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ABSTRACT 
	Background : Gastroduodenal ulcer disease (GUD) is a significant health burden in urban West Africa, a region undergoing a rapid nutritional transition. Conventional assessment using Body Mass Index (BMI) may fail to detect complex malnutrition phenotypes like sarcopenic obesity that could impair ulcer healing. This study aimed to characterize the detailed nutritional and metabolic profiles of GUD patients in Lomé, Togo, to unmask these underlying disorders.
Methods: This cross-sectional analytical study, conducted from July to October 2024, recruited 127 patients with endoscopically confirmed GUD. Data were collected on sociodemographic, clinical, and dietary characteristics, with dietary quality assessed via a Dietary Diversity Score (SDA). Body composition, including visceral fat and skeletal muscle mass, was evaluated using multi-frequency bioelectrical impedance analysis (BIA). Fasting venous blood was analyzed for key biochemical markers, including albumin, folate, and homocysteine.
Results: The cohort (mean age 43.7; 35.4% Helicobacter pylori positive) presented a paradoxical nutritional profile. While BMI classified only 31.5% as overweight or obese, BIA revealed a high prevalence of sarcopenic obesity: 46.5% exhibited a low protein index and 39.4% had visceral obesity. Poor dietary quality (SDA ≤ 4) was significantly associated with lower concentrations of prealbumin and albumin (p<0.05), reduced serum folate (p<0.01), and consequently higher, detrimental levels of homocysteine (p<0.01). Regular fruit consumption was protective against H. pylori infection (OR = 0.42), while a low education level was an independent risk factor (OR = 2.85).
Conclusion: Patients with GUD in Lomé are affected by a severe "double burden of malnutrition." The high prevalence of sarcopenic obesity, entirely masked by BMI, fosters a systemic metabolic environment of pro-inflammatory visceral adiposity and depleted protein reserves that is fundamentally antagonistic to mucosal healing. These findings highlight the inadequacy of BMI and underscore the urgent need to integrate body composition analysis and key biochemical markers into clinical assessment to guide effective nutritional interventions.
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1. INTRODUCTION 
Gastroduodenal ulcer disease (GUD), a condition defined by a mucosal breach in the stomach or duodenum, remains a pervasive global health issue, with its prevalence and clinical impact being particularly pronounced in developing nations [Malfertheiner et al., 2017 ; Wang et al., 2022]. The pathophysiology of GUD is understood as a disruption of the delicate equilibrium between mucosal defense mechanisms (such as mucus-bicarbonate secretion and adequate blood flow) and aggressive luminal factors [Wallace & Granger, 2015]. Across West Africa, the primary drivers of this imbalance are well-established : chronic infection with the bacterium Helicobacter pylori and the widespread use of non-steroidal anti-inflammatory drugs (NSAIDs), which compromise mucosal integrity by inhibiting cytoprotective prostaglandins [Kusters et al., 2006]. The clinical burden in Togo is substantial, with GUD representing a frequent cause for gastroenterological consultation. Notably, local data from the Lomé Campus University Hospital indicate an endoscopic prevalence as high as 15.53%, underscoring the significant and immediate clinical relevance of this pathology within the Togolese healthcare system [Lawson-Ananissah et al., 2014].
While the infectious and pharmacological etiologies of GUD are well-documented, a critical knowledge gap persists regarding the role of nutritional status as a modulator of disease severity and healing capacity. This gap is particularly concerning in the context of the rapid and profound nutritional transition currently underway in urban African centers like Lomé. This transition is characterized by a decisive shift away from traditional diets, rich in fiber, complex carbohydrates, and plant-based proteins, towards highly palatable, energy-dense, Westernized dietary patterns. These modern diets are typically high in ultra-processed foods, saturated fats, and refined sugars, but poor in essential micronutrients [Popkin et al., 2012 ; Amegah et al., 2021]. Such dietary shifts are known to foster a systemic pro-inflammatory state and may directly impact gastrointestinal health, yet their specific consequences for patients with a pre-existing mucosal vulnerability like GUD remain largely uncharacterized in the Togolese setting.
Furthermore, the conventional approach to nutritional assessment in clinical practice often relies on the Body Mass Index (BMI), a metric that is increasingly recognized as insufficient for capturing complex metabolic disturbances [Prentice & Jebb, 2001 ; Cuerda et al., 2023]. The BMI's primary limitation is its inability to differentiate between fat mass and lean muscle mass, potentially masking deleterious conditions. This is particularly relevant in the context of the nutritional transition, where a paradoxical phenotype known as sarcopenic obesity, the concurrent existence of excess adiposity (specifically visceral fat) and depleted muscle mass (sarcopenia), may emerge [Batsis et al., 2014 ; Cuerda et al., 2023]. For patients with GUD, this "double burden of malnutrition" is theoretically devastating, as systemic inflammation fueled by visceral fat could exacerbate mucosal injury [Hotamisligil, 2006 ; O'Connell et al., 2022], while sarcopenia directly compromises the anabolic processes required for tissue repair and ulcer healing [Colpo & Vilanova, 2014].
Therefore, this study was designed to move beyond simplistic metrics and provide the first integrated characterization of the nutritional and metabolic health of patients with GUD in Lomé. The primary objective was to use detailed body composition analysis and specific biochemical markers to unmask underlying metabolic disorders, particularly the sarcopenic obesity phenotype, that are not captured by BMI. A secondary objective was to explore the association between these advanced nutritional profiles and dietary quality, in order to lay the groundwork for more effective, evidence-based nutritional interventions in this vulnerable patient population.

