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Abstract 

Objective: To assess the association between selected health behaviors, particularly physical activity, alcohol consumption, and 

smoking, and dietary quality among adults living in southern Togo. Methods: A cross-sectional study was conducted from 

September 12 to November 30, 2025, among 1,181 adults, including 990 urban and 191 rural residents. Data were collected 

using a digital questionnaire administered via the KoboToolbox platform. Diet quality was assessed using a composite score 

based on the consumption of ten food groups. The score ranged from 3 to 9, with a mean of 7.54 ± 1.12 and a median of 8. 

Participants were classified as having high diet quality (score ≥ 8) or low diet quality (score < 8). Associations between health 

behaviors and diet quality were examined using bivariate analyses, Pearson correlations, and multiple linear regression adjusted 

for key sociodemographic characteristics. Results: A weak but positive association was observed between alcohol consumption 

and diet quality (r = 0.119; 95% CI: 0.063-0.175; p < 0.001). This association remained significant after adjustment in the 

multivariate model (β = 0.314; p < 0.001). In contrast, no statistically significant association was found between physical activity 

and diet quality (r = −0.033; p = 0.256), or between tobacco use and diet quality (r = −0.005; p = 0.853). Conclusion: Among 

the adults studied in southern Togo, alcohol consumption was weakly associated with better diet quality, whereas physical activity 

and tobacco use were not significantly associated with the diet quality score. These findings suggest that the health behaviors 

considered are not necessarily interdependent in this population, and that diet quality may be influenced by other 

sociodemographic, economic, and cultural determinants. However, the cross-sectional design does not allow for causal inference. 
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1. Introduction 

Noncommunicable diseases (NCDs) currently represent a 

major public health challenge in West Africa, driven in partic-

ular by rapid changes in lifestyles and dietary habits [1]. In 

Togo, as in several countries of the region, the nutrition tran-

sition is accompanied by increasing availability of processed 

foods and a progressive transformation of traditional dietary 

practices [2]. At the same time, behaviors such as physical ac-

tivity, tobacco use, and alcohol consumption may influence 

the risk of chronic disease by acting on metabolic status, in-

flammation, and overall nutritional balance [3, 4]. 

Diet plays a central role in disease prevention, particularly 

when it is diverse and rich in fruits and vegetables [5]. How-

ever, diet quality does not depend solely on food availability: 

it is also shaped by sociodemographic factors, cultural prefer-

ences, and individual behaviors [6]. Physical activity may thus 

be accompanied by healthier dietary habits, either because it 

is part of an overall health-oriented lifestyle or because of 

shared determinants such as education level or income [7]. 

Conversely, tobacco and alcohol consumption may coexist 

with a less balanced diet, owing to direct effects on food pref-

erences as well as mechanisms related to social context and 

daily routines [8, 9]. 

Despite the importance of these relationships, local data 

simultaneously documenting several health behaviors and 

their relationship with diet quality remain limited in southern 

Togo. A better understanding of these associations nonethe-

less appears necessary to effectively guide prevention and 

health promotion strategies [10]. 

This cross-sectional study therefore aims to evaluate the 

correlations between health behaviors and dietary habits in 

southern Togo, examining more specifically the association 

between physical activity, tobacco use, and alcohol consump-

tion on the one hand, and diet quality on the other, while ac-

counting for the main sociodemographic factors likely to con-

found these relationships. 

2. Materials and Methods 

2.1. Study Design and Setting 

This was a descriptive cross-sectional study conducted in 

southern Togo from September 12 to November 30, 2025. 

Data were collected using a digital questionnaire administered 

on the KoboToolbox platform (Harvard Humanitarian Initia-

tive), an open-source tool dedicated to electronic data collec-

tion. Southern Togo is characterized by high population den-

sity, a wide diversity of food markets, and marked socioeco-

nomic heterogeneity. The study mainly covered the urban and 

peri-urban areas of Greater Lomé, the capital and its surround-

ings, as well as several localities in the Maritime and Plateaux 

administrative regions. 

