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Abstract

Dietary risks significantly contribute to hypertension in West Africa. Food frequency ques-
tionnaires (FFQs) can provide valuable dietary assessment but require rigorous validation
and careful design to facilitate usability. This study assessed the feasibility and interest of a
dietary screening tool for identifying adults at high risk of hypertension in Nigeria. Fifty-eight
(58) consenting adult patients with hypertension and their caregivers and 35 healthcare pro-
fessionals from a single-centre Nigerian hospital were recruited to complete a 27-item FFQ
at two-time points and three 24-hour recalls for comparison in a mixed method study
employing both quantitative questionnaires and qualitative techniques to elicit free form text.
Data analyses were conducted using R software version 4.3.1 and NVivo version 14. The
trial was registered with ClinicalTrials.gov. NCT05973760. The mean age of patients was
42.6 £ 11.9 years, with an average SBP of 140.3 + 29.8 mmHg and a BMI of 29.5 + 7.1 Kg/
m?. The adherence rate was 87.9%, and the mean completion time was 7:37 minutes.
96.6% of patients found the FFQ easy to complete, comprehensive, and valuable. A minor-
ity reported difficulty (3.4%), discomfort (10.3%), and proposed additional foods (6.9%).
Healthcare professionals considered the dietary screening tool very important (82.9%) and
expressed a willingness to adopt the tool, with some suggestions for clarification. Patients
and healthcare professionals found the screening tool favourable for dietary counselling in
hypertension care. The tailored dietary screening tool (FFQ) demonstrated promising feasi-
bility for integration into clinical care as assessed by patients and healthcare professionals.
Successful implementation may benefit from proactive time management and addressing
training needs. This user-centred approach provided key insights to refine FFQ and set the
foundation for ongoing validity testing and evaluation in clinical practice.
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Introduction

Hypertension is the leading preventable risk factor for cardiovascular disease, responsible for
over 10 million deaths annually [1]. Approximately 40% of people aged 30-79 years have
hypertension, with two-thirds of cases living in low- and middle-income countries, including
African countries (WHO, 2021). West Africa experiences a disproportionately high hyperten-
sion burden, with prevalence estimates ranging from 19% to 50% in adults [2, 3]. In Nigeria,
hypertension prevalence rose 17% between 2010 and 2019 to affect 1 in 4 adults [4-6]. Yet
<30% of hypertensive adults in Nigeria achieve recommended blood pressure control [7, 8],
driven by poor healthcare access, high medication costs, and non-adherence to anti-hyperten-
sive medications [9].

Unhealthy diets constitute a major modifiable risk factor for hypertension in Nigeria [1,
10, 11]. Our previous work provides region-specific evidence that elevated consumption of
salt, red meat, processed foods, fried foods, fat, and alcohol are associated with an increased
likelihood of hypertension in Nigeria and other West African countries, while fruits, vegeta-
bles, and nuts appeared protective [12]. In line with this evidence, we have developed a die-
tary screening tool for clinical use to identify individuals at high risk of hypertension based
on their self-reported dietary habits [8]. This is a key first step in West Africa, where inade-
quate tools for clinicians, low screening rates, and limited awareness levels among the popu-
lation contribute to delayed diagnosis and intervention for hypertension [3, 13].
Interestingly, although generalised dietary screening tools are available, culturally tailored
dietary questionnaires are often more accurate and reliable [14-16]. Therefore, our dietary
tool offers a unique and valuable opportunity for healthcare professionals in West Africa to
accurately capture patient dietary habits and mitigate hypertension morbidity and mortality
earlier in life [3, 13, 17-19].

The validation and implementation of clinical dietary screening tools is challenging,—con-
strained by workflow integration difficulties, data interpretation, healthcare professional train-
ing and time limitations [20, 21]. To surmount these barriers, it is imperative to ensure that a
study (i) minimises the risk of bias, and (ii) ensures that the tools and methods are acceptable
and appropriate for participants (i.e., healthcare professionals and patients) before evaluating
the efficacy of the tool. Therefore, this study aimed to assess the feasibility and acceptability of
this West African tailored dietary tool in a clinical setting for screening individuals at risk of
hypertension in Nigeria.

Materials and methods
Study design and setting

This study utilised a single-centre, cross-sectional feasibility study with a mixed methods
design combining quantitative and qualitative approaches to evaluate the acceptability, practi-
cality, and perceived utility of implementing a screening tool for dietary assessment in routine
clinical practice for hypertension management. The study was conducted in the outpatient
(Family Medicine and Internal Medicine) clinics of Rivers State University Teaching Hospital
(RSUTH), Port Harcourt, Rivers State, Nigeria. Patients interested in the study were referred
directly by healthcare professionals to the study team or through recruitment fliers and post-
ers. Eligibility was determined using a structured questionnaire. The full inclusion and exclu-
sion criteria are presented in Table 1. Eligible patients were then allocated to either
hypertension or non-hypertension categories. The study lasted for 4 weeks. We adhered to
SPIRIT guidelines for reporting clinical trials [22].
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria
Age between 18 and 70 years Individuals < 18 years or > 70 years of age
Men and women Pregnant women or intend to become pregnant or breastfeeding

woman

Hypertensive or non-hypertensive Diagnosis of other chronic diseases such as cancer, diabetes, renal
individual failure, endocrine diseases, and previous and recent history of
Individuals who have been residents in Cardiovascular disease (CVD) and stroke.
Nigeria for the past 2 years.
Ability to read, write, and communicate Individuals on dietary restriction or recent changes to their diet or
over the phone in English food
Individuals who gave their consent to Individuals who are currently enrolled in other studies
participate.

https://doi.org/10.1371/journal.pone.0294370.t001

Participant recruitment

The patients were recruited during routine clinic visits over 4 weeks between June and July
2023 through recruitment posters displayed in key areas of the hospital, clinician referrals, and
engaging discussions during morning briefing sessions where vital signs are taken from
patients in the internal medicine and family medicine departments of Rivers State University
Teaching Hospital (RSUTH). The healthcare professionals identified eligible participants
based on study criteria and informational posters and referred interested participants to the
study team for further screening. In total, 90 patients expressed interest in the study and were
screened for eligibility, which yielded 66 patients. Additionally, 35 healthcare professionals
were recruited through informational files distributed in the hospital and presentations at
clinic meetings.

