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ABSTRACT 

Background: Despite existing literature on the link between fruit and vegetable consumption and hypertension, the role of the quality of 

housing in this interaction has not been extensively explored. This study attempted to understand the contribution of housing in the associa-

tion between fruit and vegetable consumption and hypertension among adults in Osogbo. Nigeria. 

Methods: A housing standard checklist comprising a list of essential housing facilities was used to assess 700 houses of adults aged ≥ 18 

years in Osogbo, Nigeria, who were recruited using a multi-stage sampling. The housing quality index (HQI) was calculated and used to 

dichotomize the houses into "poor" and "good" housing quality (HQ). Hypertension was defined based on the guidelines set by the Joint 

National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) while total fruit and vegetable 

consumption (in servings/week) was classified as 'low' (≤6), 'moderate' (7-14), and 'high' (≥15). Adjusted odds ratio (aOR) and 95% confi-

dence intervals (CIs) of the association between fruits and vegetable consumption and hypertension stratified by HQ were estimated using 

multivariable-adjusted regression models at P<0.05. 

Results: The prevalence of low fruit and vegetable consumption was higher among adults residing in poor HQ; 212/440 (48.2%) than those 

living in good HQ; 74/260 (28.5%), p<0.001. A significant inverse association was observed between high total fruit and vegetable con-

sumption and risk of hypertension (aOR 0.03; 95% CI: 0.01-0.09). The reduced odds of hypertension due to the consumption of medium 

(aOR 0.35; 95% CI: 0.12-0.76) and high (aOR 0.12; 95% CI: 0.03-0.40) servings of total fruits and vegetables per week was more pro-

nounced among adults residing in good HQ compared to those living in poor HQ.  

Conclusion: Good HQ improves the beneficial effect of fruit and vegetable consumption on the risk of hypertension.  
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1.0 INTRODUCTION 

Hypertension continues to be a rising public health con-

cern globally, and the number of people aged 30–79 years 

with hypertension doubled from 331 million women and 

317 million men in 1990 to 626 million women and 652 

million men in 2019, respectively [1]. Hypertension is the 

premier modifiable risk factor for cardiovascular disease 

and global mortality, with significantly accelerating prev-

alence in sub-Saharan Africa, where approximately one 

in every two adults is now living with hypertension [2, 3]. 

The World Health Organization’s global report on hyper-

tension reveals that approximately one-third of the global 

population experiences this condition, resulting in over 

10 million deaths annually attributed to elevated systolic 

blood pressure, with a substantial annual mortality rate 

[4]. Recent data indicate a 15.3% increase in hyperten-

sion rates in Nigeria from 2010 to 2019 [5].  

A low intake of fruit and vegetables has been associated 

with increased risk of hypertension in several epidemio-

logical studies, including randomized controlled trials [1, 

6-8]. The WHO report primarily emphasizes the mitiga-

tion of hypertension through lifestyle modifications, with 

particular attention given to the impact of dietary patterns 

on blood pressure [9]. Both the Dietary Approaches to 

Stop Hypertension (DASH) and Mediterranean diets are 

recognized in the scientific community as effective die-

tary patterns for reducing high blood pressure [4]. The 

increased trend in hypertension in Nigeria and other West 

African countries has been partly attributed to increased 

unhealthy dietary practices (consumption of a diet that is 

high in salt/sodium, low potassium, unhealthy dietary fat 

and oils, refined sugar, alcohol, and low fruit and vegeta-

ble intake) [5]. The DASH intervention study showed 

that a diet rich in fruits and vegetables could substantially 

reduce blood pressure, and some prospective studies also 

found a beneficial effect of fruits and vegetables on the 

prevention of hypertension. [1, 2, 10]. Despite this estab-

lished interaction between fruit and vegetable consump-

tion and hypertension, the role of the quality of houses 

inhabited by individuals with hypertension on this inter-

action has not been explored. 

Several pieces of evidence point to the detrimental impact 

of inadequate housing on health [11-13], and poor living 

environments have been implicated in significant public 

health issues [14]. Housing is becoming increasingly cru-

cial for improving public health. Given that people in the 

current age spend more than 50% of their time at home 

[15, 16] and the population is estimated to double from 

2022 (771 million) to 2050 (1.6 billion) [17], there is an 

increasing need for healthy housing. In Nigeria, rapid 

urbanization and the migration of people from rural areas 

to cities have worsened housing problems in urban cen-

tres. Research shows that a considerable portion of the 

Nigerian population lacks access to adequate housing or 

acceptable living conditions [18]. The country's urban 

growth rate is 6%, while its population growth rate is 

about 2.4%. Additionally, many housing units in urban 

areas are in disrepair, making them unfit for habitation 

[19]. Whether housing quality interferes with the estab-

lished association between fruit and vegetable consump-

tion and hypertension among adults remains unclear. This 

study, therefore, sought to understand the role of HQ in 

the association of fruit and vegetable intake with hyper-

tension among adults residing in Osogbo, Nigeria. 