2.2. Participants and Recruitment 

Participants were adults aged 18 years and older, residing exclu-

sively in southern Togo. Residents of both urban and rural areas 

were included to allow comparisons of dietary habits and lifestyles 

according to place of residence. Recruitment was carried out 

through a field survey targeting community groups and communi-

cation networks active in the study area. In total, 1,181 adults were 

included, comprising 990 urban and 191 rural residents. 

2.3. Data Collection Tool and Variables 

The questionnaire included several modules covering the 

following dimensions: sociodemographic characteristics (age, 

sex, education level, occupation, monthly income, marital sta-

tus, and health insurance coverage); dietary habits (consump-

tion of staple foods, functional foods, animal-source products, 

tubers, fruits and leafy vegetables, and processed foods, as 

well as vegetarian dietary practices); and lifestyle-related be-

haviors, namely physical activity, tobacco use, and alcohol 

consumption. This choice of variables is based on interna-

tional recommendations for studying the determinants of non-

communicable diseases in the African context [11, 12], and 

reflects the main domains of the World Health Organization's 

STEPS questionnaire, adapted to local realities [13]. 

2.4. Assessment of Diet Quality 

Diet quality was estimated using a composite score built 

from the presence or absence of consumption of ten food 

groups derived from the questionnaire. This dietary diversity 

score (DDS) approach is widely validated as a simple and re-

liable indicator of overall nutritional quality, particularly in 

low-resource settings [14]. The score ranged from 3 to 9 points 

(mean 7.54 ± 1.12; median 8). Based on the distribution of 

scores in the sample, participants were divided into two 

groups: “high” diet quality for a score greater than or equal to 

the median (≥ 8), and “low” diet quality for a score below 8. 

This median-based cutoff is common practice in nutritional 

epidemiology for distinguishing dietary profiles when no pre-

defined clinical threshold exists [15]. 

2.5. Statistical Analysis 

Descriptive statistics were calculated for all study variables. 

Continuous variables are presented as mean ± standard devia-

tion and were compared using Student's t-test; categorical var-

iables are expressed as counts (n) and percentages (%) and 

were compared using the Chi-square test, in accordance with 

epidemiological standards [16]. As the main objective was to 

examine the association between health behaviors and diet 

quality, bivariate analyses were conducted between diet qual-

ity (high versus low) and the selected lifestyle indicators 

(physical activity, alcohol consumption, and tobacco use). 
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Pearson correlation coefficients (r), together with their 95% 

confidence intervals, were then calculated to quantify the 

strength of these associations, complemented by multiple lin-

ear regression adjusted for the main sociodemographic factors. 

Multivariate adjustment is essential to control for potential 

confounders such as age, sex, and socioeconomic status, 

whose influence on health behaviors is well documented [6]. 

All tests were two-tailed, with a significance threshold set at 

p < 0.05. Analyses were performed using R software, the use 

of which is now widespread in biomedical research owing to 

its flexibility and robustness [17]. 

3. Results 

3.1. Sociodemographic Characteristics of the 

Study Population 

A total of 1,181 adults were included in the analysis, com-

prising 990 residing in urban areas and 191 in rural areas. 

Mean age differed significantly between the two groups (31.9 

± 8.7 years in urban areas versus 35.2 ± 9.8 years in rural areas; 

p < 0.001), while sex distribution was comparable between the 

two settings (p = 0.149). 

Table 1. Sociodemographic characteristics of participants by place of residence. 