Ethics approval and informed consent

The study protocol was submitted to the following ethics boards. Business, Earth & Environ-
ment, Social Sciences (AREA FREC) Committee, University of Leeds, Leeds, United Kingdom
on 21% March 2023, and the Rivers State University Teaching Hospital Research Ethics Com-
mittee in Port Harcourt, Nigeria on 20" March 2023 and granted final approval with the
approval number: 0484 on 28/04/2023 and approval number: RSUTH/REC/2023316 on 30/
03/2023 respectively. All participants provided informed consent to participate in this research
study. Before enrolment, every patient read a simplified version of the participant information
sheet. They were given an opportunity to engage with the study staff to ensure informed con-
sent to participate in the study. Subsequently, all 66 patients provided written informed con-
sent before participating in the study. The healthcare professionals gave written informed
consent to provide qualitative feedback on the screening tools. The trial was registered at clini-
caltrials.gov (Trial Registration: NCT05973760).

Study protocol

The study was a single-cantered feasibility study conducted among adult outpatients (Family
Medicine and Internal Medicine) clinics of the Rivers State University Teaching Hospital in
Nigeria between July 2023 and August 2023. Participants were seen at a screening visit 1-4
weeks to assess eligibility per established inclusion/exclusion criteria before the dietary assess-
ment (Table 1). If eligibility criteria were met, the patients were allocated into hypertensive
and normotensive groups based on their history of hypertension, and informed consent was
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obtained from participants. The feasibility of the screening tool was evaluated in a small num-
ber of participants (n = 101) consisting of 66 patients and 35 healthcare professionals (Fig 1).

In the week 1 post-allocation study visit, participants underwent baseline assessments con-
sisting of demographic and health questionnaires, anthropometric measurements (height and
weight), and blood pressure evaluation. The participant’s height and body weight were mea-
sured two times using a standard stadiometer (model number: DG2301, China). The body
mass index (BMI) was calculated from the measurement of the height and body weight of each
patient. The participant’s blood pressure was measured two times in the non-dominant arm
using an automated mercury sphygmomanometer (model number: ZK-BB68, Shenzhen,
China).

On the second study visit, eligible patients and healthcare professionals filled out the screen-
ing tools (27-item semi-quantitative food frequency questionnaire) (S1 Table in S1 File).
Alongside the screening tool, the first 24-hour dietary recall (24HR) was used to garner dietary
intake data from the patients. Finally, on the third study visit, eligible patients and healthcare
professionals completed a one-time survey examining the completion rates, clarity of ques-
tions, ease of use, cultural appropriateness and difficulty encountered while answering the
questions. Additionally, the healthcare professionals provide qualitative feedback on the clini-
cal relevance, their perceptions surrounding the integration of the screening tool into clinical
practice and the potential impact of the screening tool on patient care in Nigerian healthcare
settings and suggest improvements to optimise the questionnaire’s effectiveness for the pre-
vention and dietary management of hypertension. The healthcare professional’s survey was
adapted from previous studies on clinical adoption of health technologies [23]. Questions uti-
lised a 5-point Likert-type scale and open-ended formats.

Dietary screening tool (FFQ)

The screening tool for this study was a semi-quantitative food frequency questionnaire (FFQ)
containing 27 food groups covering common Nigerian and other West African foods and
dishes informed by our previous systematic review and meta-analysis on dietary factors associ-
ated with hypertension in West Africa [12] and the Nigerian and Ghana National Nutrition
guidelines on non-communicable disease prevention [24, 25] (S1 Table in S1 File). For each
food group, participants reported consumption frequency ‘on a typical week’ over the past
month or so, and answers corresponded to one out of four options, with categories ranging
from ‘rarely or never, ‘1-2 times/week’, ‘3-5 times/week’, ‘daily’, and ‘more than once per day’.
Additional questions related to salt intake behaviour were appended to the FFQ. The FFQ was
self-administered. According to the Flesch-Kincaid scale, the reading level was at a 6th-grade
level [26].

Participant compensation

Patients and healthcare professionals received a gift card incentive of £5 (approximately
#6,000) after completing the third study visit involving the FFQ and surveys. Healthcare pro-
fessionals received a gift card incentive of £5 (}#6,000) upon completing the one-time feasibility
and perceptions survey about the screening tool.

Sample size and sampling technique

The target sample size was 50 patients allocated into hypertensive and non-hypertensive
groups, with a ratio of 1:1 between groups. This was estimated based on published recommen-
dations for feasibility studies and qualitative research to allow for sufficient power for the vali-
dation analyses and achieving thematic saturation for qualitative feedback [27-30], [31] and
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Fig 1. Participant selection and sequence of assessments flowchart. FFQ: food frequency questionnaire, 24 HR: 24-hour dietary recalls, BP: Blood pressure, H:

Height, W: Weight.

https://doi.org/10.1371/journal.pone.0294370.g001

was adjusted to account for up to a 20% dropout rate [32, 33]. For healthcare professionals pro-
viding qualitative feedback, a sample of 25 was deemed adequate to capture the full range of
feedback questions and enable thematic saturation based on previous research indicating that
approximately 20-30 participants are needed to reach saturation and informational redun-
dancy in qualitative interview studies, beyond which limited additional themes emerge [31,
34-36].
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Statistical analysis

The quantitative and qualitative analyses were conducted in R version 4.3.1 [37] and NVivo
version 14 [38], respectively. The quantitative data were exported to R statistical software and
analysed using descriptive statistics, including frequencies, means, and standard deviations.
Completion rates, retention and adherence were analysed as percentages. The mean comple-
tion time between the first and second visits was calculated. Patient and healthcare profession-
als’ responses to 5-point Likert scale questions were analysed as means and standard
deviations.