 

2.0 METHODOLOGY 

2.1 Ethical Considerations and Permissions   

Ethical approval for this study was obtained from the 

Ethics Committee of the College of Health Sciences, 

Osun State University (UNIOSUNHREC Ref No: 2023/

PBH/054). Also, permission to conduct the study in the 

selected communities was granted by the Osun State 

Ministry of Health and the local authorities within the 

chosen areas. 

2.2 Study Area, Design, and Sampling Strategy 

The study was conducted in Osogbo, the capital of Osun 

State, Nigeria, which covers a total area of 47 square kil-

ometres, bordered by Ifelodun, Ede North, Atakunmosa 

West, Egbedore, and Boripe Local Government Areas 

(LGAs). Geographically, it lies between latitudes 7°42'N 

and 7°51'N, and longitudes 4°28'E and 4°40'E, with an 

elevation of approximately 300 metres above sea level. 

The area experiences an average temperature of 26.1°C, 

with rainfall averaging 1241mm annually. The climate 

fluctuates, with March being the warmest month (28.3°C) 

and August recording the lowest temperatures (23.7°C). 

Most parts of Osogbo are semi-urban and primarily in-

habited by the Yoruba ethnic group.  

A cross-sectional design was adopted to understand the 

role of HQ in the interaction between fruit and vegetable 

intake and hypertension among 700 adults selected using 

a multi-stage sampling technique. At first, Osogbo Local 

Government Area (LGA) was selected randomly from the 

two LGAs in Osogbo. Subsequently, six geo-political 
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wards were randomly chosen from the 15 wards, ensuring 

a fair representation from high-density (2 wards), medium

-density (2 wards), and low-density (1 ward) areas based 

on population structure. This was followed by a purposive 

selection of a polling unit per ward, considering popula-

tion density. Next, a systematic sampling technique was 

used to select households within the chosen polling units, 

with every 10th building being selected for participation. 

When multiple households resided in a single building, 

one household was chosen through convenience sam-

pling. Eligible participants were individuals who were ≥ 

18 years of age and had resided in the selected household 

for at least 12 months. Individuals with a history of cardi-

ovascular diseases, including diabetes and hypertension, 

were excluded from the study.  

2.3 Outcome measure - hypertension 

The primary outcome, hypertension, was defined based 

on the guidelines set forth by the Joint National Commit-

tee on Prevention, Detection, Evaluation, and Treatment 

of High Blood Pressure (JNC 7). Blood pressure measure-

ments were taken in triplicate from each participant by 

trained personnel after they had rested in a seated posi-

tion. A 5-minute rest period was observed between meas-

urements, with the final hypertension status being deter-

mined by averaging the second and third readings. Hyper-

tension was classified as systolic blood pressure (SBP) 

≥140mmHg or diastolic blood pressure (DBP) ≥90mmHg. 

Participants who have been told by a cardiologist to be 

hypertensive or are currently using anti-hypertensive 

medications were also defined as hypertensive. 

2.4 Housing quality (HQ) measured using housing 

quality index (HQI) 

Housing quality was assessed using a validated observa-

tional checklist based on the presence of key household 

features. The checklist evaluated aspects such as building 

structure, roofing materials, the number of rooms, owner-

ship status (owned or rented), and occupancy density 

(calculated as total floor area per person). HQ scores were 

assigned using the HQI, which incorporates essential fa-

cilities using the HQ standard by the United States De-

partment of Housing and Urban Development (HUD) 

[20]. The HUD housing standard consisted of twelve (12) 

essential items, namely: sanitary facilities, food prepara-

tion and refuse disposal, space and security, thermal envi-

ronment, illumination and electricity, water supply, acces-

sibility, structure and materials, interior air quality, venti-

lation, lead-based paints, and neighbourhood smoke de-

tectors. Households were categorized as having either 

‘poor’ or ‘good’ HQ, depending on whether their HQI 

scores fell below (score of ≤7) or above (score >7) the 

50th percentile [21]. 

