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Abstract
Purpose  This study tried at identifying lifestyle patterns in a sample of Lebanese adults and investigating their association 
with metabolically healthy overweight and obesity (MHOv/O).
Methods  This study used data from a community-based survey of Lebanese adults living in Greater Beirut (n = 305). 
Dietary intake was assessed using an 80-item food frequency questionnaire. MHOv/O was defined as having one or none 
of the following metabolic abnormalities: triglycerides ≥ 150 mg/dL; systolic blood pressure ≥ 130 mmHg; diastolic blood 
pressure ≥ 85 mmHg; fasting blood glucose ≥ 100 mg/dL; HDL-cholesterol < 40 mg/dL for men and < 50 mg/dL for women. 
201 subjects were overweight/obese and 98 had MHOv/O. Factor analysis was implemented to derive lifestyle patterns.
Results  Two lifestyle patterns were identified: the unhealthy lifestyle pattern, which included foods such as fast food and 
soft drinks and was characterized by alcohol consumption and cigarette smoking. Eating at home loaded negatively on this 
pattern. The healthy lifestyle pattern was characterized by positive loadings of food groups such as milk and dairy products, 
fruits, vegetables and legumes. Sleep difficulties loaded negatively on this pattern, while vigorous and moderate physical 
activity loaded positively. Multiple logistic regression analyses showed that subjects belonging to the 3rd tertile of the healthy 
pattern scores had higher odds of MHOv/O as compared to those in the 1st tertile (OR 2.33, CI 1.04–4.81).
Conclusions  Findings of this study provided evidence on the combined effect of lifestyle patterns in relation to cardiometa-
bolic abnormalities and highlighted the importance of focusing on ‘holistic’ lifestyle pattern modifications in designing and 
implementing prevention interventions in overweight and obese subjects.
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Introduction

Obesity is a well-known risk factor for numerous meta-
bolic disorders, including insulin resistance (IR), hyper-
glycemia [1], hypertension [2, 3] and dyslipidemia, which 
may contribute to increased morbidity and mortality [4–6]. 
However, a number of studies have shown that a subset 
of overweight and obese individuals do not develop such 
metabolic disorders and are thus considered to have a 
metabolically healthy phenotype (MHP) [7, 8]. There is a 
lack of consensus on the definition of this phenotype, with 
several definitions having been proposed in the literature 
[9]. In some studies, MHP was defined as having one or 
none of the metabolic abnormalities specified by the adult 
treatment panel III [9, 10], while in others, C-reactive pro-
tein (CRP) was included among the criteria identifying 
this phenotype [11, 12]. Other definitions were based on 
the absence of insulin resistance as assessed by HOMA 
[13] or on oral glucose tolerance based on the Matsuda 
index [13, 14]. Despite the lack of consensus on the defi-
nition of MHP, this phenotype is usually characterized 
by favorable metabolic profiles such as insulin sensitiv-
ity, normal blood pressure and lipid profiles [15]. Other 
protective factors that were identified among individuals 
with MHP comprised lower circulating levels of CRP 
[16] and higher levels of adiponectin compared to their 
metabolically unhealthy counterparts [17]. Furthermore, 
it has been suggested that metabolically healthy obese and 
overweight individuals may have a lower risk of mortality 
and a better prognosis than their metabolically unhealthy 
counterparts [18, 19]. These differences were noted across 
different definitions of MHP [5]. The prevalence of MHP 
was reported to vary between 7 and 74%, depending on the 
definition used to identify this phenotype, the age of the 
population and the inclusion of both overweight and obese 
or strictly obese subjects [9, 11, 20–22].

Metabolically heathy overweight and obesity may have 
a genetic basis, but recent evidence suggested that lifestyle 
factors may also play an important role in the etiology 
of this phenotype [20, 23, 24]. More specifically, dietary 
intake, physical activity, sleep, smoking and alcohol drink-
ing were found to be associated with cardiometabolic 
health in overweight and obese subjects [25, 26]. How-
ever, the evidence regarding these associations remains 
inconclusive [25–27]. It is worth noting that dietary and 
lifestyle factors often exert their effects on cardiometa-
bolic health in a synergistic or even cumulative manner, 
which would not be reflected when examining each factor 
individually [28, 29]. In many studies that investigated 
single lifestyle factors, sophisticated statistical techniques 
such as multiple linear and logistic regression models were 
adopted to account for the interaction and synergistic 

effects between these factors [20, 22, 23, 25, 26, 30–32]. 
However, an alternative approach in nutritional epidemiol-
ogy may allow for a more holistic investigation of MHP 
determinants, whereby “lifestyle patterns” may be exam-
ined in relation to metabolic health. This approach has 
been adopted by some studies that investigated adipos-
ity [33, 34], metabolic syndrome [28], diabetes [35] and 
hypertension [29, 36], but none of these studies investi-
gated lifestyle patterns and their association with MHP in 
overweight and obese subjects.

In Lebanon, similar to other countries of the Eastern Med-
iterranean region, the rates of adult overweight and obesity 
were found to follow an increasing secular trend, escalating 
from 54.4 to 65.0% during the past decade [37]. Previous 
research conducted by our group has shown that more than 
one-third of Lebanese overweight and obese adults were 
metabolically healthy and that this phenotype was positively 
associated with the Traditional-Lebanese dietary pattern 
[20]. However, to better capture “real life” associations and 
implications, it is crucial to investigate combined “lifestyle 
patterns” in relation to metabolic health in overweight and 
obese subjects. The adoption of such an integrated holistic 
approach was highlighted as a priority research area by a 
recent scoping review on nutrition and non-communicable 
diseases in the Arab world [38]. In this context, this study 
aims to (1) identify and characterize lifestyle patterns in a 
sample of Lebanese adults, including normal, overweight 
and obese adults; (2) investigate the association of these pat-
terns with metabolic health among overweight and obese 
adults; and (3) examine the sociodemographic correlates of 
the identified patterns in the overall population. Findings of 
this study can be used for the development of holistic, cul-
turally sensitive, evidence-based intervention strategies that 
contribute to better cardiometabolic health in overweight 
and obese subjects and hence may help reduce their morbid-
ity and mortality risks [30].