Qualitative responses from the healthcare professionals underwent thematic analysis to
identify common themes through an iterative process and stepwise process of open coding,
categorisation, and consensus building among analysts [39, 40]. First, the qualitative feedback
from healthcare professionals, which was collected through open-ended questionnaires and
interviews, transcribed verbatim, was entered into Microsoft Excel for organisation by partici-
pant group. The responses were then imported into NVivo 14 qualitative analysis software
[38] for thematic analysis. This followed an iterative process, which involved initial open cod-
ing to extract broad themes, focused coding to categorise responses under identified themes,
constant comparison between groups, and saturation assessment.

Two independent coders analysed the data to enhance rigour. Any inconsistencies between
coders were resolved through in-discussion and consensus building to achieve full agreement
on emerging themes and sub-themes related to feasibility, usability, cultural appropriateness,
limitations, and integration considerations. The coders compared their independent coding
and discussed discrepancies until reaching a consensus on the themes, sub-themes, and repre-
sentative quotes. The themes were quantified by calculating the percentage of participants
mentioning each theme. Representative quotes were identified. The results were reported as
mean * SD and median for continuous data and n (%) for categorical data, and p-values <0.05
were considered statistically significant.

Results

Patient’s feasibility outcomes

Patient’s characteristics. Ninety patients were initially screened; 66 met the inclusion cri-
teria, provided informed consent, and enrolled in the study. Twenty-four patients were
excluded (10 were on dietary restriction, 6 had a recent change of diet, and 8 were aged less
than 18 years). After exclusions, 58 patients completed the study, including 40 women (69%)
and 18 men (31%). Eight patients were excluded due to incomplete FFQ data (Fig 2). The
mean age was 42.6 + 11.9 years, with males averaging 40.5 + 12.1 years and females 43.5 + 11.8
years. Educational levels ranged from primary schooling (3.4%) to postgraduate degrees
(24.1%). Regarding marital status, 67.2% were married, 31.0% were single, and 1.7% were wid-
owed. Employment displayed diversity, with 24.1% self-employed and 37.9% in government
positions. Over half (55.2%) reported a family history of hypertension, indicating a potential
inherited predisposition. Additionally, 50% had hypertension, varying from under one year
(31.0%) to over five years (41.4%). Only 22 (75.9%) of the 29 patients with hypertension were
on antihypertensive medications (Table 2).

Table 3 presents the cross-sectional measurements of the patients. On average, the patients
had a body weight of 79.4 + 17.2 kg. Men weighed more, with an average of 87.3 £19.0 kilo-
grams, compared to women, who averaged 75.8 + 15.2 kilograms. The overall height averaged
1.65 + 0.1 meters, with males being taller at 1.77 + 0.1 meters as opposed to females, whose
height averaged at 1.60 + 0.1 meters. The mean Body mass index (BMI) calculated was
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Fig 2. Patient recruitment and enrolment flowchart. FFQ: Food frequency questionnaire, 24HR: 24-hour dietary recall, n: number.

https://doi.org/10.1371/journal.pone.0294370.g002

29.5 + 7.1 kg/m®. The average systolic and diastolic blood pressure were 140.3 + 22.9 mmHg
and 87.4 £ 17.3 mmHg, respectively, across all patients.

Retention and adherence. Of the 66 enrolled patients, 58 completed the screening tools
(FFQ) during the initial and follow-up study visits, with a retention rate of 87.9%, demonstrat-
ing a high level of participant engagement and commitment throughout the study duration
(Fig 2). In evaluating participant adherence, the study demonstrated a high level of compli-
ance. Out of the 66 patients initially recruited, 58 completed all required assessments and activ-
ities, resulting in an adherence rate of approximately 87.9% (Fig 2). Notably, eight participants
faced challenges in adhering to the study protocols, resulting in instances of non-adherence.
Specifically, three participants completed the initial Food Frequency Questionnaire (FFQ) but
could not proceed with the second FFQ due to work schedule constraints. Additionally, five
participants completed the first 24-hour recall but encountered challenges in completing the
subsequent recalls, with reasons including poor network signal (n = 3) and participants not
responding (n = 5).

Completion rates and time. The completion rate for the 27-item FFQ was 100% (66
patients) at the first study visit. At three weeks, the completion rate was 87.9% (58/66 patients)
(Fig 2). The mean time to complete the FFQ was 7.71 + 2.51 minutes at the first study visit and

PLOS ONE | https://doi.org/10.1371/journal.pone.0294370  April 25, 2024 7/23


https://doi.org/10.1371/journal.pone.0294370.g002
https://doi.org/10.1371/journal.pone.0294370

PLOS ONE

Feasibility study of a dietary screening tool to identify adults at high risk of hypertension

Table 2. Sociodemographic characteristics of patients (n = 58).