2.5 Definition of fruit and vegetable consumption 

A validated semi-structured food frequency questionnaire 

was used to collect data on participants' consumption of 

fruits and vegetables. The frequency of consumption per 

week was calculated by coding the participants' infor-

mation on fruit and vegetable consumption in the preced-

ing months, including the number of portions and fre-

quency consumed in a typical period (day, week, or 

month). Participants’ intake of fruit and vegetable con-

sumption in a week before the study was classified as fol-

lows: fruit consumption - 'low/none' (0 portions), 

'moderate' (1-4 portions), or 'high' (≥5 portions); vegeta-

ble consumption - 'low' (≤ 2 portions), 'moderate' (3-9 

portions), or 'high' (≥10 portions) and total fruit and vege-

table consumption - 'low' (≤ 6 portions), 'moderate' (7-14 

portions), or 'high' (≥15 portions)[22].  

2.6 Independent variables   

Key demographic variables collected included partici-

pants' age (in years), sex (male or female), educational 

attainment (grouped as none, primary, secondary, or ter-

tiary), and average monthly income (dichotomized as be-

low or above $100). Lifestyle factors such as smoking (no 

vs yes), alcohol consumption (no vs yes), and physical 

inactivity (defined as less than 4 hours of moderate or 

vigorous exercise per week) were also recorded. Addi-

tionally, anthropometric measurements were taken, in-

cluding body mass index (BMI), waist-to-hip ratio 

(WHR), and indicators of obesity (BMI ≥ 25 kg/m², WHR 

>0.90 for men and 0.85 for women). Data on stress and 

depression were collected using a validated instrument 

adapted from the INTERSTROKE study [23]. 

2.7 Statistical Analysis   

Fruit, vegetables, and total fruit and vegetable categories, 

including sociodemographic characteristics, also com-

pared between hypertension and HQ status using chi-

square tests for categorical variables and t-tests for con-

tinuous variables. We examined the association between 

fruit and vegetable consumption and hypertension strati-

fied by HQ status using multivariable logistic regression 

models, adjusting for relevant covariates such as age, gen-

der, income, housing tenure, physical activity, stress, and 

obesity. Variables were included in the regression models 

based on the empirical evidence from our data 

(statistically significant associations in the bivariate anal-
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yses; P<0.05) and understanding of the scientific litera-

ture. Results were reported as odds ratios (OR) with 95% 

confidence intervals (CI). All statistical analyses were 

performed using IBM SPSS Statistics for Windows, ver-

sion 25 (IBM Corporation, Armonk, NY, USA) and the 

R statistical program (version 3.6.2) at P-value < 0.05.  

 

3.0 RESULTS 

The sociodemographic, anthropometric, and clinical 

characteristics of participants, stratified by HQ status, are 

detailed in Table 1A and Table 1B. With an overall par-

ticipants’ mean age of 47.52 ± 16.44 years and a prepon-

derance of females (85.0%), those residing in houses 

with poor HQ (47.69 ± 16.90 years) were slightly older 

than those living in good HQ (47.22 ± 15.65 years), p = 

0.07. The proportions of current alcohol drinkers (20.5% 

vs 9.6%) and smokers (12.7% vs 8.8%) were higher 

among participants residing in poor HQ than those in 

good HQ. Similarly, clinical characteristics such as stress 

(74.3% vs 71.2%) and depression (37.0% vs 30.0%) 

were more pronounced among participants residing in 

poor HQ compared to those in good HQ.  The mean sys-

tolic BP (129.32 ± 16.31 mmHg vs 124.27 ± 12.23 

mmHg) and diastolic BP (74.18 ± 11.42 mmHg vs 71.46 

± 10.55 mmHg) were higher among participants living in 

poor HQ than those in good HQ, p<0.05. 

Table 2 shows the interaction between fruit and vegeta-

ble consumption categories, hypertension, and HQ status. 

Although the prevalence of low fruit consumption 

(13.1% vs 3.6%) was significantly higher among partici-

Sociodemographic Characteristics All Participants 
N= 700 

Participants with Poor 
Housing Quality 
N= 440 

Participants with Good 
Housing Quality 
N= 260 

P-value 

Age: mean ± SD (years) 
<30 
30-39 
40-49 
50-59 
60-69 
70-79 
>79 

47.52 ± 16.44 
105 (15.0) 
108 (15.4) 
196 (28.0) 
108 (15.4) 
86 (12.3) 
65 (9.3) 
32 (4.6) 

47.69 ± 16.90 
64 (14.5) 
76 (17.3) 
123 (28.0) 
55 (12.5) 
54 (12.3) 
46 (10.5) 
22 (5.0) 

47.22 ± 15.65 
41 (15.8) 
32 (12.3) 
73 (28.1) 
53 (20.4) 
32 (12.3) 
19 (7.3) 
10 (3.8) 