Methodology

This study used data from a community-based survey of 
Lebanese adults living in Beirut and its suburbs (also known 
as the Greater Beirut area). Data collection spanned over 
3 months extending from March until May of 2014. The 
Institutional Review Board (IRB) of the American Univer-
sity of Beirut reviewed the survey protocol and granted it 
approval under the following protocol number (IM.HT.03). 
All subjects agreeing to take part in the study provided a 
signed written consent form.
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Study participants

Study participants were selected to constitute a representa-
tive sample of all adults living in the Greater Beirut area. 
The recruitment of participants was carried out using a 
door-to-door approach. A multistage stratified probability 
sampling frame was used to select the households, whereby 
the strata were districts of the Greater Beirut area, and 
within each district, neighborhoods and then households 
were selected based on a systematic random sampling. Fur-
ther details about the sampling are described in Nasreddine 
et al. [39]. If more than one adult respondent were present 
in the selected household, the youngest eligible adult was 
invited to participate. To be eligible to take part in the sur-
vey, the subject had to be 18 years of age or older with pri-
mary residence located in Greater Beirut Area. Exclusion 
criteria included adults with kidney disease and undergoing 
dialysis, mentally ill or pregnant. Individuals working in a 
plastic or any other chemical company were also excluded, 
given that the original survey aimed to investigate exposure 
to Bisphenol A.

To be included in the present study, subjects had to have 
complete anthropometric, biochemical and dietary data. 
Subjects who have reported the diagnosis of one or more 
chronic disease or metabolic abnormalities that may have 
affected their dietary or lifestyle habits were excluded: 
diabetes (n = 64), dyslipidemia (n = 120) or hypertension 
(n = 119). Therefore, of the original 501 subjects partici-
pating in the survey, a total of 305 were included in this 
study, of whom 201 subjects were either overweight (25 kg/
m2 < BMI ≤ 29.9 kg/m2; n = 108) or obese (BMI ≥ 30 kg/m2; 
n = 91).

Study protocol and data collection

Following the household visits, subjects consenting to take 
part in the study were asked to visit the Department of Nutri-
tion and Food Sciences, American University of Beirut, 
where data collection took place. For this visit, subjects were 
instructed to bring any medication they were taking and to 
come following a 10-h fast. Data collection included (1) 
sociodemographic questionnaire, (2) dietary intake assess-
ment, (3) anthropometric measurements as well as (4) bio-
chemical assessments. All aspects of data collection were 
conducted by trained field workers.

Sociodemographic and lifestyle questionnaire

During a one-to-one interview and using the sociodemo-
graphic and lifestyle questionnaire, information was obtained 
regarding age (in years), sex (male, female), education level 
(up to intermediate, secondary or technical and university), 
crowding index (calculated as the ratio of individuals living 

in the house over the number of rooms in the house-exclud-
ing kitchen and bathrooms), marital status (single-including 
not married, widowed, separated and divorced- and mar-
ried), family history of cardiovascular diseases (CVD). As 
for the lifestyle factors, information was collected regarding 
eating at home, current smoking status, physical activity, 
sleep difficulties, drinking water and alcohol consumption. 
For ‘eating at home’, participants were asked to indicate the 
frequency of consuming the main meal of the day at home, 
using five choices: never, rarely (1 time/week–2 times per 
month); few times (2–3 times per week); most of the times 
(4–5 times per week); and always (6–7 times per week). 
For smoking, subjects were grouped as either nonsmokers 
or current smokers. In addition, among smokers, informa-
tion was collected with regard to the number of cigarettes 
smoked per day. Physical activity was assessed using the 
Arabic short version of the International Physical Activity 
Questionnaire (IPAQ) [40], whereby physical activity was 
calculated by weighting each type of activity by its energy 
requirements defined in MET-minutes (multiples of the rest-
ing metabolic rate for an activity multiplied by the minutes 
performed). Based on METS-min per week, three variables 
of physical activity were derived, including light, moderate 
and vigorous intensity [40]. Sleep difficulties were examined 
using the following question: ‘Do you wake up during the 
night and have difficulty resuming sleep?’. Subjects were 
given 6 frequency options: never, rarely, once per month, 
2–4 times per month, frequently 5–15 per month and almost 
always 16–30/month. Water intake was assessed by asking 
the participants ‘how many times per day do you drink one 
cup of water’ and was shown a standard cup (250 mL) as 
reference. Alcohol consumption was reported as either ‘con-
sumes alcohol’ or ‘does not consume alcohol’.

