
direct effect between exposure and outcome was used(29).
Linear regression analysis with robust estimation was per-
formed to verify the association between explanatory
variables and outcomes (BMI and WC) in the bivariate
analysis. Variables with a difference value lower or higher
than 10 % in the adjusted-effect measures of association
between PSQI-BR score with BMI and WC were used in
the multivariate analysis. The possible confounding factors
were selected a priori based on the following criteria: (a) be
associated with the main exposure (sleep quality) in the
literature; (b) be associated with the outcomes (BMI and
WC) in the literature and (c) not be part of the causal chain
between exposure and outcomes, nor a consequence of
the outcomes(30). Direct and indirect effects were estimated
using the path analysis technique. The theoretical model
was developed based on the premise that behavioural fac-
tors may be indirectly involved in the association of poor
sleep quality with BMI and WC increase. The analysis
was conducted in stages as recommended by Hair et al.(31).
Nonstandard estimates (linear regression coefficients) of
the effects were taken, and CI were obtained using the
bootstrapping technique with 6000 resamples and maxi-
mum likelihood estimation. Missing data were analysed
using full information maximum likelihood. The following

criteria were used to check the quality of the model’s fit:
χ2 P-value> 0·05, Comparative Fit Index > 0·90, Tucker–
Lewis Index > 0·90, RMSE of Approximation < 0·05 and
Standardized Root Mean Squared Residual < 0·08. After
estimating the proposed model, modification indices
(>3·84) were verified to identify significant associations
that could improve the model’s fit.

Results

Sample characteristics
Of the total sample, 153 (11·9 %) were considered losses or
refusals and 11 (0·9 %) did not provide complete data for
the exposures explored. Thus, the final analysis included
a sample of 1117 women.

The mean age of the women was 43·3 (SD 13·4) years.
They had a mean schooling and family income of
8·4 (SD 4·0) years and R$ 3596·00 (SD R$ 3355·00), respec-
tively. Predominantly, the women were white, lived with a
partner, were working and did not work in night shifts.
Regarding behavioural characteristics, most did not smoke
and consumed alcohol moderately. Themean time spent in
physical activities per week was 0·85 (SD 2·0) h, while in
sedentary behaviours was 25·1 (SD 22·7) h. The mean fast
food consumption was 2·5 (SD 4·2) times/month. Themean
PSQI-BR score was 5·6 (SD 3·4, median 5, minimum 0 and
maximum 17). The mean BMI and WC were 28·3 (SD 6·2)
kg/m2 and 90·3 (SD 14·7) cm, respectively (Table 1).

Association between explanatory variables and
outcomes (BMI and waist circumference)
Table 1 shows the bivariate analysis for the association
between explanatory variables and outcomes (BMI and
WC). There was an increase in BMI and WC according to
the increase in age, as well as in those who had stopped
smoking, and in those with higher PSQI-BR scores.
On the other hand, BMI andWCwere lower inwomenwith
a higher education level, those with moderate and exces-
sive alcohol consumption, who worked, with a high physi-
cal activity level and with high fast food consumption.
Family income was only associated with WC.

The direct and indirect effects of poor sleep
quality on the BMI and waist circumference
(path analysis)
The variables with a difference value lower or higher than
10 % in the adjusted-effect measures of association
between PSQI-BR score with BMI and WC were: age, edu-
cation, alcohol consumption, occupation and night shift
work; therefore, they were included in the final path analy-
sis model. The goodness-of-fit test indicated an adequate
model fit, and the verification of the modification indices
showed that all significant associations were specified in
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the proposedmodel (Fig. 1). Womenwith poor sleep qual-
ity (higher PSQI-BR scores) showed a lower physical activ-
ity level (β= –0·05; 95 % CI –0·09, –0·01). The association
between the PSQI-BR score and other intermediate varia-
bles was not significant (Table 2; Fig. 1).