0.070 
  
0.072 

Sex  
Male 
Female 

  
105 (15.0) 
595 (85.0 

  
69 (15.7) 
371 (84.3) 

  
36 (13.8) 
224 (86.2) 

  
0.511 

Marital Status 
Single 
Married 
Divorced 
Widowed 

  
76 (10.9) 
514 (73.4) 
24 (3.4) 
86 (12.3) 

  
46 (10.5) 
332 (75.5) 
10 (2.3) 
52 (11.8) 

  
30 (11.5) 
182 (70.0) 
14 (5.4) 
34 (13.1) 

  
0.129 

Education 
No Education 
Primary 
Junior Secondary 
Senior Secondary 
Tertiary 

  
166 (23.7) 
162 (23.1) 
133 (19.0) 
142 (20.3) 
97 (13.9) 

  
112 (25.5) 
110 (25.0) 
82 (18.6) 
80 (18.2) 
56 (12.7) 

  
54 (20.8) 
52 (20.0) 
51 (19.6) 
62 (23.8) 
41 (15.8) 

  
0.134 

Average monthly income 
< US$ 100 
≥ US$ 100 

  
652 (95.9) 
28 (4.1) 

  
409 (95.6) 
19 (4.4) 

  
243 (96.4) 
9 (3.6) 

  
0.582 

Ethnicity* 
Yoruba 
Hausa 
Igbo 

  
691 (98.7) 
5 (0.7) 
4 (0.6) 

  
434 (98.6) 
3 (0.7) 
3 (0.7) 

  
257 (98.8) 
2 (0.8) 
1 (0.4) 

  
0.847 

Religion 
Muslim 
Christianity 

  
614 (87.7) 
86 (12.3) 

  
392 (89.1) 
48 (10.9) 

  
222 (85.4) 
38 (14.6) 

  
0.149 

Occupation* 
Trader 
Civil Servant 
Farmer 
Professional 
Artisan 
Not Employed 

  
541 (77.3) 
5 (0.7) 
6 (0.9) 
71 (10.1) 
47 (6.7) 
30 (4.3) 

  
347 (78.9) 
5 (1.1) 
5 (1.1) 
38 (8.6) 
25 (5.7) 
20 (4.5) 

  
194 (74.6) 
0 (0.0) 
1 (0.4) 
33 (12.7) 
22 (8.5) 
10 (3.8) 

  
0.035 

Physical activity 
Physically inactivity 
Physically active 

  
581 (83.0) 
119 (17.0) 

  
372 (84.5) 
68 (15.5) 

  
209 (80.4) 
51 (19.6) 

  
0.157 

*Fisher’s Exact Test; Family Hx - Family History; SD – Standard deviation; BMI – Body mass index; HTN - Hypertension 

Table 1A. Sociodemographic, Anthropometry, and Clinical characteristics of participants  
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pants with hypertension than those without hypertension, 

no significant difference was observed in terms of low 

fruit consumption (7.7% vs 5.8%) between participants 

residing in poor HQ compared to those in good HQ. No-

tably, the prevalence of low vegetable consumption was 

significantly different between participants with and 

without hypertension (43.8% vs 15.4%; p<0.001), and 

the same was observed among participants residing in 

houses with poor HQ versus good HQ (30.5% vs 17.3%; 

p<0.001). Although low total fruit and vegetable con-

sumption (65.7% vs 26.9%; p<0.001) was more preva-

lent among participants with hypertension than those 

without hypertension, a similar pattern was observed in 

terms of low total fruit and vegetable consumption 

(48.2% vs 28.5%; p<0.001) among participants living in 

houses with poor HQ compared to those in houses with 

good HQ. 

Table 3-5 shows the adjusted odds of hypertension due to 

Sociodemographic Characteristics All Participants 
N= 700 

Participants with Poor 
Housing Quality 
N= 440 

Participants with Good 
Housing Quality 
N= 260 

P-value 

Alcohol 
Never 
Former drinker 
Current drinker 

  
446 (63.7) 
139 (19.9) 
115 (16.4) 

  
274 (62.3) 
76 (17.3) 
90 (20.5) 

  
172 (66.2)  
63 (24.2) 
25 (9.6) 
  

  
<0.001 

Ever smoked 
No 
Yes 

  
621 (88.7) 
79 (11.3) 

  
384 (87.3) 
56 (12.7) 

  
237 (91.2) 
23 (8.8) 

  
0.117 

Stress (yes) 
No 
Yes 

  
188 (26.9) 
512 (73.1) 

  
113 (25.7) 
327 (74.3) 

  
75 (28.8) 
185 (71.2) 