Dietary intake assessment

During the same interview, participants completed a culture-
specific 80-item semi quantitative Food Frequency Ques-
tionnaire (FFQ), referring to the subject’s dietary intake dur-
ing the year preceding the interview. These 80 items were 
chosen as a comprehensive representation of the Lebanese 
diet. Further details about the development of the original 
questionnaire were described elsewhere [41]. The FFQ used 
in the study collected information about the amount of food 
consumed as well as the frequency of consumption. To 
assist participants in the estimation of the amount of food 
consumed, the two-dimensional food portion visual (Millen 
and Morgan, Nutrition Consulting Enterprises, Framingham, 
MA, USA) was used [42]. Whenever applicable, common 
household measures were also used in the estimation of the 
portion size. As for the frequency of consumption of each 
food item, five options were included in the FFQ: per day, 
per week, per month, per year or never. Participants had the 
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choice to report their intake in terms of a reference portion 
size or in grams. The daily intake of each food items was 
then derived from its reported frequency of consumption. 
Total energy intake was computed using the food composi-
tion database of the Nutritionist ProTM software (Axxya 
Systems LLC, Stafford, TX, USA). In order to prepare the 
dietary intake data for the derivation of lifestyle patterns, the 
80 food items of the FFQ were grouped into 13 food groups. 
The grouping of the food items was carried out taking into 
account the nutrient profile of the food items and/or their 
culinary usages (“Appendix 1”). For each food group, the 
total consumption was calculated by adding the daily intake 
of servings from each item in this group.

Anthropometric measurements

Anthropometric measurements including weight, height, 
and waist circumference were obtained using standard tech-
niques and as described in Nasreddine et al. [39]. The body 
mass index (BMI) was calculated as the ratio of weight (kg) 
to square of height (m2). Systolic and diastolic blood pres-
sure measurements were taken two times, while the partici-
pants were seated, using a digital sphygmomanometer, at 
10-min intervals. The mean of the two measurements was 
used in this study.

Biochemical assessments

During the visit and at the Nutrition and Food Sciences 
department, a 15-mL sample of blood was collected by a 
trained phlebotomist. The biochemical assessments con-
ducted were: fasting glucose levels using the enzymatic 
method and levels of triglycerides (TG) and HDL-C using 
the enzymatic spectrophotometric technique. Further details 
about the equipment used in the assays are described else-
where [39].

MHOv/O classification

Although MHOv/O referred typically to the phenotype of 
overweight and obese individuals who do not present meta-
bolic abnormalities, no agreement exists on the definition 
of MHOv/O [43]. In this study, the adult treatment panel 
criteria for the metabolic syndrome (ATP-III) were used 
[10]. Accordingly, an overweight or obese subject was clas-
sified as MHOv/O if he/she had one or none of the following 
metabolic abnormalities [9, 11]: TG ≥ 150 mg/dL; systolic 
blood pressure (BP) ≥ 130 mmHg; diastolic blood pres-
sure ≥ 85 mmHg; fasting blood glucose ≥ 100 mg/dL; and 
HDL- cholesterol < 40 mg/dL for men and < 50 mg/dL for 
women. Furthermore, in order to be classified as MHOv/O, 
subjects must not be on any relevant therapy for the met-
abolic syndrome-associated morbidities of established 

diabetes, hypertension, hyperlipidemia, CVD, or cerebro-
vascular disease, liver or renal disease and obstructive sleep 
apnea. The latter criterion, however, was of little relevance 
given that participation in this study was restricted to sub-
jects with no known diagnosis of disease. Overweight and 
obese subjects presenting more than one of the aforemen-
tioned metabolic conditions were classified as metabolically 
unhealthy overweight and obese (MUHOv/O).

Derivation of lifestyle patterns

In order to examine the lifestyle patterns in the study popula-
tion, variables related to dietary intake, eating at home, alco-
hol consumption, drinking water, sleep difficulties, current 
smoking status and physical activity were entered into the 
factor analysis (FA). Physical activity was used as a continu-
ous variable, expressed in MET-minutes. The FA was car-
ried out with a Varimax rotation of patterns, where the axes 
are maintained at 90°. A few diagnostics of the data were 
conducted prior to running the FA and included examination 
of the correlation matrix between all the variables: the Kai-
ser–Meyer–Olkin test (> 0.7) and the Chi square for Bartlett 
test of sphericity (p < 0.05). The number of patterns to be 
retained depended on (1) the Kaiser criterion (eigenvalue 
greater than 1), (2) the scree plot (inflection point) and (3) 
relevance and interpretability of the patterns. For all par-
ticipants and for each pattern, scores were calculated using 
the least squares regression method where for each pattern 
the mean was equal to zero. Each participant had a score on 
each of the two patterns. For a participant, the higher his/her 
pattern score indicated higher adherence to this particular 
pattern. Factor loadings indicated the strength and direc-
tion of the association between the lifestyle variables and 
the identified patterns. For each pattern, participants were 
grouped into tertiles of pattern scores. For the naming of the 
patterns, lifestyle variables with a factor score greater than 
0.3 were considered [44]. In case a variable had factor load-
ings > 0.3 on more than one of the identified patterns, the 
pattern with the highest loading was considered for labeling. 
The dietary and lifestyle variables were standardized before 
entry into the FA.

Statistical analyses

For the purpose of evaluating the associations of lifestyle 
patterns and odds of metabolic health, the derivation of 
the patterns was conducted among overweight and obese 
subjects only. The availability of 201 overweight and obese 
participants allowed for the detection of an OR 2.362 (effect 
size) with a power of 80% and a 5% margin of errors [45].