Physical activity level was inversely associated with BMI
(β= –0·21; 95 % CI –0·37, –0·07); however, this variable
showed no significant indirect effect with other intermedi-
ate variables on the association between the PSQI-BR and
BMI. There was also no significant direct effect between the

Table 1 Sample characteristics and unadjusted linear regression coefficients for BMI and waist circumference according to demographic,
socio-economic and behavioural variables among Brazilian adult women (n 1117)

Characteristics Mean SD n %

BMI (kg/m2) Waist circumference (cm)

β 95% CI P-value β 95% CI P-value

Age in years 43·3 13·4 0·09 0·07, 0·12 < 0·001 0·32 0·26, 0·38 < 0·001
Skin colour 0·200 0·334
White 831 74·4 0 0
Non-white 286 25·6 0·57 –0·30, 1·45 1·08 –1·00, 3·15

Marital status 0·238 0·094
Without partner 400 35·8 0 0
With partner 717 64·2 0·47 –0·31, 1·25 1·57 –0·27, 3·40

Schooling in years 8·4 4·0 −0·24 –0·33, –0·16 < 0·001 −0·79 –1·00, –0·59 < 0·001
Family income in Reais 3·596 3·355 −0·00 –0·00, 0·00 0·105 −0·00 –0·00, –0·00 0·014
Smoking 0·043* 0·005*
Non-smoker 657 58·8 0 0
Ex-smoker 254 22·7 1·09 0·19, 2·00 3·44 1·29, 5·59
Smoker 206 18·4 −0·14 –1·16, 0·89 −0·08 –2·45, 2·29

Alcohol consumption 0·004* < 0·001*
Abstinence 442 39·6 0 0
Light/moderate 590 52·8 −1·04 –1·82, –0·27 −3·39 –5·20, –1·58
High 85 7·6 −1·97 –3·36, –0·59 −6·88 –10·11, –3·65

Occupation 0·009 < 0·001
Not working 482 43·2 0 0
Working 635 56·8 −0·99 –1·73, –0·25 −4·02 –5·77, –2·28

Night shift 0·660 0·918
No 949 85·0 0 0
Yes 168 15·0 0·23 –0·80, 1·26 0·13 –2·34, 2·60

Hours of physical activity per week 0·85 2·0 −0·27 –0·42, –0·12 < 0·001 −0·83 –1·21, –0·45 < 0·001
Hours of SB in leisure time per week 25·1 22·7 0·01 –0·01, 0·03 0·444 0·02 –0·02, 0·07 0·293
Monthly fast food consumption 2·5 4·2 −0·10 –0·20, –0·01 0·036 −0·28 –0·51, –0·06 0·013
PSQI-BR score 5·6 3·4 0·17 0·06, 0·29 0·003 0·50 0·24, 0·75 < 0·001

SB, Sedentary Behaviour; PSQI-BR, Brazilian version of the Pittsburgh Sleep Quality Index.
*Wald test for heterogeneity of proportions.
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Fig. 1 Path diagram for direct and indirect effects of Brazilian version of the Pittsburgh Sleep Quality Index (PSQI-BR) score on BMI
and waist circumference (WC) through behavioural factors in Brazilian adult women (n 1117) Rectangles represent observed var-
iables. Straight lines with an arrow indicate direct effects. Curved lines with two arrows indicate covariance. Non-standardised coef-
ficients and their respective 95% CI were reported. The 95% CI were estimated using the bootstrapping technique. Analysis was
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goodness-of-fit measures: df= 3; P-χ2 value= 0·249; Comparative Fit Index (CFI) = 1·000; Tucker-Lewis Index (TLI)= 0·993; RMSE
of Approximation (RMSEA)= 0·018; 95% CI RMSEA= 0·000–0·057; Standardized Root Mean Squared Residual (SRMR)= 0·006
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PSQI-BR score and BMI (Tables 2 and 3; Fig. 1). Regarding
WC, physical activity level was associated with lower WC
(β= –0·64; 95 % CI –1·00, –0·30). Additionally, less physical
activity showed a significant indirect effect on the associa-
tion between poor sleep quality and increased WC
(β= 0·03; 95 % CI 0·01, 0·07). The indirect effects of seden-
tary behaviour and fast food consumption on the associa-
tion between PSQI-BR score and WC were not significant
(Tables 2 and 3; Fig. 1).

Discussion

This study investigated the direct and indirect effects
of poor sleep quality on BMI and WC in a representative
sample of adult women in southern Brazil. There was
no direct effect of poor sleep quality on BMI and WC.
However, lower physical activity showed a significant
indirect effect on the association between poor sleep qual-
ity and increased WC.