  
0.361 

Depression (yes) 
No 
Yes 

  
459 (65.6) 
241 (34.4) 

  
277 (63.0) 
163 (37.0) 

  
182 (70.0) 
78 (30.0) 

  
0.058 

Family Hx of HTN 
Yes 
No 

  
208 (29.7) 
492 (70.3) 

  
138 (31.4) 
302 (68.6) 

  
70 (26.9) 
190 (73.1) 

  
0.214 

BMI; mean ± SD (kg/m2) 
<25 
≥25 

  
286 (43.2) 
376 (56.8) 

1.58 ± 0.49 
176 (72.1) 
242 (57.9) 

1.55 ± 0.50 
110 (45.1) 
134 (54.9) 

0.169 
  
0.456 

Waist-Hip ratio; mean ±SD 
<0.85 
≥0.85 

  
365 (52.1) 
335 (47.9) 

1.48 ± 0.50 
229 (52.0) 
211 (48.0) 

1.48 ± 0.50 
136 (52.3) 
124 (47.7) 

0.892 
  
0.946 

Blood pressure; mean ± SD 
Systolic blood pressure 
Diastolic blood pressure 

  
127.44±15.11 
73.17±11.18 

  
129.32 ± 16.31 
74.18 ± 11.42 

  
124.27 ± 12.23 
71.46 ± 10.55 

  
<0.001 
0.039 
  

Family Hx - Family History; SD – Standard deviation; BMI – Body mass index; HTN - Hypertension 

Table 1B. Sociodemographic, Anthropometry, and clinical characteristics of participants (Cont’d) 

Characteristics Overall, N = 
700 

Hypertension (HTN) status 
  

Housing quality (HQ) status 

Participant with HTN; 
N = 251 

Participant with-
out HTN; N = 449 

p-value 
  

Poor HQ; 
N = 440 

Good HQ; 
N = 260 

p-value 
  

Fruit consumption 
Low; 0 portion 
Moderate; 1-4 portions 
High; ≥5 portions 

  
 49(7.0%) 
498(71.1%) 
153(21.9%) 

  
 33(13.1%) 
190(75.7%) 
28(11.2%) 

  
 16(3.6%) 
308(68.6%) 
125(27.8%) 

  
 <0.001 

  
 34(7.7%) 
317(72.0%) 
89(20.2%) 

  
 15(5.8%) 
181(69.6%) 
64(24.6%) 

  
 0.29 

Vegetable consump-
tion 
low; 0-2 portions 
Moderate; 3-9 portions 
High; ≥10 portions 

  
  
179(25.6%) 
443(63.3%) 
78(11.1%) 

  
  
110(43.8%) 
136(54.2%) 
5(2.0%) 

  
  
69(15.4%) 
307(68.4%) 
73(16.3%) 

  
  
<0.001 

  
  
134(30.5%) 
264(60.0%) 
42(9.5%) 

  
  
45(17.3%) 
179(68.8%) 
36(13.8%) 

  
  
<0.001 

Total fruit and vegeta-
ble consumption 
Low; 0-6 portions 
Moderate; 7-14 portions 
High; ≥15 portions 

  
 
286(40.9%) 
287(41.0%) 
127(18.1%) 

  
  
165(65.7%) 
82(32.7%) 
4(1.6%) 

  
  
121(26.9%) 
205(45.7%) 
123(27.4%) 

  
  
<0.001 

  
  
212(48.2%) 
173(39.3%) 
55(12.5%) 

  
  
74(28.5%) 
114(43.8%) 
72(27.7%) 

  
  
<0.001 

Table 2. Relationship between fruit and vegetable consumption with hypertension (HTN) status and housing quality (HQ) status 
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fruits, vegetables, and total fruit and vegetable consump-

tion with a stratification by HQ status. After adjusting for 

known covariates, a significant inverse association was 

observed between medium and high servings of fruits 

[(aOR 0.37; 95% CI: 0.15, 0.88) and (aOR 0.14; 95% CI: 

0.05, 0.36)], vegetables [(aOR 0.27; 95% CI: 0.17, 0.43) 

and (aOR 0.06; 95% CI: 0.02, 0.17)] and total fruits and 

vegetable consumption [(aOR 0.36; 95% CI: 0.23, 0.56) 

and (aOR 0.03; 95% CI: 0.01, 0.09)] and hypertension. 