Participants’ characteristics were presented through 
mean ± SD and proportions for continuous and categorical 
variables, respectively (n = 305). Of these characteristics, 
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none of the continuous variables used was found to have 
a normal distribution (as per the Shapiro test, skewness 
and Q–Q plots). Therefore, Kruskal–Wallis tests were used 
to compare these variables among study participants. Chi 
square test was used to compare categorical variables. In 
order to examine the association among the identified life-
style patterns with MHOv/O, logistic regression was con-
ducted, with the MHOv/O as outcome variable and the 
tertiles of the patterns as independent variables. In the mul-
tiple logistic regression models, variables found to be sig-
nificantly associated with MHOv/O in the univariate analy-
ses were included in the model, in addition to the pattern’s 
tertiles. The association of each of the identified patterns 
with MHOv/O was examined using separate logistic regres-
sions models. For the associations among the patterns and 
MHOv/O, only overweight and obese subjects were included 
(n = 201). Multiple logistic regression analyses were used 
to investigate correlates of the identified lifestyle patterns. 
For each pattern, the regression model included adherence 
to the pattern score as outcome variable (belonging to the 
3rd tertile of the pattern score) and the sociodemographic 
characteristics as the independent variables. A p value < 0.05 
was used to indicate statistical significance. The Statistical 
Package for Social Sciences (SPSS) version 22 (IBM Corp. 
Released 2013. IBM SPSS Statistics for Windows, Version 
22.0. IBM Corp: Armonk, NY, USA) was used for data 
cleaning, management and analyses. Data cleaning referred 
to identifying and removing (or correcting) inaccurate 
entries from the data set before conducting the statistical 
analyses.

Results

In this study, among overweight and obese subjects 
(n = 201), 103 subjects (51.24%) were MUHOv/O. Sub-
jects’ characteristics including sociodemographic and life-
style characteristics, anthropometric measurements as well 
as prevalence of metabolic abnormalities are presented in 
Table 1. Mean age was 39.35 ± 13.84 years, with normal 
weight subjects significantly younger than both MHOv/O 
and MUHOv/O subjects. In the study population, 38.7% and 
61.3% were males and females, respectively. The proportion 
of females, as compared to males, within the MHOv/O group 
was higher than normal weight and MUHOv/O groups. A 
considerable proportion of the study population (57.4%) 
had an education level ‘up to intermediate’ with only 14.9% 
attaining the university level. There was no significant differ-
ence in the education level between the three groups. On the 
other hand, crowding index, another indicator of socioeco-
nomic status (SES), showed significant difference between 
the three groups studied, whereby among MHOv/O sub-
jects, the proportion with a crowding index < 2 was lower as 

compared to normal weight and MUHO/O groups. MHOv/O 
subjects had also significantly lower energy intake as com-
pared to the MHUOv/O and normal weight subjects. Normal 
weight subjects had significantly lower waist circumference 
compared to both MHOv/O and MUHOv/O groups. The 
levels of blood glucose, TG and HDL-C did not differ sig-
nificantly between normal weight and MHOv/O groups, but 
subjects with MUHOv/O had significantly higher levels of 
blood glucose and TG and lower levels of HDL-C. There 
were statistically significant differences between the groups 
in the proportions of subjects with elevated blood glucose, 
TG and HDL-C (Table 1).

Table 2 displayed the results of the FA and showed the 
factor loadings of the various lifestyle variables on the pat-
terns identified. In this study, two lifestyle patterns emerged: 
the unhealthy lifestyle pattern and the healthy lifestyle pat-
tern. The main dietary food groups that characterized the 
unhealthy lifestyle pattern and their factor loadings were 
fast food (0.75), sugar-sweetened beverages (SSB) (0.73), 
condiments (0.63) and meat, poultry and sausages (0.56). 
Eating at home loaded negatively on this pattern (− 0.66), 
while alcohol consumption (0.50) and cigarette smoking 
(0.25) both loaded positively. The healthy lifestyle pattern 
was characterized by positive loadings of the following food 
groups: milk and dairy products (0.58), fruits, vegetables 
and legumes (0.56), fish (0.53) and vegetable oils (0.41). 
Sleep difficulties loaded negatively on the healthy lifestyle 
pattern (− 0.40), while vigorous and moderate physical 
activity had a positive loadings (0.45 and 0.42, respectively) 
(Table 2).

The associations among the lifestyle patterns identified 
and the odds of metabolic health were examined among the 
overweight and obese subjects, using logistic regression 
models (n = 201) (Table 3). In the age- and sex-adjusted 
model, subjects who belonged to the 3rd tertile of the scores 
for the healthy lifestyle pattern had significantly higher odds 
(OR 2.32, 95% CI 1.11–4.86) of belonging to the MHOv/O 
group as compared to those who belonged to the 1st tertile. 
This association was maintained after adjustment for the 
variables that showed significant associations with meta-
bolic health in the univariate analysis of Table 1 and which 
included age, sex, crowding index, marital status and caloric 
intake. In this multivariate model, the odds of metabolic 
health was 2.23 times higher among overweight and obese 
subjects who belonged to the 3rd tertile of the healthy pat-
tern as compared to those in the 1st tertile (OR 2.23, 95% 
CI 1.04–4.81). No associations were observed between 
adherence to the unhealthy lifestyle pattern and the odds of 
metabolic health in either of the logistic regression models 
(Table 3).

The associations of the sociodemographic characteristics 
with the identified lifestyle patterns were examined among 
study participants (n = 305), using logistic regression models. 