Characteristics Overall Men Women
Age (years), mean + SD 42.6+11.9 40.5+12.1 435+ 11.8
Sex, n (%) 58 (100) 18 (31.0) 40 (69.0)
Education n (%)

Primary 2(3.4) 0 2 (3.40)

Secondary 12 (20.7) 2 (3.45) 10 (17.20)

High school 4(6.9) 2 (3.45) 2 (3.45)

University 26 (44.8) 9 (15.50) 17 (29.30)

Postgraduate 14 (24.1) 5(8.62) 9 (15.50)
Marital status, n (%)

Married 39 (67.2) 10 (17.2) 29 (50.0)

Single 18 (31.0) 8(13.8) 10 (17.2)

Widow 1(1.7) 0 1(17)
Employment, 1 (%)

Homemaker 3(5.2) 0 3(5.2)

Student 3(5.2) 1(1.7) 2(3.5)

Unemployed 3(5.2) 0 3(5.2)

None-paid 1(1.7) 0 1(1.7)

Self-employed 14 (24.1) 2(3.5) 12 (20.7)

Non-governmental 9 (15.5) 3(5.2) 6 (10.3)

Government 22 (37.9) 10 (17.2) 12 (20.7)

Retired 3(5.2) 1(1.7) 2 (3.5)
Family history of Hypertension, # (%)

No 26 (44.8) 10 (17.2) 16 (27.6)

Yes 32 (55.2) 8(13.8) 24 (41.4)
Hypertension 7 (%)

No 29 (50.0) 9 (15.5) 20 (34.5)

Yes 29 (50.0) 9 (15.5) 20 (34.5)
Years of hypertension 7 (%)

< 1 year 9(31.0) 3(5.2) 7 (12.1)

1-5 years 8(27.6) 2(3.5) 5(8.6)

> 5 years 12 (41.4) 3(5.2) 9 (15.5)
Antihypertensive medications use n (%)

No 7 (24.1) 2(6.9) 5(17.2)

Yes 22 (75.9) 6(20.7) 16 (55.2)

Data are presented as: n = frequency, % = percentage, mean + SD = Standard deviation

https://doi.org/10.1371/journal.pone.0294370.t002

7.03 + 2.03 minutes at three weeks (Table 3). Time to complete decreased over time as patients
became more familiar with the process.
Patients feedback. Patient’s perspectives on FFQ usability and efficacy are provided in

Table 4. Most patients (96.6%) found the FFQ clear, appropriate, and easy to use. However, a
minority (3.4%) reported some questions as unclear, especially on ‘more than once a day’ and
salt intake frequency options (‘never/rarely’, ‘Sometimes’, ‘Usually and ‘Always’). Additionally,
10.3% expressed sensitivity to certain questions on topics like fruit intake and salt use behav-
iours. However, most (82.8%) were comfortable with the FFQ. For example, regarding fruit
intake, one participant stated:
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Table 3. Cross-sectional measurements of patients (n = 58).

Characteristics Overall Men Women
Height (m) 1.65+ 0.1 1.77£0.1 1.60 £ 0.1
Body weight (kg) 79.4+17.2 87.3+19.0 75.8 +15.2
Blood pressure

SBP (mmHg) 140.3 £29.8 143.3 +£24.7 138.9+23.8

DBP (mmHg) 87.4+17.3 90.5 +19.6 86.0 +16.2
Body mass index (kg/m?) 295+7.1 282+59 29.6+7.5
Completion Time

Mean 7.37 £2.28

First visit 7.71 £2.51 7.83 +2.71 7.65 + 2.46

Second visit 7.03 £2.03 7.33 + 1.64 6.90 +2.18

Data are presented as: mean + SD = standard deviation

https://doi.org/10.1371/journal.pone.0294370.t003

“I feel uncomfortable because I don’t normally eat fruit and vegetables because of financial
constraints” regarding fruit intake”

(female, 45 years, >5 years hypertensive).

On salt use, another shared:

“Most of my meals I bought from a food vendor, and I don’t know that it is important to
check the amount of salt in food labels”

(male, 34 years, non-hypertensive).

Regarding comprehensive food coverage, 6.9% noted missing items like unripe plantain,
corn flour, Tofu (soybeans), and Ukwa (breadfruit). Just 1.7% reported technical difficulties
influencing responses. Notably, 96.6% of participants believed that the questionnaire provided
a comprehensive assessment of their food intake, highlighting its effectiveness, and an equally
high percentage (96.6%) considered it useful for healthcare professionals in providing person-
alised nutritional support to patients.

Table 4. Patients feedback on the screening tool (FFQ) (n = 58).

Feedback responses Yes No

n (%) n (%)

56 (96.6) 2(3.4)
Clarity, appropriate, and easy to use 6(10.3) 52 (89.7)
Unclear or difficult questions 10(17.2) 48 (82.8)
Discomfort and sensitivity in questions 4(6.9) 54 (93.1)
Missing foods or beverages 1(1.7) 57 (98.3)

Technical difficulties and factors influencing responses 56 (96.6) 2(3.4)

Feedback responses 56 (96.6) 2(3.4)

Data are presented as: n = frequency, % = percentage

https://doi.org/10.1371/journal.pone.0294370.t004
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Healthcare professional’s feasibility outcomes

Healthcare professional’s characteristics. In total, 37 healthcare professionals enrolled in
the feasibility survey of the FFQ. Thirty-five completed the survey. Two were excluded due to
incomplete data (Fig 2). Years of experience ranged from 3 years to 20 years in practice.

Perceived importance and current practices. The survey results demonstrated the
importance of dietary assessment among healthcare professionals for effective hypertension
management (Table 5). All healthcare professionals (100%) considered dietary assessment as
’very important or important’, underscoring its recognition as a crucial component in hyper-
tension management. 71.4% of healthcare professionals reported conducting a routine dietary
assessment in clinical practice occasionally as part of hypertension management; however, a
smaller proportion of healthcare professionals conduct dietary assessments monthly (11.4%)
or weekly evaluations (11.4%), while only a minority (5.7%) never performed assessments.

Current practices and confidence in tool usage. The survey assessed the confidence level
among healthcare professionals in interpreting and applying dietary data for decisions regard-
ing hypertension care, as outlined in Table 5. Most (77.2%) expressed ‘confident or very confi-
dent’. However, a notable portion, 17.1%, expressed a neutral stance, while 5.7% conveyed

Table 5. Healthcare professional’s feedback on the feasibility of integrating the FFQ into clinical practice.