2. material and methods 
2.1. Study design and setting
A cross-sectional, analytical study was conducted over a four-month period, from July to October 2024, within the Gastroenterology department of the CHU Campus of Lomé, a national tertiary care and teaching hospital in Togo. The study protocol was approved by the Biomedical Ethics Committee of the University of Lomé, and all participants provided informed consent.
2.2. Study population
A total of 127 patients (75 males, 52 females) were consecutively recruited following a confirmed diagnosis of gastroduodenal ulcer disease via upper gastrointestinal endoscopy. Inclusion criteria required patients to have a confirmed ulcer diagnosis and provide informed consent. Patients with a critical clinical condition that would render nutritional assessment unreliable or those presenting with ascites or significant peripheral edema, which interfere with bioimpedance analysis, were excluded.
2.3. Data collection
2.3.1. Sociodemographic and clinical data
Information on sociodemographic characteristics (age, sex, education level), clinical history, symptomatology, endoscopic findings (ulcer location), and histological results for H. pylori status was collected through patient interviews and a thorough review of medical records.
2.3.2. Dietary assessment
Dietary habits were evaluated using a semi-quantitative food frequency questionnaire adapted to the local food context. From this data, a Dietary Diversity Score (SDA) was calculated to assess the quality and variety of food intake. The score was based on the consumption of ten predefined food groups over the preceding week. A score of ≤ 4 was classified as low dietary diversity, while a score of ≥ 7 was considered high diversity.
These ten food groups, adapted from FAO guidelines, included : cereals/tubers, legumes, green leafy vegetables, other vegetables, fruits, meat/poultry, fish, dairy products, oils/fats, and sugars/sweetened products.
A score was computed, and then participants were classified into two groups for comparative analysis : low diversity (SDA ≤ 4) and high diversity (SDA ≥ 7).