2150	 European Journal of Nutrition (2020) 59:2145–2158

1 3

Table 1   Characteristics of the study population (n = 305)

Variables Overall (n = 305) Normal weight (n = 104) MHOv/O (n = 98) MUHov/O (n = 103) p valuesa

Age (years) 39.35 ± 13.84 34.98 ± 13.50g 39.52 ± 11.85h 43.61 ± 14.67h 3.8 × 10−5

Sex
 Males 118 (38.7) 44 (42.3) 19 (19.4) 55 (53.4) 3 × 10−6

 Females 187 (61.3) 60 (57.7) 79 (80.6) 48 (46.6)
Level of education
 Up to intermediate 174 (57.4) 47 (45.2) 58 (60.4) 69 (67.0) 0.001
 Secondary/technical 84 (27.7) 30 (28.8) 27 (28.1) 27 (26.2)
 University 45 (14.9) 27 (26.0) 11 (11.5) 7 (6.8)

Crowding index 0.008
 < 2 215 (70.5) 82 (78.8) 58 (59.2) 75 (72.8)
 ≥ 2 90 (29.5) 22 (21.2) 40 (40.8) 28 (27.2)

Marital status
 Singleb 110 (36.1) 48 (46.2) 23 (23.5) 39 (37.9) 0.003
 Married 195 (63.9) 56 (53.8) 75 (76.5) 64 (62.1)

Family history of CVD
 No 191 (62.6) 71 (68.3) 61 (62.2) 59 (57.3) 0.262
 Yes 114 (37.4) 33 (31.7) 37 (37.8) 44 (42.7)

Eating at homec

 Never 10 (3.3) 4 (3.9) 3 (3.1) 3 (3.0) 0.261
 Rarely 15 (5.0) 6 (5.8) 4 (4.1) 5 (5.0)
 Few times 43 (14.3) 21 (20.4) 7 (7.2) 15 (14.9)
 Most of the times 103 (34.2) 36 (35.0) 37 (38.1) 30 (29.7)
 Always 130 (43.2) 36 (35.0) 46 (47.4) 48 (47.5)

Current smoking status (number of cigarettes) 0.145
 0 171 (56.6) 53 (51.0) 60 (61.9) 58 (57.4)
 1–20 89 (29.5) 38 (36.5) 27 (27.8) 24 (23.8)
 > 20 42 (13.9) 13 (12.5) 10 (10.3) 19 (18.8)

Light activity (MET-min per week) 1345.80 ± 1431.64 1615.10 ± 1615.84 1256.56 ± 1251.43 1158.81 ± 1365.97 0.120
Moderate activity (MET-min per week) 193.71 ± 601.37 218.08 ± 494.64g 265.31 ± 865.57g,i 100.97 ± 322.63i 0.022
Vigorous activity (MET-min per week) 372.20 ± 1429.53 403.85 ± 1167.29 355.10 ± 1585.71 356.51 ± 1523.78 0.254
Sleeping difficultiesd 0.122
 Never 80 (26.2) 28 (26.9) 26 (26.5) 26 (25.2)
 Rarely 22 (7.2) 4 (3.8) 8 (8.2) 10 (9.7)
 Sometimes 39 (12.8) 13 (12.5) 11 (11.2) 15 (14.6)
 Frequently 34 (11.1) 19 (18.3) 5 (5.1) 10 (9.7)
 Almost always 130 (42.6) 40 (38.5) 48 (49.0) 42 (40.8)

Water (serving/day) 5.09 ± 4.58 4.42 ± 3.40 6.26 ± 5.25 5.59 ± 4.87 0.104
Energy intake (kcal/day) 3629.9 ± 2018.5 3940.8 ± 2276.5h 3217.1 ± 1728.7g 3708.9 ± 1949.2h 0.029
Alcohol consumption 0.026
 No 238 (78.0) 74 (71.2) 85 (86.7) 79 (76.6)
 Yes 67 (22.0) 30 (28.8) 13 (13.3) 24 (23.3)

Body mass index 27.69 ± 5.58 22.15 ± 1.85g 29.33 ± 4.18h 31.73 ± 4.7i 3.72 × 10−47

Blood glucose level (mg/dL) 98.34 ± 13.08 94.94 ± 7.47g 94.93 ± 8.07g 105.06 ± 18.0h 2.18 × 10−11

 Normal 195 (64.4) 76 (73.1) 80 (82.5) 39 (38.2) 4.46 × 10−11

 ElevatedA 108 (35.6) 28 (26.9) 17 (17.5) 63 (61.8)
Triglycerides level (mg/dL) 121.25 ± 72.20 98.22 ± 59.90g 95.13 ± 39.8g 169.09 ± 82.8h 8.40 × 10−15

 Normal 221 (72.7) 87 (83.7) 89 (91.8) 45 (43.7) 1.99 × 10−15

 ElevatedB 83 (27.3) 17 (16.3) 8 (8.2) 58 (56.3)
HDL-C (mg/dL) 51.03 ± 15.63 53.95 ± 16.01g 56.87 ± 15.4g 42.59 ± 11.3h 3.95 × 10−14

 Normal 100 (32.8) 77 (74.0) 73 (75.3) 39 (37.9) 3.13 × 10−9
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For the unhealthy lifestyle pattern, older subjects had signifi-
cantly lower odds of adherence (OR 0.93, 95% CI 0.89–0.96), 
so did females as compared to males (OR 0.24, 95% CI 
0.10–0.61). As for the healthy pattern, a higher crowding index 
was associated with lower adherence to this pattern (OR 0.48, 
95% CI 0.24–0.93) (Table 4).