After stratification by HQ status, participants who con-

sume medium (aOR 0.26; 95% CI: 0.12, 0.45) and high 

(aOR 0.07; 95% CI: 0.02, 0.22) servings of vegetable per 

week were 74% and 93% respectively less likely to de-

velop hypertension if they reside in houses with good HQ 

compared to those that consumes low vegetable per 

week. Similarly, participants who consume medium 

(aOR 0.25; 95% CI: 0.12, 0.56) and high (aOR 0.02; 

95% CI: 0.03, 0.10) servings of total fruit and vegetables 

per week were at lower odds of hypertension if they re-

side in houses with good HQ. 

 

4.0 DISCUSSION 

We examined the role of HQ in the interaction between 

fruit and vegetable consumption and hypertension among 

adults in Osogbo. The current study confirmed the in-

verse association between fruit and vegetable consump-

tion and hypertension. Interestingly, we found that the 

odds of hypertension due to fruit and vegetable consump-

tion were much lower among adults residing in houses 

with good HQ than those living in poor HQ. This sug-

gests that housing quality plays a significant role in 
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  Unadjusted, OR 
(95% CI) 

Adjusted aOR (95% CI) Housing Quality (HQ) status 
  

Poor HQ; aOR (95% CI) Good HQ; aOR (95% CI) 
  

Fruit consumption; 
medium 
high 

  
0.30(0.16-0.56) 
0.11(0.05-0.22) 

  
0.37(0.15-0.88) 
0.14(0.05-0.36) 

  
0.12(0.03-0.57) 
0.05(0.01-0.22) 

  
0.17(0.21-1.48) 
0.35(0.05-1.36) 

Age; >50 yrs 1.94(1.41-2.66) 3.33(2.14-5.18) 3.70(2.19-6.24) 3.24(1.27-8.26) 
Sex; female 1.56(0.99-2.47) 1.24(0.67-2.29) 1.01(0.50-2.03) 2.76(0.54-14.07) 
Housing tenure: rented 4.80(2.95-7.81) 3.15(2.04-4.85) 2.76(1.64-4.64) 4.77(1.96-11.56) 
Occupancy; >5 2.02(1.48-2.77) 5.74(3.10-10.63) 4.52(2.27-9.03) 17.77(4.40-71.74) 
Av. monthly income;<US$ 100 0.30(0.14-0.67) 0.26(0.08-0.80) 0.18(0.04-0.75) 0.47(0.06-3.84) 
Physical activity: inactive 2.39(1.49-3.84) 2.25(1.26-4.03) 1.68(0.84-3.36) 6.16(1.40-27.09) 
Depression; yes 2.23(1.61-3.08) 2.24(1.47-3.42) 2.55(1.53-4.24) 2.01(0.82-4.90) 
Stress; yes 1.66(1.15-2.40) 2.14(1.30-3.54) 2.19(1.22-3.92) 1.49(0.49-4.57) 
BMI; >25kg/m2 1.52(1.10-2.10) 1.85(1.19-2.90) 1.82(1.06-3.12) 2.82(1.12-7.11) 
WHR; >0.85 1.49(1.09-2.03) 1.79(1.18-2.71) 1.58(0.96-2.63) 1.65(0.74-3.70) 
Family hx of HTN; yes 0.49(0.36-0.68) 2.50(1.60-3.91) 2.45(1.31-3.85) 3.78(1.58-9.04) 
Housing quality: poor 4.36(3.0-6.34) 3.73(2.83-5.83) - - 
BMI – Body mass index; WHR – Waist-Hip ratio; HTN- Hypertension. The model was adjusted for age (≤50 vs >50 years), sex (male vs female), monthly income (<$100 vs. $100), 
house ownership (owned vs rented), occupancy (≤5 vs >5), physical inactivity (no vs. yes), stress (no vs yes), depression (no vs yes), BMI (<25 vs. ≥25 kg/m2), WHR (<0.85 vs ≥0.85), 
family history of hypertension (no vs. yes) and housing quality (poor vs good). 

  

Table 3. Adjusted Odds ratio and 95% CI for the association of fruit consumption with hypertension (HTN) stratified by Housing Quality (HQ) status 

  Unadjusted, OR (95% 
CI) 

Adjusted aOR (95% 
CI) 

Housing Quality (HQ) status 
  

Poor HQ; aOR (95% CI) Good HQ; aOR (95% CI) 
  

Vegetable consumption; 
medium 
high 

  
0.28(0.19-0.40) 
0.04(0.02-0.11) 

  
0.27(0.17-0.43) 
0.06(0.02-0.17) 

  
0.30(0.15-0.74) 
0.20(0.11-0.34) 

  
0.26(0.12-0.45) 
0.07(0.02-0.22) 