Characteristic Urban (N = 990) Rural (N = 191) p 

Age (years), mean ± SD 31.9 ± 8.7 35.2 ± 9.8 <0.001 

Female sex, n (%) 327 (33.0) 74 (38.7) 0.149 

Male sex, n (%) 663 (67.0) 117 (61.3) 0.149 

Married, n (%) 389 (39.3) 132 (69.1) <0.001 

Single, n (%) 601 (60.7) 59 (30.9) <0.001 

Higher education, n (%) 911 (92.0) 161 (84.3) 0.003 

Monthly income > 200,000 FCFA, n (%) 391 (39.5) 54 (28.3) 0.010 

Moderate/easy access to healthcare, n (%) 854 (86.3) 149 (78.0) 0.003 

Health insurance, n (%) 550 (55.6) 100 (52.4) 0.463 

 

Marital status varied significantly according to place of res-

idence, with a higher proportion of married participants in ru-

ral areas (69.1%) than in urban areas (39.3%; p < 0.001). Ed-

ucation level also differed: the proportion of participants with 

higher education was greater in urban areas (92.0%) than in 

rural areas (84.3%; p = 0.003). Monthly income was also sig-

nificantly associated with place of residence (p = 0.010), as 

was access to healthcare (p = 0.003), whereas health insurance 

coverage did not differ significantly between the two groups 

(p = 0.463). 

3.2. Dietary Habits by Place of Residence 

Dietary habits differed for several food groups according to 

place of residence. Fish and seafood consumption was re-

ported by nearly all urban participants (97%) and by all rural 

participants (100%; p = 0.029). Egg consumption was more 

frequent in urban areas than in rural areas (67.5% versus 

55.5%; p = 0.002). 

No significant difference was observed for the consumption 

of staple foods (98.8% versus 100%; p = 0.256), vegetables 

and leafy greens (85.8% versus 86.9%; p = 0.759), tubers 

(71.7% versus 70.7%; p = 0.839), or fats, oils, and butter 

(77.3% versus 74.9%; p = 0.530). Consumption of so-called 

“functional” foods showed only a borderline significant dif-

ference (97.5% in urban areas versus 100% in rural areas; p = 

0.052). 

Regarding animal-source products, white meat consump-

tion (chicken, turkey) was more frequent in rural areas than in 

urban areas (88.5% versus 78.8%; p = 0.003), whereas red 

meat consumption was higher in urban areas (70.9%) than in 

rural areas (63.4%; p = 0.046). A vegetarian-type diet was re-

ported more often in urban areas (10.7%) than in rural areas 

(5.8%; p = 0.050), and processed food consumption also dif-

fered by setting (96.8% in urban areas versus 100% in rural 

areas; p = 0.023). 
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Figure 1. Comparison of food consumption between urban (n = 990) and rural (n = 191) residents in southern Togo. Bars represent the 

percentage of participants reporting consumption of each food group (Chi-square test; * p < 0.05, ** p < 0.01). 

3.3. Physical Activity, Alcohol Consumption, 

and Tobacco Use by Setting 

Lifestyle-related behaviors also varied significantly by 

place of residence. Physical activity differed markedly be-

tween the two groups (p < 0.001): urban participants more of-

ten reported never engaging in physical activity (15.9%) or 

engaging in it occasionally (54.6%), whereas rural partici-

pants more frequently reported regular practice (50.3% versus 

29.5% in urban areas). 

Alcohol consumption also differed significantly between 

the two settings (p < 0.001). A higher proportion of rural par-

ticipants reported occasional alcohol consumption (89.0% 

versus 74.3% in urban areas), whereas regular consumption 

was reported only in urban areas (7.2%), with no regular con-

sumers identified in rural areas. 

Tobacco use, however, did not differ significantly between 

the two settings (p = 1.000): the large majority of participants 

reported never having smoked (98.0% in urban areas versus 

97.9% in rural areas), with a small proportion reporting occa-

sional tobacco use (2.0% versus 2.1%). No regular smokers 

were identified in either group. 

 
Figure 2. Lifestyle characteristics of participants by place of residence (N = 1,181). 
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3.4. Distribution of Health Behaviors in the 

Overall Sample 

Across the entire sample, regular physical activity was re-

ported by 32.9% of participants, occasional activity by 51.0%, 

and complete inactivity by 16.2%. Regarding alcohol, 76.7% 

of participants consumed it occasionally, 6.0% regularly, and 

17.3% never consumed it. Tobacco use remained marginal: 

98.0% of participants had never smoked, 2.0% smoked occa-

sionally, and no regular smokers were recorded. 