Table 2 Estimated non-standardised coefficients for poor sleep quality effects on BMI and waist circumference among Brazilian adult women
(n 1117)

Characteristics Coefficients SE 95% CI P-value

BMI
PSQI-BR 0·07 0·06 −0·05, 0·19 0·238
Physical activity −0·21 0·08 −0·37, –0·07 0·005
SB in leisure time 0·01 0·01 −0·01, 0·03 0·159
Fast food consumption −0·01 0·05 −0·11, 0·09 0·787
Age 0·08 0·02 0·05, 0·11 < 0·001
Schooling −0·12 0·05 −0·22, 0·01 0·027
Working 0·17 0·42 −0·72, 0·93 0·692
Night shift 0·31 0·51 −0·70, 1·30 0·549
Moderate alcohol consumption −0·17 0·40 −0·96, 0·63 0·681
High alcohol consumption −0·77 0·76 −2·24, 0·78 0·311

R 2= 6·0%
Waist circumference
PSQI-BR 0·15 0·13 −0·11, 0·41 0·252
Physical activity −0·64 0·18 −1·00, –0·30 < 0·001
SB in leisure time 0·04 0·02 0·00, 0·08 0·061
Fast food consumption 0·03 0·11 −0·19, 0·25 0·795
Age 0·30 0·04 0·20, 0·35 < 0·001
Schooling −0·36 0·12 −0·60, –0·13 0·003
Working −0·63 0·95 −2·63, 1·08 0·507
Night shift 0·56 1·18 −1·74, 2·90 0·636
Moderate alcohol consumption −0·42 0·90 −2·19, 1·38 0·645
High alcohol consumption −2·63 1·71 −6·00, 0·85 0·123

R 2= 11·8%
Physical activity
PSQI-BR −0·05 0·02 −0·09, –0·01 0·006
Age 0·02 0·01 0·01, 0·03 < 0·001
Schooling 0·11 0·02 0·08, 0·15 < 0·001
Working −0·25 0·12 −0·45, 0·03 0·092
Night shift −0·06 0·17 −0·38, 0·28 0·700
Moderate alcohol consumption 0·26 0·12 0·03, 0·49 0·027
High alcohol consumption 0·80 0·32 0·22, 1·46 0·012

R 2= 6·9%
SB in leisure time
PSQI-BR 0·43 0·22 −0·01, 0·90 0·053
Age −0·19 0·06 −0·30, –0·07 0·002
Schooling 0·43 0·19 0·07, 0·81 0·021
Working −13·6 1·49 −16·6, –10·7 < 0·001
Night shift 2·88 2·43 −1·66, 7·84 0·236
Moderate alcohol consumption 2·73 1·39 −0·06, 5·41 0·050
High alcohol consumption 12·3 3·66 5·43, 19·7 0·001

R 2= 11·2%
Fast food consumption
PSQI-BR 0·02 0·04 −0·06, 0·10 0·697
Age −0·06 0·01 −0·08, –0·04 < 0·001
Schooling 0·10 0·03 0·03, 0·16 0·005
Working 0·29 0·25 −0·22, 0·79 0·257
Night shift 0·60 0·41 −0·19, 1·47 0·146
Moderate alcohol consumption 0·21 0·27 −0·31, 0·73 0·429
High alcohol consumption 1·28 0·62 0·11, 2·52 0·039

R 2= 8·5%

PSQI-BR, Brazilian version of the Pittsburgh Sleep Quality Index; SB, sedentary behaviour.
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Themean BMI of this sample was higher compared with
other international and national results in women; previous
data revealed a mean of approximately 26·1 kg/m2 in
Brazilian adult women, for example(1). We hypothesised
that this may be because the prevalence of physically active
women was lower. In our study, only 14·4 % were suffi-
ciently active (>150 min/week), whereas in Brazilian
national studies, it was between 30 and 45 %(32,33).

Physical inactivity is one of the possible factors in which
inadequate sleep may result in obesity; poor sleep quality
may cause fatigue during the day, resulting in restricted
daily activities and decreased energy expenditure.
Similarly, a previous study showed that physical activity
has an indirect effect on the association of sleep quality
with BMI(34). Three indirect paths were observed in these
associations: those with poor sleep quality, frequent sleep
disorders and long-term sleep deprivation had a higher
BMI because of low physical activity. However, there
was no significant indirect effect for WC(34).

The relationship between sleep and physical activity has
been explored. Sleep restriction (5·5 h/d) showed a reduc-
tion of 31 % in the step count and 24 % in the practice of
moderate and vigorous physical activity compared with
the control group (8·5 h of sleep per d) in a 1-week experi-
ment(18). For example, young Croatian adults with poor
sleep quality (PSQI score> 5) were 46 % more likely
to be insufficiently active than those with good sleep
quality(19). In a North American longitudinal study, those
individuals who reported better sleep quality at baseline
showed a higher physical activity level at the end of the
study(20). In addition, in a longitudinal study, Finnish adults
with frequent symptoms of insomnia at baseline had a 27 %
higher chance of being physically inactive at the end of the
follow-up period(22).