Age; >50 yrs 1.94(1.41-2.66) 3.92(2.49-6.17) 5.0(2.88-8.68) 2.79(1.11-7.01) 
Sex; female 1.56(0.99-2.47) 1.04(0.55-1.96) 0.86(0.41-1.79) 1.8(0.36-9.09) 
Housing tenure: rented 4.80(2.95-7.81) 3.09(1.96-4.87) 2.88(1.67-4.96) 4.42(1.77-11.07) 
Occupancy; >5 2.02(1.48-2.77) 6.58(3.48-12.43) 5.33(2.61-10.88) 17.23(3.60-82.51) 
Av. monthly income;<US$ 100 0.30(0.14-0.67) 0.20(0.07-0.56) 0.10(0.03-0.40) 0.55(0.07-4.07) 
Physical activity: inactive 2.39(1.49-3.84) 1.78(0.99-3.18) 1.51(0.77-2.99) 2.80(0.70-11.23) 
Depression; yes 2.23(1.61-3.08) 2.26(1.47-3.47) 2.81(1.68-4.72) 1.75(0.71-4.32) 
Stress; yes 1.66(1.15-2.40) 2.14(1.30-3.53) 2.21(1.23-3.95) 1.39(0.46-4.24) 
BMI; >25kg/m2 1.52(1.10-2.10) 1.92(1.21-3.05) 1.98(1.13-3.48) 2.41(0.93-6.22) 
WHR; >0.85 1.49(1.09-2.03) 1.58(1.03-2.45) 1.47(0.87-2.50) 1.45(0.62-3.38) 
Family hx of HTN; yes 0.49(0.36-0.68) 2.85(1.79-4.56) 2.51(1.44-4.38) 4.73(1.86-12.01) 
Housing quality: poor 4.36(3.0-6.34) 3.58(2.24-5.71) - - 
BMI – Body mass index; WHR – Waist-Hip ratio; HTN- Hypertension. The model was adjusted for age (≤50 vs >50 years), sex (male vs female), monthly income (<$100 vs. $100), 
house ownership (owned vs rented), occupancy (≤5 vs >5), physical inactivity (no vs. yes), stress (no vs yes), depression (no vs yes), BMI (<25 vs. ≥25 kg/m2), WHR (<0.85 vs ≥0.85), 
family history of hypertension (no vs. yes) and housing quality (poor vs good). 

  

Table 4. Adjusted Odds ratio and 95% CI for the association of vegetable consumption with hypertension (HTN) stratified by Housing Quality (HQ) status 
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strengthening the positive impact of fruit and vegetable 

consumption on hypertension, which could extend to oth-

er cardiovascular risk factors and non-communicable 

diseases. Given the widely reported significance of im-

proved HQ in the primary prevention of cardiovascular 

diseases, our findings support efforts at designing public 

health strategies and interventions for promoting HQ in 

Nigeria. 

Our findings concur with previous epidemiological stud-

ies, including evidence from an African-wide study 

among the indigenous black population [2] on the signifi-

cance of fruit and vegetable consumption on the risk of 

hypertension. Similarly, the LabMed study in Portugal 

reported an inverse association between fruit consump-

tion and systolic blood pressure, especially among girls 

[8]. The protective association of fruits and vegetable 

consumption with hypertension follows biological plausi-

bility principles and provides a veritable intervention for 

the primary prevention of hypertension [24, 25]. Along-

side our findings, a Swedish cohort found that long-term 

adherence to the DASH diet was linked to a decreased 

incidence of heart failure [26]. The DASH diets discour-

age the use of items high in energy, such as processed 

meat, sugar-sweetened products, and sodium, and en-

courages the consumption of a variety of low-fat foods, 

such as fruits, vegetables, and whole grains [25]. Of note, 

high fruit and vegetable consumption has been associated 

with reduced levels of oxidative stress and inflammation 

parameters and increased levels of antioxidant defense 

[27, 28]. 

The protective effect of fruit and vegetable consumption 

on the risk of hypertension was retained regardless of the 

HQ status. This confirms the independent role of fruit 

and vegetable consumption on direct and indirect health 

outcomes [29, 30]. Despite the consistent effect of fruit 

and vegetable consumption on hypertension reduction, 

residing in houses with good HQ produced much lower 

odds of hypertension than living in poor quality houses. 

It is therefore important to note the crucial contribution 

of housing to the link between fruit and vegetable con-

sumption and hypertension among adults. A poor HQ in 

the current study was determined by a low HQI score, 

which suggests the absence of 7 essential housing facili-

ties, including space and a cooking area. The lack of 

space could contribute to reduced vegetable consumption 

in the diet. A cross-sectional evaluation of home vegeta-

ble availability reported a lower vegetable availability 

among food-insecure families, and that food-insecure 

families were more likely to report barriers to buying and 

preparing/cooking vegetables [31]. Interestingly, HQ 

improves the protective effect of fruit and vegetable con-

sumption on the risk of hypertension. 