Table 1   (continued)

Variables Overall (n = 305) Normal weight (n = 104) MHOv/O (n = 98) MUHov/O (n = 103) p valuesa

 LowC 205 (67.2) 27 (26.0) 24 (24.7) 64 (62.1)
Waist circumference (cm) 91.63 ± 13.41 79.50 ± 8.60g 93.56 ± 9.59h 102.04 ± 10.5i 1.15 × 10−34

 Normal 100 (32.8) 81 (77.9) 12 (12.2) 7 (6.8) 1.69 × 10−32

 ElevatedD 205 (67.2) 23 (22.1) 86 (87.8) 96 (93.2)
Blood pressure
 Normal 219 (72.0) 84 (81.6) 91 (92.9) 44 (42.7) 7.41 × 10−16

 ElevatedE 85 (28.0) 19 (18.4) 7 (7.1) 59 (57.3)

Continuous variables are expressed as Mean ± SD, and categorical variables are expressed as n (%). Values with different superscripts are signifi-
cantly different at p < 0.05
CVD cardio vascular diseases
a p value was drawn from the comparison of Normal, MHOv/O and MUHOv/O, using Kruskal–Wallis test
b Included widowed, divorced, engaged
c Rarely (1 time/week–2 times per month); few times (2–3 times per week); most of the times (4–5 times per week); and always (6–7 times per 
week)
d Rarely (once/month); sometimes (2–4/month); frequently (5–15/month); and almost always (16–30/month)
A Elevated blood glucose: ≥ 100 mg/dL
B Elevated TG: ≥ 150 mg/dL
C Low blood HDL: less than 40 mg/dL in men and less than 50 mg/dL in women
D Enlarged waist circumference: ≥ 94 cm in men and ≥ 80 cm in women
E Elevated blood pressure : systolic blood pressure ≥ 130 mmHg and/or a diastolic blood pressure ≥ 85 mmHg

Table 2   Factor loading matrix of the lifestyle patterns identified 
among study participants (n = 305)

Lifestyle variables Lifestyle patterns

Unhealthy Healthy

Fast food 0.75 0.01
Sugar-sweetened beverages 0.73 − 0.09
Eating at home − 0.66 − 0.25
Condiments 0.63 0.02
Meat, poultry and sausages 0.56 0.23
Alcohol 0.50 0.25
Refined grains and sweets 0.50 0.20
Eggs 0.39 − 0.01
Coffee 0.29 − 0.18
Smoking 0.25 − 0.03
Light physical activity − 0.13 0.04
Milk and dairy products 0.11 0.58
Whole grains − 0.13 0.56
Fruits, vegetables and legumes 0.27 0.56
Fish 0.29 0.53
Vigorous physical activity − 0.01 0.45
Moderate physical activity 0.07 0.42
Vegetable oils − 0.04 0.41
Sleeping difficulties 0.16 − 0.40
Drinking water − 0.08 0.39
Butter ghee 0.05 0.09
Variance explained 15.67% 11.35%

Table 3   Odds of metabolic health among overweight and obese study 
participants, by tertiles of lifestyle patterns scores (n = 201)

Numbers in bold face are statistically significant (p-value ≤ 0.05)
a Adjusted for age, sex, crowding index, marital status and caloric 
intake

MHOv/O/
MUHov/O

Age and sex adjusted Multi-variate 
adjustmenta

Unhealthy pattern
 Tertile 1 43/32 1 1
 Tertile 2 33/33 0.61 (0.30–1.22) 0.54 (0.26–1.14)
 Tertile 3 24/38 0.70 (0.31–1.61) 0.64 (0.27–1.53) 

Healthy pattern
 Tertile 1 31/35 1 1
 Tertile 2 35/36 1.18 (0.60–2.32) 1.23 (0.60–2.50)
 Tertile 3 32/33 2.32 (1.11–4.86) 2.23 (1.04–4.81)
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Discussion

To our knowledge, this study is the first to examine the asso-
ciation between lifestyle patterns and the MHOv/O pheno-
type. Two major lifestyle patterns were identified in our 
study population: (1) the unhealthy and (2) the healthy pat-
terns, with only the latter being associated with MHOv/O. 
Unlike the traditional methods in nutritional epidemiology, 
the lifestyle pattern approach transcends reductionism in 
nutrition research and confers a holistic lens in the investi-
gation of metabolic abnormalities that are multifactorial in 
nature [46]. Instead of examining one lifestyle factor alone 
(diet, physical activity, smoking, alcohol drinking and sleep 
habits) and its association with metabolic health, this holistic 
approach investigates the whole lifestyle pattern and the cir-
cular causalities that may exist between the various risk fac-
tors [28]. Accordingly, a lifestyle pattern is not to be viewed 
as the sum of each risk factor alone but is rather perceived 
as the dynamic interaction between them [28]. This indicates 
that the effect of a lifestyle pattern on cardiometabolic health 
would exceed that of any of its parts (dietary, physical activ-
ity, alcohol drinking, smoking and sleep) and could thus 
capture more ‘real life’ associations and implications [28]. 
Therefore, the significance of this study is in combining 
dietary, physical activity, alcohol drinking, current smok-
ing status and sleep characteristics into lifestyle patterns and 
studying the association of these patterns with metabolic 
health in overweight and obese subjects.

In this study, around half of the study participants had the 
MHO/Ov phenotype, a prevalence estimate that is within the 
range reported in the literature [20, 27, 47, 48]. In agree-
ment with other studies, levels of blood glucose, TG and 
HDL-C did not differ significantly between normal weight 
and MHOv/O subjects, but there were significant differences 
with the MUHOv/O group [49]. In addition, and in line with 
findings reported by other studies, subjects with MHOv/O 

were significantly younger, had a lower BMI and were more 
likely to be females, in comparison with MUHOv/O [20, 
50]. The healthy lifestyle pattern identified in our study, and 
which was characterized by the consumption of fruits, veg-
etables, dairy products, fish, olive oil, physical activity and 
less sleep difficulties, was associated with higher odds of 
MHOv/O in our study sample. The identified healthy pattern 
confirms the previously described clustering of favorable 
lifestyle factors, such as fruit and vegetable consumption and 
physical activity [51–54] and shares many similarities with 
the “Prudent” or the “Mixed diet-physically active” lifestyle 
pattern described in other investigations [28, 33, 36]. How-
ever, our study is the first to have considered sleep quality, 
particularly sleep difficulties, as part of the lifestyle factors 
included in pattern analyses. Although the evidence is still 
conflicting, recent studies are indicating that sleep character-
istics may be associated with cardiometabolic health [30]. In 
agreement with our findings, Kanagasabai et al. [30] showed, 
based on data from the US National Health and Nutritional 
Examination Survey (NHANES) 2005–2008, that the odds 
of having a metabolically healthy phenotype were the lowest 
in subjects who reported “almost always” having difficulties 
getting back to sleep after waking up during the night. Sleep 
disorders may increase preference for foods that are rich in 
fats and carbohydrates [55] and which may exert an adverse 
impact on insulin sensitivity and the lipid profile. Poor sleep 
may also be linked with elevated sympathetic nervous sys-
tem activity, higher inflammation [56], decreased nocturnal 
glucose and insulin resistance [57, 58].