S/N Variables Category n (%)

1 Importance of dietary assessment Very important 29 (82.9)
Important 6(17.1)

2 Dietary assessment in practices Monthly 4(11.4)
Never 2 (5.7)
Occasionally 25(71.4)
Weekly 4(11.4)

3 Confidence in utilizing dietary data Confident 19 (54.3)
Very confident 8(22.9)
Neutral 6(17.1)
Not sure 2 (5.7)

4 Challenges in assessing food intake No 17 (48.6)
Yes 18 (51.4)

5 Existence of culturally specific tools No specific tools 13 (37.1)
Yes, but not culturally specific 7 (20.0)
Not sure 14 (40.0)
Yes, culturally specific tools are available 1(2.9)

6 Clarity of questions Yes 34 (97.1)
No 1(2.9)

7 Difficulty of questions No 29 (82.9)
Yes 6(17.1)

8 Relevance of the new dietary tool (FFQ) Highly relevant 15 (42.9)
Relevant 18 (51.4)
Neutral 1(2.9)
Not sure 1(2.9)

9 How valuable is the new tool (FFQ) Very valuable 20 (57.1)
Valuable 14 (40.0)
Neutral 1(2.9)

Data are presented as: n = frequency, % = percentage

https://doi.org/10.1371/journal.pone.0294370.t1005
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uncertainty. These findings suggest various confidence levels among healthcare professionals
in utilising dietary data. Furthermore, over half (51.4%) encountered difficulties analysing
patients’ dietary intake to determine hypertension risks and make dietary recommendations.
This highlights the complexity involved in existing dietary assessment tools. In contrast, 48.6%
did not encounter such challenges, indicating a balanced distribution of experiences among
healthcare professionals. When evaluating healthcare professionals’ awareness of culturally
specific dietary screening or assessment tools tailored for hypertension in Nigeria, a significant
majority (57.1%) indicated either the absence of such tools or noted that available tools lacked
cultural specificity. Meanwhile, 40% were uncertain about the existence of any dietary assess-
ment tools. Only a small minority (2.9%) answered that culturally specific tools exist.

Clarity and user-friendliness of the FFQ. The results from questions examining the per-
ceived clarity of the new dietary assessment tool are presented in Table 5. An overwhelming
majority (97.1%) of healthcare professionals found the questions easy to understand and
straightforward, indicating a high level of clarity in the questionnaire. Only a small minority
(2.9%) reported difficulty, specifically with questions about salt intake behaviour, suggesting
an overall positive response regarding comprehensibility. Additionally, the survey assessed
whether any questions posed challenges or were unclear for participants (Table 5). Once again,
a majority (82.9%) reported no issues, underscoring the high level of clarity and user-friendli-
ness in the questionnaire. However, a minority (17.1%) found some questions unclear.

Perceived utility of the dietary assessment tool. In assessing the healthcare professional’s
perceived relevance of the dietary tool for identifying and addressing dietary factors contribut-
ing to hypertension among patients as outlined in Table 5. Most healthcare professionals
found it relevant (51.4%) or highly relevant (42.9%). Some were uncertain (2.9%) or neutral
(2.9%). Overall, the results underscore the perceived potential of the tool for effectively target-
ing dietary factors associated with hypertension. Regarding the perceived value of the tool’s
information for formulating individualised dietary recommendations for patients, most
healthcare professionals (97.1%) deemed it valuable (Table 5). Only a small minority expressed
a neutral stance (2.9%) (Table 5). This indicates a consensus among healthcare professionals
regarding the high value of the data obtained through the tool for tailoring dietary advice to
individual patients.

Perceived feasibility and acceptability. The perception of the healthcare professionals on
the feasibility and acceptability of integrating the newly introduced dietary assessment tool,
the Food Frequency Questionnaire (FFQ), into their clinical workflows and patient consulta-
tions is detailed in Table 6. Among the healthcare professionals, a significant majority (82.9%)
expressed confidence in the feasibility of integrating the tool (FFQ) into routine clinical prac-
tice. However, a small proportion (11.4%) were neutral or unfeasible (2.9%). Furthermore, in
assessing the potential impacts on workflow, most healthcare professionals (85.7%) believed
the integration would be feasible without disrupting established workflows. However, some
uncertainty existed, with 14.3% expressing uncertainty about potential impacts and 2.9%
asserting that it would be infeasible without affecting workflow. These findings collectively
demonstrate an optimistic outlook on the feasibility of integrating the FFQ into the routine
workflow of healthcare professionals.

Moreover, the survey assessed the potential challenges that healthcare professionals foresaw
in integrating the FFQ into their clinical practice (Table 6). Encouragingly, nearly half of the
healthcare professionals (48.6%) believed there would be no discernible challenges, indicating
an overall positive outlook. However, a significant portion (28.6%) expressed uncertainty,
highlighting the need for comprehensive training and support programs to address potential
concerns. Additionally, 22.9% of respondents anticipated challenges, underscoring the
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Table 6. Perceived implementation and challenges of the new tool.

S/N Variables Category n (%)
1 Perceived feasibility of integration No 1(2.9)
Not sure 5(14.3)
Yes 29 (82.9)
2 Impact on workflow Feasible 24 (68.6)
Highly feasible 6(17.1)
Neutral 4(11.4)
Not feasible 1(2.9)
3 Foreseeable challenges in integration No 17 (48.6)
Not sure 10 (28.6)
Yes 8(22.9)
4 Likelihood of implementation Very likely 17 (48.6)
Likely 16 (45.7)
Neutral 1(2.9)
Very unlikely 1(2.9)

Data are presented as: n = frequency, % = percentage

https://doi.org/10.1371/journal.pone.0294370.t006

importance of proactive measures to identify and mitigate potential obstacles during the inte-
gration process.