Table 2. Distribution of health behaviors in the sample (N = 1,181). 

Behavior Level N Percentage (%) 

Physical activity 

Never 191 16.2 

Occasional 602 51.0 

Regular 388 32.9 

Alcohol consumption 

Never 204 17.3 

Occasional 906 76.7 

Regular 71 6.0 

Tobacco use 

Never 1,157 98.0 

Occasional 24 2.0 

Regular 0 0.0 

 

3.5. Correlations Between Health Behaviors and 

Diet Quality 

Pearson correlation analysis showed no significant associa-

tion between diet quality and physical activity (r = −0.033; 

95% CI [−0.090; 0.024]; p = 0.256), nor between diet quality 

and tobacco use (r = −0.005; 95% CI [−0.062; 0.052]; p = 

0.853). In contrast, a weak but statistically significant positive 

correlation was observed between alcohol consumption and 

diet quality (r = 0.119; 95% CI [0.063; 0.175]; p < 0.001). 

Table 3. Pearson correlations between health behaviors and the diet quality score. 

Variable r 95% CI p Significant 

Physical activity −0.033 [−0.090; 0.024] 0.256 No 

Alcohol 0.119 [0.063; 0.175] <0.001 Yes 

Tobacco −0.005 [−0.062; 0.052] 0.853 No 

CI = Confidence Interval. 

These same associations were explored categorically, by 

comparing the proportions of participants with high diet qual-

ity according to the level of each behavior. No significant dif-

ference was observed across physical activity levels (p = 

0.4113): the proportion of participants with high diet quality 

was comparable among those reporting no physical activity 

(56.5%), occasional activity (51.5%), or regular activity 

(54.4%). Similarly, tobacco use was not associated with diet 

quality (p = 1.0000), with 53.2% high diet quality among non-

smokers versus 54.2% among occasional smokers. Alcohol 

consumption, however, was significantly associated with diet 

quality (p = 0.0073): participants who never consumed alco-

hol had the lowest proportion of high diet quality (43.6%), 

compared with 55.6% among occasional consumers and 

50.7% among regular consumers. 

 

http://www.sciencepg.com/journal/ajbio


American Journal of BioScience http://www.sciencepg.com/journal/ajbio 

 

136 

Table 4. Association between health behaviors and diet quality (categorized score). 

Variable Category Low quality, n (%) High quality, n (%) p 

Physical activity 

Never 83 (43.5) 108 (56.5) 0.4113 

Occasional 292 (48.5) 310 (51.5)  

Regular 177 (45.6) 211 (54.4)  

Alcohol consumption 

Never 115 (56.4) 89 (43.6) 0.0073 

Occasional 402 (44.4) 504 (55.6)  

Regular 35 (49.3) 36 (50.7)  

Tobacco use 
Never 541 (46.8) 616 (53.2) 1.0000 

Occasional 11 (45.8) 13 (54.2)  

Note: p-values shown correspond to the overall Chi-square test for each variable; no regular smokers were identified in the sample. 

3.6. Multivariate Analysis 

To account for potential confounders, multiple linear re-

gression was performed, adjusting for the main sociodemo-

graphic characteristics. After adjustment, alcohol consump-

tion remained significantly and positively associated with diet 

quality (β = 0.314; standard error = 0.072; p < 0.001), con-

firming the result observed in the bivariate analysis. Physical 

activity (β = −0.043; p = 0.369) and tobacco use (β = −0.405; 

p = 0.086) did not reach statistical significance, although the 

negative trend associated with tobacco use warrants mention 

given the limited statistical power resulting from its rarity in 

the sample. 

Table 5. Results of the multiple linear regression adjusted for sociodemographic factors. 