The healthy lifestyle pattern identified in this study was 
also characterized by physical activity, a factor that was 
previously reported to be associated with favorable meta-
bolic health among adults [59, 60]. A growing body of evi-
dence suggests that obese individuals who are physically 
active have a similar cardiovascular risk as healthy non-
obese individuals, since physical activity leads to positive 

Table 4   Sociodemographic 
correlates of adherence to 
the various lifestyle patterns 
identified in this study (n = 305)

Numbers in bold face are statistically significant (p-value ≤ 0.05)

Unhealthy lifestyle pattern Healthy lifestyle pattern
OR (95% CI)

Age (years) 0.93 (0.89–0.96) 1.00 (0.97–1.03)
Single versus married 0.39 (0.12–1.27) 0.49 (0.21–1.12)
Female versus male 0.24 (0.10–0.61) 0.65 (0.32–1.34)
Level of education
 Up to intermediate 1 1
 Secondary/technical 1.23 (0.52–2.94) 0.99 (0.47–2.05)
 University 1.27 (0.32–4.95) 1.58 (0.59–4.22)

Having family history of cardiovascu-
lar disease

1.78 (0.79–4.05) 0.70 (0.33–1.47)

Crowding index 2.08 (0.80–5.38) 0.48 (0.24–0.93)
Total calorie intake 1.01 (1.00–1.00) 1.00 (1.00–1.00)
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changes in body composition, stimulates fatty acid uptake 
and oxidation, enhances insulin sensitivity and reduces car-
diometabolic risk [61–63]. In addition, the diet profile of the 
healthy lifestyle pattern, which included fruits, vegetables, 
dairy products, fish and olive oil, shares considerable simi-
larities with the traditional Lebanese diet, a variant of the 
Mediterranean dietary pattern [54]. As such, our findings of 
the positive association between MHOv/O and the healthy 
lifestyle pattern are similar to those reported by Matta et al. 
[20], where adherence to the traditional Lebanese dietary 
pattern was associated with higher odds of MHOv/O among 
Lebanese adults. Adherence to the Mediterranean diet, as 
assessed by the Mediterranean dietary score (MDS), was 
also found to be associated with a metabolically healthy phe-
notype among adults aged less than 45 years in the US [64]. 
Fruits and vegetables contain dietary fibre, micronutrients, 
phytochemicals and other bioactive compounds that have 
antioxidant and anti-inflammatory effects, enhance insulin 
sensitivity and contribute to a healthier metabolic profile 
[27, 65–68]. Olive oil and fish may bring a rich array of 
monounsaturated and polyunsaturated fatty acids, which 
may also buffer lipid and insulin fluctuations and peaks, 
increase insulin sensitivity, enhance fat oxidation and 
decrease cardio-metabolic risk [69, 70]. The consumption 
of dairy products, another hallmark of the healthy lifestyle 
pattern and of the traditional Lebanese diet, has been linked 
to reduced visceral fat, an effect that may be mediated by 
independent or synergistic actions of calcium and dairy pro-
tein, on lipolysis, lipogenesis and thermogenesis [71, 72].

In our study, we did not observe an association between 
metabolic health and the unhealthy lifestyle pattern, which 
was characterized by smoking, alcohol consumption, high 
intake of fast food and sugar-sweetened beverages, as well 
as a lower frequency of eating at home. In contrast to our 
findings, Al-Thani et al. [28, 36] showed that a “High Risk” 
lifestyle pattern, characterized by an unhealthy diet, low 
physical activity and smoking, was associated with higher 
odds of hypertension and metabolic syndrome among Qatari 
women. The diet profile of the unhealthy lifestyle pattern 
shares considerable similarities with the Western dietary 
pattern, which was also shown to increase the risk for car-
diometabolic abnormalities among Lebanese adults [73]. 
The fact that the unhealthy lifestyle pattern identified in our 
study was characterized by alcohol and coffee consumption 
may have attenuated its association with metabolic health. 
In fact, in our study, the assessment of alcohol consump-
tion was based on a yes/no response and thus did not allow 
us to differentiate between moderate and excessive alcohol 
consumption. Available evidence suggests that moderate 
alcohol consumption may have a positive impact on cardio-
metabolic health and may decrease the prevalence of meta-
bolic syndrome and some of its components among adults 
[74]. Similarly, coffee is a complex beverage that contains 

numerous biologically active compounds, some of which 
may exert cardio-protective effects on glycaemia and blood 
pressure [75].