In terms of the likelihood of successful implementation of the tool in routine clinical prac-
tice in Nigeria, the majority (94.3%) of healthcare professionals demonstrated a high degree of
confidence, asserting that the implementation of the FFQ for personalised dietary counselling
and assessment would ‘very likely or likely’, reflecting substantial confidence in the tool’s
potential to enhance patient outcomes and contribute meaningfully to hypertension manage-
ment. Only a marginal proportion (2.9%) maintained a neutral stance, indicating a need for
targeted efforts to address any reservations or uncertainties. Similarly, only 2.9% deemed suc-
cess to be ‘very unlikely’, further affirming the overall confidence in the potential benefits of
the FFQ (Table 6). 94.3% of healthcare professionals indicated that the new tool is ‘likely or
very likely’ to be implemented for personalised dietary counselling and evaluation. This reflects
substantial confidence in the tool’s potential to improve patient outcomes and meaningfully
contribute to hypertension management. Only 2.9% of healthcare professionals were neutral
or deemed success ‘very unlikely’.

Healthcare professional’s feedback. The qualitative feedback provided by the healthcare
professionals yielded six themes that emerged from the content analysis of fragments and
statements. These themes encompassed a comprehensive exploration of various aspects per-
taining to screening tools, including knowledge of dietary screening tools, the effectiveness of
existing screening tools, challenges in assessing dietary habits, essential features of a dietary
screening tool, perceived benefits and challenges of integration of the tool, and perceived
implementation and suggestions.

Knowledge of dietary screening tools. This theme, ‘knowledge of dietary screening tools,’
assessed the healthcare familiarity with alternative tailored dietary assessment tools and inter-
ventions for hypertension management. The healthcare professionals (97.1%) predominantly
conveyed a lack of prior engagement with alternative dietary assessment tools (Table 5). Their
responses consistently indicated a dearth of previous experience or utilisation of such tools,
with many explicitly stating "no" or indicating a lack of familiarity. One healthcare professional
stated:
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“I haven’t really used any specific dietary tools before. It’s quite new to me, to be honest”

(male, 43 years, clinician).

Notably, 94.3% of healthcare professionals expressed interest in the new screening tool
(FFQ), underscoring its perceived potential benefits, particularly its cultural adaptability
(Table 5). Additionally, some healthcare professionals provided constructive feedback, sug-
gesting improvements such as a more comprehensive representation of foods from northern
Nigeria and enhanced functionality that does not rely on internet access. In this regard, one
healthcare professional remarked:

“I find the new screening tool quite intriguing. It seems adaptable to our cultural context,
which is really important. However, it would be great to see more foods from the northern
region of Nigeria included”

(female, 42 years, clinician).

Effectiveness of existing assessment tools. The majority of healthcare professionals (97.1%)
indicated a paucity or unfamiliarity with culturally tailored dietary tools for capturing indige-
nous foods and difficulties in quantifying some specific diets in cultural meals (Table 5). Fur-
thermore, some healthcare professionals emphasised the need for a simplified tool in the form
of a pamphlet or checklists with culturally adapted foods that can effectively address dietary
assessment:

“I find that the existing dietary tools don’t really consider our cultural context. There’s a gap
when it comes to addressing indigenous foods, which are a significant part of our diet. Plus,
quantifying the amount of salt and other diets in our cultural dishes using these tools can be
quite challenging”

(ferale, 42 years, clinician).

“I firmly advocate for culturally tailored dietary tools. Take Awadu, for instance; it’s not even
accounted for in any existing dietary assessment tool. Additionally, we must give due consider-
ation to culturally specific food groups in our dietary assessments”

(fernale, 46 years, clinician).

Challenges in assessing dietary habits. Almost half of the healthcare professionals (48.6%)
expressed obstacles in evaluating and analysing patients’ food intake for hypertension risk
assessment and subsequent dietary recommendations. These challenges encompass difficulties
in accurately quantifying culturally specific meals, unfamiliar indigenous foods, concerns
about recall bias, a lack of tailored assessment tools, and patients’ limited capacity to measure
specific components of their food precisely. Additionally, healthcare professionals raised issues
related to patient education and motivation alongside cultural beliefs, posing additional chal-
lenges in the intake of dietary data from patients:

“In my experience, quantifying food content can be a real challenge. There are times when it’s
quite tricky to measure, and patients often struggle to accurately estimate the proportions of
salt, fats and seasonings used in their cultural meals”

(fernale, 45 years, clinician).
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“I find myself unfamiliar with the specific foods that patients mention when assessing their
food intake. It’s an area where I feel a bit out of my depth in clinical practice”

(male, 44 years, clinician).

Essential features of a dietary screening tool. The healthcare professionals highlighted essen-
tial features they would consider crucial in a dietary screening tool for effective integration
into clinical practice for assessing dietary intake in the prevention and management of hyper-
tension. Firstly, they emphasised that the tool should be culturally tailored to the specific popu-
lation and contain common foods in relation to specific health conditions. Secondly, the tool
should be easy and quick to use, accessible, and able to capture intake and quantify processed
food consumption, such as fried food or takeaway meals, fibre, salt intake, and saturated fat
intake. Lastly, the healthcare professionals emphasised the tool should consider lifestyle and
cultural factors that influence food choices and noted that language barriers should be
addressed:

“I believe a short dietary assessment tool should cover common food, be easy to use, short and
culturally adaptable, and able to quantifiable content and consideration of portion sizes are

also vital for accurate assessment”

(male, 44 years, clinician).

Perceived benefits and challenges of integration of the new tool. A substantial majority,
exceeding 90% of healthcare professionals, perceived the new screening tool as a relevant and
valuable tool for assessing the food intake in patients and evaluating hypertension risk

(Table 5). The integration of this tool into the prevention and management of hypertension
has been identified by healthcare professionals as feasible (82.9%) and would not negatively
impact workflow, conferring several benefits (Table 7). Nevertheless, they also recognised a

Table 7. Benefits and challenges of implementing the screening tool.

S/
N

1

Benefits

Promotes healthy lifestyles and provides education on
various food types and their benefits for individuals
with hypertension.