Variable β Standard error p 

Physical activity −0.043 0.048 0.369 

Alcohol 0.314 0.072 <0.001 

Tobacco −0.405 0.236 0.086 

 

4. Discussion 

This cross-sectional study of 1,181 adults in southern Togo 

provides original insight into the relationships between health 

behaviors and diet quality in a West African context undergo-

ing nutrition transition. The main finding — a positive and 

significant association between alcohol consumption and bet-

ter diet quality — warrants being placed in perspective with 

data available in the subregion and beyond. 

The positive association between alcohol consumption and 

diet quality (r = 0.119; p < 0.001; β = 0.314 after adjustment) 

partially aligns with studies conducted in West Africa. A study 

conducted in Cotonou (Benin) by Sodjinou et al. (2008) ob-

served, within an overall lifestyle index combining diet, phys-

ical activity, tobacco use, and alcohol, a positive correlation 

between the alcohol consumption score and the diet quality 

score, particularly among women [18]. These findings are 

consistent with a body of West African evidence suggesting 

that, in certain cultural contexts, moderate alcohol consump-

tion is socially integrated and correlated with more diverse 

festive dietary practices [19]. 

Internationally, this relationship has been documented in 

very different contexts. Studies have shown that moderate al-

cohol consumers, particularly wine drinkers, tend to adopt di-

ets of better nutritional quality [20, 21]. However, other work, 

such as that of Breslow et al., in the United States, did not find 

this association after adjusting for socioeconomic status, sug-

gesting that income and education could be major confound-

ing factors [8]. 

In our study, the persistence of the association after adjust-

ment for sociodemographic variables reinforces the robust-

ness of the finding, but the weakness of the correlation coeffi-

cient calls for cautious interpretation. This relationship likely 
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reflects shared socio-behavioral profiles (sociability, urban 

lifestyle, income level) rather than a direct effect of alcohol on 

food choices. 

Numerous international studies have shown a positive asso-

ciation between physical activity and healthy eating [22, 23]. 

Our work did not find a significant association (r = −0.033; p 

= 0.256). This finding may be explained by the nature of the 

physical activity measured. In rural areas, physical activity is 

mainly related to agricultural work and travel rather than vol-

untary sports practice associated with nutritional awareness; 

yet it is precisely in rural areas that regular practice was most 

frequent (50.3% versus 29.5% in urban areas), without trans-

lating into better diet quality in this subgroup. In urban areas, 

conversely, occasional or absent physical activity coexists 

with often more diverse diets, which may dilute the associa-

tion. 

This decoupling is also reflected in our categorical analyses: 

the proportion of participants with high diet quality remained 

comparable regardless of reported physical activity level 

(56.5% among inactive participants, 51.5% among occasional 

practitioners, and 54.4% among regular practitioners; p = 

0.4113). This finding suggests that, in the context studied, diet 

quality is more strongly influenced by structural determinants 

such as socioeconomic status, purchasing power, and food 

availability and accessibility than by physical activity level 

considered in isolation. This observation is consistent with the 

World Health Organization's conceptual framework on the so-

cial determinants of health and with the work of the Lancet 

Commission on the syndemic of obesity, undernutrition, and 

climate change, which emphasize the predominant role of the 

food environment and socioeconomic conditions in shaping 

nutritional behaviors [24-26]. 

The absence of an association between tobacco use and diet 

quality (r = −0.005; p = 0.853) should be interpreted with cau-

tion. The very low prevalence of tobacco use in our sample 

(2.0% occasional smokers, no regular smokers) is comparable 

to the low rates generally reported in public health surveys in 

West Africa, particularly among women [27]. This low prev-

alence considerably reduces statistical power to detect a po-

tential association, especially as tobacco use is associated with 

unfavorable dietary habits in studies conducted in settings 

with much higher prevalence: in the United States, current 

smokers report lower fruit and vegetable consumption and 

higher alcohol consumption than non-smokers [28]; in Europe, 

smoking intensity is inversely associated with overall diet 

quality, even after adjustment for socioeconomic status [29]. 

The negative trend observed in the adjusted model (β = 

−0.405; p = 0.086) may suggest a detrimental effect of tobacco 

on diet quality, but this remains non-significant. Studies with 

a larger number of smokers would be needed to resolve this 

question. 