This study has also investigated the sociodemographic 
determinants of the identified lifestyle patterns in our study 
population. It showed that older individuals were more likely 
to adhere to the healthy lifestyle pattern, while a higher 
crowding index was associated with lower adherence to 
this pattern. The observed direct association between age 
and adherence to the healthy lifestyle pattern is in agree-
ment with findings reported by Steele et al. [29] among 
Brazilian adults, where adherence to the “prudent” lifestyle 
pattern was higher among older subjects. Similar findings 
were reported by studies investigating dietary patterns. For 
instance, older age was associated with higher adherence to 
the Mediterranean diet among Lebanese as well as Spanish 
adults [54, 76]. A possible explanation may be that older 
individuals are more likely to uphold traditional dietary and 
lifestyle habits as compared to younger generations who 
have greater exposure to “fashionable” foods and emerg-
ing marketing trends [77]. The inverse association between 
age and adherence to the healthy pattern may also reflect a 
state of lifestyle and nutrition transition, from traditional 
to “modern” or “westernized” dietary and lifestyle habits, 
a phenomenon that is typically observed in younger age 
groups, as is currently witnessed by many countries of the 
Eastern Mediterranean region [54, 73, 78]. The fact that a 
higher crowding index, indicative of lower SES, was associ-
ated with lower adherence to the healthy lifestyle pattern is a 
manifestation of the possible inverse socioeconomic gradi-
ent in healthy lifestyle and dietary habits [79]. In agreement 
with our findings, a higher SES was found to be associ-
ated with a healthier lifestyle in the US, as assessed by the 
lifestyle index, which incorporated diet, physical activity, 
smoking and alcohol consumption [79]. In fact, the adop-
tion of healthier lifestyle behaviors involves making deci-
sions and premeditated choices that individuals with higher 
SES can usually afford, such as purchasing natural instead 
of processed foods, joining health clubs or buying sports 
equipment. Even the simple act of walking or running may 
warrant a safer environment that is more often available to 
those with a higher SES [79–83]. Interestingly, the results of 
our study have also highlighted gender differences in adher-
ence to lifestyle patterns, whereby women were less likely 
to adhere to the unhealthy lifestyle pattern. This finding is 
in line with other studies describing women as being more 
health-conscious and followers of dietary recommendations 
than men [29, 33, 54, 78].

The study has several strengths. It was conducted on a ran-
dom sample of the adult population living in Beirut and was 
performed using a well-planned design, protocol and meth-
odology. Its novelty lies in the adoption of the lifestyle pat-
tern approach in investigating the determinants of MHOv/O. 
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However, the findings of this study are to be considered in 
light of the following limitations, on top of the relatively small 
sample size. First, given its cross-sectional design, the results 
of this study could not imply causality, but are rather reflec-
tive of an association between exposure and outcome. How-
ever, in order to decrease potential reverse causation, subjects 
who reported having been diagnosed with a chronic disease or 
metabolic abnormality that may have influenced their dietary 
and lifestyle habits were excluded from the study [39]. Second, 
dietary assessment was performed using a FFQ, which may 
be limited by measurement errors, the number of food items 
constitutive of the food list and reliance on memory [39, 84]. 
However, and in order to offset the restriction dictated by the 
fixed FFQ food list, participants were asked, at the end of the 
interview, about ‘other foods that are usually consumed’. It 
is worth noting that although the adopted FFQ was not vali-
dated in our study population, it was previously used for the 
investigation of dietary patterns and their association with obe-
sity and the metabolic syndrome in Lebanese adults and has 
yielded plausible findings [39, 73, 85]. Despite the possible 
limitations of the FFQ approach, it has been described as one 
of the most suitable dietary assessment methods in large epi-
demiological surveys as it assesses the participant’s habitual 
diet over longer periods of time [39, 86]. In addition, data col-
lection was performed using a multi-component questionnaire 
in an interview setting, an approach that may be associated 
with social desirability bias, whereby participants may respond 
in a way that they believe is acceptable or favorable to the 
interviewer [39, 87]. Such a bias could occur when reporting 
dietary intake, smoking habits and particularly the amount of 
alcohol consumed, given the cultural context of the study and 
the religious norms in the country. Therefore, in our study, 
alcohol consumption was indicated as a dichotomous variable 
(yes/no), which does not fully capture alcohol intake in terms 
of frequency and quantities of alcohol consumed. In this study, 
the field workers who performed data collection underwent 
extensive training to decrease any judgmental verbal or non-
verbal communication and thus to curtail social desirability 
bias. Another limitation in this study is that former smoking 
status was not included in the characterization of lifestyle pat-
terns, although previous evidence suggests that former smok-
ers are at a high risk of developing metabolic abnormalities, 
including the metabolic syndrome [88]. It is also important to 
note that we have included in our sample both overweight and 
obese individuals and not only obese. This may have diluted 
potential associations between diet, lifestyle and metabolic 
health. However, despite this potential dilution, we have 
observed significant associations between “lifestyle patterns” 

and MHOv/O. Finally, this study was restricted to the urban 
setting of the Greater Beirut area, and hence, findings related 
to food consumption and lifestyle characteristics may not be 
representative of less urban areas in the country, and future 
nationally representative studies are warranted.

Conclusion

The present study identified two main lifestyle patterns among 
Lebanese adults, the healthy and the unhealthy patterns, and 
showed that adherence to the healthy lifestyle pattern was asso-
ciated with higher odds of MHOv/O. These findings provide 
evidence on the combined effect of lifestyle patterns in relation 
to cardiometabolic abnormalities that are complex and mul-
tifactorial in nature [28]. The fact that, in our study, individu-
als with lower SES were less likely to adhere to the healthy 
lifestyle pattern emphasizes the need for policies that address 
health inequities and ensure the accessibility of lifestyle-based 
interventions to socially disadvantaged groups [33]. Public 
health policy may promote the integration of lifestyle interven-
tions in the healthcare system, interventions that are anchored 
in the community, its culture, norms and values [36].
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