Facilitates early identification of individuals at risk of
hypertension, contributing to prevention through risk
factor reduction.

Enables healthcare professionals to offer tailored
dietary advice, aligning recommendations with each
patient’s specific needs and preferences.

Supports ongoing assessment and tracking of dietary
components influencing hypertension, enabling timely
detection of potential concerns

Assures holistic care for hypertension patients,
providing detailed information about meal patterns
for more effective management.

Encourages adoption of lifestyle practices beneficial
for hypertension management and fosters a patient-
cantered approach to care.

Enhances speed and quality of patient care,
streamlining risk assessment and progress monitoring
in nutrition therapy.

https://doi.org/10.1371/journal.pone.0294370.t007

Challenges

Time constraints in busy outpatient settings may lead
to increased waiting times during consultations.

Lack of patient awareness about the tool’s existence
and availability of the tool in patient folders may not
always be ensured.

Effectiveness relies on patients providing accurate
dietary information, which may not always occur due
to memory or reporting inaccuracies.

Limited comprehensive research on the effects of all
foods on hypertension may make it challenging to
provide tailored recommendations.

Insufficient manpower may affect tool
implementation. Accessibility to trained personnel
knowledgeable about local foods may pose challenges.

Language barriers and patient literacy may hinder
effective tool utilization, impacting its overall
effectiveness.

Concerns about accurately measuring food, salt, and
fat/oil intake, a critical factor in hypertension
management.
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spectrum of possible challenges that could be associated with its integration into clinical prac-
tice in hypertension management in Nigeria. Top on the list of perceived challenges was time
constraints, especially in a busy clinic, where healthcare professionals and patients may be
impatient due to limited consultation time, as illustrated in Table 7. In this regard, one health-
care professional stated:

In our busy clinic, both clinicians and patients can be quite impatient, especially during peak
hours. Filling out the form might be rushed, and there’s a risk that the dietary assessment
could be skipped

(male, 44 years, clinician).

Perceived implementation and suggestions. In addition to identifying potential challenges of
integration of the new tool, healthcare professionals offered insightful suggestions to facilitate
the seamless integration of the dietary assessment tool into clinical practice. They advocated
for targeted advocacy efforts, specifically directed towards the Ministry of Health and other
health organisations, to secure support and endorsement for the implementation of the tool.
Additionally, effective time management during consultations was deemed crucial, prompting
suggestions such as condensing the questionnaire or streamlining the assessment process and
creating a clear and simplified questionnaire, ensuring comprehensibility for individuals with
varying levels of education. Language considerations were highlighted, with recommendations
to translate the tool into Nigeria’s three major languages to enhance accessibility and accep-
tance among patients. Some healthcare professionals also proposed developing the tool into a
software application, a progressive step towards improved accessibility and usability for both
healthcare professionals and patients.

“I feel a streamlined questionnaire, with clear language, is vital for everyone at different edu-
cation levels and translating the tool into the three major languages in Nigeria will enhance
its accessibility among the patient population”

(male, 44 years, clinician).

Discussion

The present study explored the feasibility of integrating a validated dietary screening tool
(Food Frequency Questionnaire) into clinical practice for dietary assessment individual at risk
of hypertension in Nigeria. This feasibility study provides important preliminary data on the
potential adoption and utilisation of a tailored 27-item food frequency questionnaire (FFQ)
for dietary assessment to prevent and manage hypertension in Nigeria. The results indicate an
overall positive reception of the tool among patients and healthcare professionals. The high
completion rates, satisfaction, and perceived utility support the acceptability and promise of
the tool.

Acceptability and user engagement

The high initial completion rate of 100% and 87.9% at three weeks far exceeds rates observed
in similar feasibility studies involving FFQs, which typically ranged from 70-90% [41-43].
This high level of engagement indicates a strong acceptance among patients and aligns with
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another study with an 85% rate in a 2018 web based FFQ validation trial [43]. Furthermore,
the high retention rate of 88% compares favourably to prior FFQ trials, which retained 75-
85% of patients enrolled in the study [44], demonstrating a high level of acceptability of the
screening tools. According to a review by Hebert et al., retention rates above 80% are consid-
ered robust for dietary assessment studies, signifying a solid commitment from the patients for
the studies [45]. Therefore, the high retention rate achieved in this study favourably compares
to previous feasibility studies involving FFQ, which retained 75-85% of participants [46].
These collective findings suggest a strong acceptance and compliance with the feasibility study
protocol.

The average time taken to complete the trial, approximately < 8 minutes (7.37 minutes),
aligns with the goal of developing an efficient tool, which is consistent with the 5-15 minutes
range reported in previous studies focusing on the feasibility and validation of FFQ [43, 44, 47,
48]. Kristal et al. emphasised the importance of short completion times, defining them as <15
minutes in order to minimise participant burden [46]. The slight reduction from 7.42 to 7.02
minutes at the second administration suggests that patients find the process undemanding and
that it can be completed more quickly once it is familiar. In many healthcare facilities across
Nigeria, patients typically experience hospital waiting times ranging from 83.7 to 144 minutes
with a mean pre-consultation interval of 48.7 minutes [49-51]. Therefore, across most health-
care settings in Nigeria, the implementation of this screening tool, which requires less than 8
minutes for completion, is unlikely to disrupt clinical workflow. The overwhelmingly positive
feedback from patients, with 96.6% expressing satisfaction, mirrors the result observed in FFQ
feasibility studies reporting satisfaction rates ranging from 70-90% [52]. This high satisfaction
indicates a positive user experience with an easily understandable, user-friendly format.