The disparities observed between urban and rural settings 

— regarding meat, egg, and processed food consumption and 

vegetarian practices — are consistent with the regional litera-

ture. In Benin, Sodjinou et al. (2009) had already described, 

among urban adults in Cotonou, the emergence of a “transi-

tional” dietary profile richer in fats, sugary products, and cho-

lesterol, at the expense of traditional habits, particularly 

among individuals of higher socioeconomic status or born in 

the city [30]. More broadly, the West African literature de-

scribes an increase in meat, processed food, and fat consump-

tion in urban areas, while rural areas remain more anchored in 

local cereals and leafy vegetables [19]. 

These differences, combined with marked gaps in education 

level, income, and access to healthcare, suggest that place of 

residence acts as a structuring determinant of dietary behav-

iors, potentially more influential than health behaviors consid-

ered in isolation. This finding argues for public health inter-

ventions differentiated by setting, integrating the specific con-

straints and resources of each context. 

5. Conclusion 

Our observational study conducted in southern Togo shows 

that, among the three health behaviors studied, only alcohol 

consumption was significantly associated with diet quality, 

with a positive but modest correlation confirmed after adjust-

ment for sociodemographic factors. Physical activity and to-

bacco use, meanwhile, showed no statistically significant as-

sociation with diet quality in this population. 

These findings suggest that health behaviors considered in 

isolation explain only a limited share of diet quality, and that 

diet quality is likely embedded in broader socioeconomic and 

contextual determinants, particularly those related to place of 

residence. They underscore the value of an integrated ap-

proach, combining multiple levers, in designing health promo-

tion and nutritional prevention interventions in Togo. Further 

longitudinal studies, including a more detailed quantitative as-

sessment of dietary intake, would help clarify the nature and 

timing of these associations. 

Abbreviations 

FCFA Franc CFA (West African Currency) 

SD Standard Deviation 

DDS Dietary Diversity Score 

CI Confidence Interval 

Acknowledgments 

The authors sincerely thank all the adults who voluntarily 

participated in this study for their time, trust, and valuable 

contribution. We are also grateful to the institutions from 

which the participants were recruited, namely the University 

of Kara, the University of Lomé, the South Ural State Univer-

sity, the Tomsk State University, and the Imperial College 

London School of Public Health, as well as the local commu-

nity groups, health centres, and communication networks in 

Greater Lomé, the Maritime Region, and the Plateaux Region 

http://www.sciencepg.com/journal/ajbio


American Journal of BioScience http://www.sciencepg.com/journal/ajbio 

 

138 

of Togo, for facilitating access to participants and supporting 

the field survey. We further acknowledge the field survey 

team for their dedication during data collection. This research 

did not receive any specific grant from funding agencies in the 

public, commercial, or not-for-profit sectors. 

Author Contributions 

Dandonougbo Novignon: Conceptualization, Data curation, 

Formal Analysis, Methodology, Project administration, Supervi-

sion, Writing – original draft, Writing – review & editing 

Souho Tiatou: Conceptualization, Methodology, Valida-

tion, Writing – review & editing 

Dandonougbo Koffi: Data curation, Investigation, Re-

sources, Writing – review & editing 

Sossou Kodjovi: Formal Analysis, Methodology, Valida-

tion, Writing – review & editing 

Mensah Labité Komlan: Investigation, Resources, Writ-

ing – review & editing 

Dandonougbo Tossavi: Data curation, Investigation, Writ-

ing – review & editing 

Tabago Dissirama: Investigation, Resources, Writing – re-

view & editing 

Aglago Elom Kouassivi: Methodology, Validation, Writ-

ing – review & editing 

Melila Mamatchi: Conceptualization, Project administra-

tion, Supervision, Writing – review & editing 

Data Availability Statement 

The data that support the findings of this study are available 

from the corresponding author upon reasonable request. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] GBD 2019 Risk Factors Collaborators. Global burden of 87 

risk factors in 204 countries and territories, 1990-2019: a sys-

tematic analysis for the Global Burden of Disease Study 2019. 