A significant advantage of the study was the objective 

assessment of HQ, which yielded comprehensive infor-

mation on the condition of the examined houses in con-

trast to prior studies that employed a subjective approach 

[32], which may introduce bias. Also, using a validated 

hypertension definition [33] in the current study was a 

significant strategy to minimize the risk of misclassifica-

tion. In addition, measurement error is possible while 

assessing participants' homes. Using the same assessor 

throughout the study ensured a minimal measurement 

error. However, the cross-sectional design precludes 

causal inferences, and the relatively small sample size 
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  Unadjusted, OR (95% CI) Adjusted OR (95% CI) Housing Quality (HQ) status 
  

Poor HQ; aOR (95% CI) Good HQ; aOR (95% CI) 
  

Total fruit and vegetable consumption; 
medium 
high 

  
0.29(0.21-0.42) 
0.03(0.01-0.07) 

  
0.36(0.23-0.56) 
0.03(0.01-0.09) 

  
0.30(0.22-0.62) 
0.12(0.01-0.30) 

  
0.25(0.12-0.56) 
0.02(0.03-0.10) 

Age; >50 yrs 1.94(1.41-2.66) 3.30(2.08-5.25) 4.23(2.39-7.50) 2.50(0.98-6.40) 
Sex; female 1.56(0.99-2.47) 1.00(0.52-1.93) 0.80(0.37-1.74) 2.08(0.41-10.69) 
Housing tenure: rented 4.80(2.95-7.81) 3.05(1.93-4.80) 2.99(1.72-5.22) 4.71(1.87-11.89) 
Occupancy; >5 2.02(1.48-2.77) 6.56(3.44-12.51) 6.02(2.78-13.01) 13.12(3.28-52.42) 
Av. monthly income;<US$ 100 0.30(0.14-0.67) 0.30(0.10-0.88) 0.18(0.05-4.20) 0.82(0.12-5.62) 
Physical activity: inactive 2.39(1.49-3.84) 2.07(1.15-3.74) 2.10(1.05-4.20) 3.85(0.98-15.08) 
Depression; yes 2.23(1.61-3.08) 2.37(1.52-3.69) 2.86(1.66-4.94) 1.82(0.73-4.53) 
Stress; yes 1.66(1.15-2.40) 1.97(1.18-3.30) 2.19(1.18-4.04) 1.29(0.42-3.90) 
BMI; >25kg/m2 1.52(1.10-2.10) 2.26(1.39-3.67) 2.43(1.35-4.36) 2.44(0.95-6.31)1 
WHR; >0.85 1.49(1.09-2.03) 1.43(0.92-2.23) 1.49(0.86-2.57) 1.33(0.57-3.10) 
Family hx of HTN; yes 0.49(0.36-0.68) 2.54(1.58-4.10) 2.03(1.14-3.63) 3.96(1.60-9.84) 
Housing quality: poor 4.36(3.0-6.34) 2.93(1.81-4.73) - - 
BMI – Body mass index; WHR – Waist-Hip ratio; HTN- Hypertension. The model was adjusted for age (≤50 vs >50 years), sex (male vs female), monthly income 
(<$100 vs. $100), house ownership (owned vs rented), occupancy (≤5 vs >5), physical inactivity (no vs. yes), stress (no vs yes), depression (no vs yes), BMI (<25 
vs. ≥25 kg/m2), WHR (<0.85 vs ≥0.85), family history of hypertension (no vs. yes) and housing quality (poor vs good). 
  

Table 5. Adjusted Odds ratio and 95% CI for the association of total fruits and vegetables consumption with hypertension (HTN) stratified by Housing Quality 
(HQ) status 
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may limit the generalizability of our findings. Also, no 

relevant studies explain the underlying mechanism of the 

association due to the complexities associated with hous-

ing. Longitudinal studies are essential to understand the 

interaction mechanism further and further discern the 

causal association between HQ and hypertension in this 

population. 

This study illuminated our understanding of the im-

portance of housing in disease acquisition. It revealed 

that good HQ improves the protective effect of fruits and 

vegetable consumption on the risk of hypertension. 

Therefore, improving the living environment by imple-

menting essential housing facilities is imperative to re-

ducing the burden of hypertension in Nigeria. Also, ef-

forts to enhance housing quality as part of comprehen-

sive strategies to address the growing epidemic of non-

communicable diseases should be prioritized. 
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