There was no significant indirect association between
sedentary behaviour and fast food consumption in this

study. This may have occurred because the monthly fast
food consumption reported was below expectations; for
example, a Brazilian study estimated that 23 % of total ener-
getic intake came from ultraprocessed foods(35). Also, a
lower fast food consumption has been observed among
Brazilianwomenwith economic disadvantage, and in older
women (aged 40 years or over)(35,36). This aspect may
partly explain the low fast food consumption in this study
sample. Moreover, fast food consumption and sedentary
behaviour showed a high SD in this study.

Despite the above-mentioned results, previous stud-
ies found significant results. An increase in the PSQI
score was associated with an increase in BMI through
greater disinhibition of eating in adults from the USA,
for example(37). Binge eating disorder partially mediated
the association between poorer sleep quality (higher
PSQI score) and higher BMI among Australian adults(38).
Sedentary work-related behaviour mediated the associa-
tion between sleep duration and obesity in European
adults(17). In addition, African-American adults with short
sleep (≤6 h/d) had a higher BMI through sedentary
behaviour(6).

There was no significant direct association of poor sleep
quality with BMI and WC in this study. Other studies
also did not show this association in adult women(39,40);
however, a significant association was previously reported
in men(39). It is possible that women are more resilient
to poor sleep effects than men and, therefore, require a
greater degree of exposure to be affected(41).

Among the strengths of this study are the represent-
ative population-based design and the large sample size.
Moreover, we used a validated instrument to identify multi-
ple components of sleep quality and to test a mechanism
that could explain the relationship between inadequate
sleep and anthropometric measurements, considering
behavioural factors as intermediate variables. Nevertheless,
some limitations should be noted. First, the assessment of
sleep quality was subjective and possibly influenced by
response bias and inaccuracy; participants could under-
estimate sleep problems in relation to instruments that
objectively assess sleep, such as actigraphy and polysom-
nography. Second, information about recent pregnancy or
child rearing were not collected; this could influence the
association between poor sleep quality and anthropomet-
ric measurements. Third, despite statistical significance, the
magnitudes of the associations were low; however, our
outcomes were prevalent, not diminishing the importance
of the findings. Finally, because it is a cross-sectional study,
a causal relationship was not established. Thus, there is the
possibility of a reverse causality bias for associations. It is
known that the association between sleep and obesity
can be bidirectional, for example(42). Individuals with
obesity may havemore sleep problems, such as obstructive
apnoea syndrome(43). However, a previous study revealed
that the effect of obesity on poor sleep quality was less
robust and consistent(44). The association between sleep

Table 3 Estimated coefficients for poor sleep quality effects on BMI
and waist circumference via behavioural factors among Brazilian
adult women (n 1117)

Coefficient SE 95% CI P-value

BMI
Total effect 0·09 0·06 −0·03, 0·20 0·139
Total indirect effect 0·02 0·01 0·00, 0·04 0·045
Through:
Physical activity 0·01 0·01 0·00, 0·02 0·051
SB in leisure time 0·01 0·01 −0·00, 0·02 0·312
Fast food
consumption

0·00 0·00 −0·01, 0·01 0·924

Waist circumference
Total effect 0·20 0·13 −0·06, 0·46 0·125
Total indirect effect 0·05 0·02 0·02, 0·10 0·016
Through:
Physical activity 0·03 0·02 0·01, 0·07 0·026
SB in leisure time 0·02 0·01 −0·00, 0·05 0·228
Fast food
consumption

0·00 0·01 −0·01, 0·01 0·930

SB, sedentary behaviour.
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and physical activity can also be bidirectional. The practice
of physical activity could be linked to significant effects on
sleep; however, most of these associations explored sleep
duration(45). Additionally, the other two longitudinal studies
demonstrated only a significant effect of sleep problems on
the practice of physical activity; that is, the inverse associ-
ation was not significant(20,22). Even so, our results can
support the formulation of hypotheses to be tested by
longitudinal studies using objective instruments to assess
sleep quality.

The present study identified direct and indirect effects
on the association between poor sleep quality and
anthropometric measurements in adult women. This is
the first study that revealed a significant indirect effect of
low physical activity level on the association between poor
sleep quality and increased WC in women. Taking into
account the multifactorial aetiology involved in the devel-
opment of abdominal obesity, this study highlights the
causal chain of this condition as well as the importance
of prevention strategies.
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