Lancet. 2020, 396(10258), 1223-1249.  

https://doi.org/10.1016/S0140-6736(20)30752-2 

[2] Popkin BM, Adair LS, Ng SW. Global nutrition transition and 

the pandemic of obesity in developing countries. Nutrition Re-

views. 2012, 70(1), 3-21.  

https://doi.org/10.1111/j.1753-4887.2011.00456.x 

[3] Imamura F, Micha R, Khatibzadeh S, et al. Dietary quality 

among men and women in 187 countries in 1990 and 2010: a 

systematic assessment. The Lancet Global Health. 2015, 3(3), 

e132-e142.  

https://doi.org/10.1016/S2214-109X(14)70381-X 

[4] Ezzati M, Riboli E. Behavioral and dietary risk factors for non-

communicable diseases. New England Journal of Medicine. 

2013, 369(10), 954-964.  

https://doi.org/10.1056/NEJMra1203528 

[5] Boeing H, Bechthold A, Bub A, et al. Critical review: vegeta-

bles and fruit in the prevention of chronic diseases. European 

Journal of Nutrition. 2012, 51(6), 637-663.  

https://doi.org/10.1007/s00394-012-0380-y 

[6] Darmon N, Drewnowski A. Does social class predict diet qual-

ity? American Journal of Clinical Nutrition. 2008, 87(5), 1107-

1117. https://doi.org/10.1093/ajcn/87.5.1107 

[7] Pate RR. Physical activity and public health-reply. JAMA. 

1995, 274(7), 535-535.  

https://doi.org/10.1001/jama.1995.03530070031018 

[8] Breslow RA, Guenther PM, Juan W, Graubard BI. Alcoholic 

beverage consumption, nutrient intakes, and diet quality in the 

US adult population, 1999-2006. Journal of the American Die-

tetic Association. 2010, 110(4), 551-562.  

https://doi.org/10.1016/j.jada.2009.12.026 

[9] Dallongeville J, Marecaux N, Fruchart JC, Amouyel P. Ciga-

rette smoking is associated with unhealthy patterns of nutrient 

intake: a meta-analysis. Journal of Nutrition. 1998, 128(9), 

1450-1457. https://doi.org/10.1093/jn/128.9.1450 

[10] World Health Organization. Advancing the Global Agenda on 

Prevention and Control of Noncommunicable Diseases 2000 to 

2020: Looking Forwards to 2030. Geneva: World Health Or-

ganization; 2023. 

[11] Dalal S, Beunza JJ, Volmink J, et al. Non-communicable dis-

eases in sub-Saharan Africa: what we know now. International 

Journal of Epidemiology. 2011, 40(4), 885-901.  

https://doi.org/10.1093/ije/dyr050 

[12] Mendis S, Davis S, Norrving B. Organizational update: the 

World Health Organization Global Status Report on noncom-

municable diseases 2014; one more landmark step in the combat 

against stroke and vascular disease. Stroke. 2015, 46(5), e121-

e122. https://doi.org/10.1161/STROKEAHA.115.008097 

[13] Bonita R, Winkelmann R, Douglas KA, de Courten M. The 

WHO stepwise approach to surveillance (STEPS) of non-com-

municable disease risk factors. In: McQueen DV, Puska P, eds. 

Global Behavioral Risk Factor Surveillance. Boston, MA: 

Springer; 2003, 9-22.  

https://doi.org/10.1007/978-1-4615-0071-1_3 

[14] Kennedy G, Ballard T, Dop M. Guidelines for Measuring 

Household and Individual Dietary Diversity. Rome: FAO; 2011. 

[15] Kant AK. Indexes of overall diet quality: a review. Journal of 

the American Dietetic Association. 1996, 96(8), 785-791.  

https://doi.org/10.1016/S0002-8223(96)00217-9 

[16] Kirkwood BR, Sterne JAC. Essential Medical Statistics. 2nd ed. 