Clinical need and perceived utility

The consensus among healthcare professionals regarding the significance of dietary assess-
ment in hypertension management is consistent with well-established evidence on the associa-
tion between dietary factors and blood pressure [12, 53-56]. However, the reported
infrequency of assessments in routine practice supports the need for tailored tools. Previous
studies also highlight a gap between recommended lifestyle counselling and actual clinical
practice implementation [57-60]. The anticipated benefits from the new screening tool,
including education, early risk detection, personalised guidance, monitoring, and patient man-
agement, align with the multifaceted utility of such a tool. The study by Kristal et al. further
emphasised the importance of healthcare professionals’ confidence in FFQ data for effective
counselling, which is a pivotal factor in the clinical adoption [46]. Therefore, the positive per-
ceptions of utility among this sample of healthcare professionals are promising. Additionally,
the fact that 97.1% of healthcare professionals regarded the screening tool (FFQ) as valuable
for providing individualised dietary recommendations further affirms its perceived clinical
relevance.

Cultural appropriateness

The common view among healthcare professionals that existing dietary assessment tools or
methods lack cultural specificity substantiates existing conclusions that current approaches
often inadequately capture the dietary habits of ethnic minority populations [61-64]. The
healthcare professionals emphasised the critical need to account for indigenous foods and
quantify components, aligning with previous studies that demonstrated how traditional FFQs
frequently misrepresent the dietary intake of ethnic minority groups [16, 65, 66]. Thus, there is
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an evident niche for culturally tailored tools like the FFQ that this tool will evaluate in the fol-
low-up study.

Implementation considerations

Over half of healthcare professionals expressed full confidence in utilising FFQ data, a factor
previously identified by Kristal et al. as facilitating implementation [46]. However, enhance-
ment through training could promote broader confidence. Supporting healthcare profession-
als in applying FFQ insights may be warranted based on requests for guidance on counselling
applications. While healthcare professionals acknowledged time constraints as a challenge,
most believed implementation was feasible without causing significant disruption to workflow,
aligning with studies demonstrating minimal time burdens associated with FFQ administra-
tion [65, 67].

Almost half of healthcare professionals foresaw no significant implementation challenges,
reflecting a sense of optimism. However, some uncertainty remained regarding potential barri-
ers related to patient factors, such as health literacy. Several reviews have highlighted the
importance of user-centred design and a careful introduction, emphasising the influence of
patient acceptance on the success of the FFQ [48, 68-70]. Thus, a participatory implementa-
tion approach that engages all stakeholders could prove beneficial for the successful integration
and implementation of the FFQ into clinical practice in Nigeria [71-74].

Strengths and limitations

This study provides promising evidence supporting the FFQ as an acceptable, useful, and cul-
turally appropriate tool for the dietary assessment of individuals at high risk of hypertension in
Nigeria in the clinical setting. This study demonstrates a comprehensive approach by employ-
ing both quantitative metrics and qualitative feedback, providing a multifaceted assessment of
the feasibility of the FFQ from the perspectives of both patients and healthcare professionals.
The pragmatic clinical environment enhances the applicability of the findings to the real-
world context of hypertension care in Nigeria. The examination of numerous metrics provides
comprehensive insights into retention, adherence, completion, relevance, acceptability, and
anticipated integration barriers. Importantly, gathering user-centred feedback from providers
allowed for evidence-based refinements that address their specific needs and priorities. The
convergence of quantitative and qualitative findings offers complementary perspectives,
enriching the overall feasibility evaluation.

Nonetheless, some limitations warrant acknowledgement. The single-centre design restricts
generalizability to other Nigerian regions and clinical settings. Unlike past research, no com-
parative FFQ analysis occurred. Additionally, this study assessed perceived feasibility rather
than actual pre-post implementation challenges. While potential barriers to integration were
anticipated, the intricate details of real-world workflow integration remain underexplored.
Furthermore, only perception-based, rather than objective data on clinical utility and patient
outcomes, was captured. Finally, the absence of a longitudinal follow-up to assess whether
acceptability endures over time is another notable limitation. However, as we move forward
and expand our study size to include more clinics in Nigeria and West Africa, a primary aim
will be to evaluate and modify our tool to account for differences in responses and feasibility
among population subgroups (i.e., sexes, age, urban vs rural, etc.).

Relevance to clinical practice

The findings of this feasibility study have important implications for the potential integration
of the food frequency questionnaire (FFQ) as a dietary screening tool within Nigerian clinical
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practice and also more broadly across West Africa. The high completion rates, coupled with
positive user feedback, suggest a promising acceptance of the tool among patients and health-
care professionals. The minimal completion time aligns with the practical demands of a clini-
cal setting. The implementation challenges and recommendations identified by the healthcare
professionals offer valuable insights to guide the refinement of the FFQ and its implementation
process for seamless integration into routine clinical practice in Nigeria.

Importantly, the development of the FFQ was informed by the evidence of a systematic
review and meta-analysis of dietary factors associated with hypertension across West Africa
[12]. Therefore, while this study focussed on the feasibility in Nigeria, the intention is to vali-
date and evaluate the FFQ for potential use across other West African countries with shared
cultural dietary patterns and lifestyles. Aspects like cultural tailoring, feasibility analysis, and
user-centred design remain broadly relevant across West African settings where the lack of
contextually appropriate tools poses a barrier to dietary screening and counselling. The study
offers a framework and considerations that can inform the adaptation and integration of die-
tary screening tools across West Africa to enhance dietary risk screening and management of
hypertension.

Conclusions

This study provides initial promising evidence to support the screening tool (FFQ) as an
acceptable, useful, and culturally appropriate dietary assessment tool for the prevention and
dietary management of hypertension in Nigeria. Patients demonstrated high engagement.
Healthcare professionals in Nigeria affirmed the value of care this tool could address. While
implementation considerations exist, optimism prevails. Further validation and careful intro-
duction are warranted to facilitate optimal FFQ adoption and impact. Overall, the feasibility
outcomes justify progressed research on this FFQ as a practical means to improve dietary
assessment practices to prevent and control hypertension better in Nigeria.
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