Malden, MA: Blackwell Science; 2010. 

[17] R Core Team. R: A Language and Environment for Statistical 

Computing. Vienna, Austria: R Foundation for Statistical Com-

puting; 2021. 

http://www.sciencepg.com/journal/ajbio


American Journal of BioScience http://www.sciencepg.com/journal/ajbio 

 

139 

[18] Sodjinou R, Agueh V, Fayomi B, Delisle H. Obesity and car-

dio-metabolic risk factors in urban adults of Benin: relationship 

with socio-economic status, urbanisation, and lifestyle patterns. 

BMC Public Health. 2008, 8(1), 84.  

https://doi.org/10.1186/1471-2458-8-84 

[19] Bosu WK. An overview of the nutrition transition in West Af-

rica: implications for non-communicable diseases. Proceedings 

of the Nutrition Society. 2015, 74(4), 466-477.  

https://doi.org/10.1017/S0029665114001669 

[20] Schröder H, Marrugat J, Vila J, Covas MI, Elosua R. Adherence 

to the traditional Mediterranean diet is inversely associated 

with body mass index and obesity in a Spanish population. 

Journal of Nutrition. 2004, 134(12), 3355-3361.  

https://doi.org/10.1093/jn/134.12.3355 

[21] Barefoot JC, Grønbæk M, Feaganes JR, McPherson RS, Wil-

liams RB, Siegler IC. Alcoholic beverage preference, diet, and 

health habits in the UNC Alumni Heart Study. American Jour-

nal of Clinical Nutrition. 2002, 76(2), 466-472.  

https://doi.org/10.1093/ajcn/76.2.466 

[22] Drewnowski A, Monsivais P, Maillot M, Darmon N. Low-en-

ergy-density diets are associated with higher diet quality and 

higher diet costs in French adults. Journal of the American Di-

etetic Association. 2007, 107(6), 1028-1032.  

https://doi.org/10.1016/j.jada.2007.03.013 

[23] Perez-Escamilla R, Bermudez O, Buccini GS, et al. Nutrition 

disparities and the global burden of malnutrition. BMJ. 2018, 

361, k2252. https://doi.org/10.1136/bmj.k2252 

[24] World Health Organization. Noncommunicable Diseases Pro-

gress Monitor 2025. Geneva: World Health Organization; 2025. 

[25] Marmot M, Friel S, Bell R, Houweling TAJ, Taylor S. Closing 

the gap in a generation: health equity through action on the so-

cial determinants of health. Lancet. 2008, 372(9650), 1661-

1669. https://doi.org/10.1016/S0140-6736(08)61690-6 

[26] Swinburn BA, Kraak VI, Allender S, et al. The global syndemic 

of obesity, undernutrition, and climate change: The Lancet 

Commission report. Lancet. 2019, 393(10173), 791-846. 

[27] World Health Organization. WHO Global Report on Trends in 

Prevalence of Tobacco Use 2000-2030. Geneva: World Health 

Organization; 2024. 

[28] Strine TW, Okoro CA, Chapman DP, et al. Health-related qual-

ity of life and health risk behaviors among smokers. American 

Journal of Preventive Medicine. 2005, 28(2), 182-187.  

https://doi.org/10.1016/j.amepre.2004.10.002 

[29] Alkerwi A, Baydarlioglu B, Sauvageot N, et al. Smoking status 

is inversely associated with overall diet quality: findings from 

the ORISCAV-LUX study. Clinical Nutrition. 2017, 36(5), 

1275-1282. https://doi.org/10.1016/j.clnu.2016.08.013 

[30] Sodjinou R, Agueh V, Fayomi B, Delisle H. Dietary patterns of 

urban adults in Benin: relationship with overall diet quality and 

socio-demographic characteristics. European Journal of Clini-

cal Nutrition. 2009, 63(2), 222-228.  

https://doi.org/10.1038/sj.ejcn.1602906 

 

http://www.sciencepg.com/journal/ajbio