Patients with an intermediate score (5 or 6) were excluded from this specific analysis in order to compare the extremes of the dietary spectrum
2.3.3. Anthropometry and body composition
Anthropometric measurements were performed under standardized conditions. Height was measured to the nearest centimeter. Body weight and composition were assessed using a multi-frequency bioelectrical impedance analyzer (BIA) (ZOETOUCH, model CF 398BLE) with patients in a fasted state, wearing light clothing, and barefoot. The Body Mass Index (BMI) was calculated as weight (kg) / height (m)². Key parameters obtained from the BIA included body fat percentage, skeletal muscle mass, and visceral fat level. Visceral obesity was defined as a visceral fat level ≥ 10, and protein depletion was identified when the protein mass index was classified as "Low" according to the device's reference standards.
The protein index was categorized using the device's integrated software, which classifies protein reserves as 'Low' or 'Normal' based on proprietary reference standards relative to the individual's overall body composition. The 'Low' classification was used in this study as an indicator of protein reserve depletion. While this classification is specific to the device, it was used as an indicator of protein reserve depletion due to the absence of consensus-validated thresholds for this specific population. It is important to note that this evaluation focuses solely on muscle mass and does not include measures of physical strength or performance, which are other components of the consensus definition of sarcopenia.
2.3.4. Biochemical analyses
Venous blood samples were collected from each participant after an overnight fast. Serum was used to measure key nutritional and metabolic markers. Markers of protein status (albumin, prealbumin), vitamin status (folate [vitamin B9], vitamin B12), and metabolic stress (homocysteine) were quantified using immuno-enzymatic techniques. The complete blood count and iron status (serum iron, ferritin) were also determined.
2.4. Statistical analysis
Data were entered into Microsoft Excel 2016 and analyzed using SPSS software (version 20.1). Descriptive statistics were used to summarize the data, with continuous variables presented as mean ± standard deviation (SD) and categorical variables as frequencies and percentages. Group comparisons were performed using the Student's t-test for continuous variables and the Chi-square (χ²) test for categorical variables. A p-value of < 0.05 was considered statistically significant for all analyses. A multivariate logistic regression model was built to identify factors independently associated with H. pylori infection. A multivariate logistic regression model was built to identify factors independently associated with H. pylori infection. Variables with a p-value < 0.20 in the bivariate analysis, along with those deemed clinically relevant, were included in the final model.
3. results and discussion
3. RESULTS
3.1. Sociodemographic and clinical profile of the cohort
The study included 127 patients diagnosed with GUD, with a slight male predominance (59.1%, n=75). The mean age of the cohort was 43.7 ± 16.0 years, with no significant difference between sexes. The majority of participants were married (47.2%). A significant portion of the cohort reported a low monthly income, with 58.3% earning less than or equal to 52,500 FCFA. Endoscopic findings revealed that duodenal or bulbar ulcers were the most common location (63.0%). Histological analysis confirmed Helicobacter pylori infection in 35.4% (n=45) of patients. Detailed characteristics are presented in Table 1.
Table 1: Sociodemographic and clinical characteristics of the GUD cohort (N=127)
	Characteristic
	Men (n=75)
	Women (n=52)
	Total (N=127)
	p-value

	Age (mean ± SD), years
	43.1 ± 15.6
	44.4 ± 16.5
	43.7 ± 16.0
	0.69

	Marital Status, n (%)
	
	
	
	0.27

	- Single
	28 (37.3%)
	17 (32.7%)
	45 (35.4%)
	

	- Married
	39 (52.0%)
	21 (40.4%)
	60 (47.2%)
	

	- Widowed
	8 (10.7%)
	14 (26.9%)
	22 (17.3%)
	

	Education Level, n (%)
	
	
	
	0.55

	- Not schooled
	6 (8.0%)
	6 (11.5%)
	12 (9.4%)
	

	- Primary
	13 (17.3%)
	14 (26.9%)
	27 (21.3%)
	

	- Secondary
	27 (36.0%)
	18 (34.6%)
	45 (35.4%)
	

	- University
	29 (38.7%)
	14 (26.9%)
	43 (33.9%)
	

	H. pylori Status, n (%)
	
	
	
	

	- Positive
	29 (38.7%)
	16 (30.8%)
	45 (35.4%)
	0.35

	- Negative
	46 (61.3%)
	36 (69.2%)
	82 (64.6%)
	


3.2. The paradox of body composition : sarcopenic obesity phenotype
Analysis of body composition revealed a paradoxical nutritional profile that was not apparent from BMI measurements alone. While 41.7% of the cohort was classified as normal weight and 31.5% as overweight/obese by BMI, BIA uncovered a high prevalence of sarcopenic obesity. As shown in Table 2, this was characterized by the coexistence of a low protein index (indicative of sarcopenia) in nearly half of the patients (46.5%) and a high prevalence of visceral obesity (39.4%). This deleterious phenotype was particularly pronounced in women, who had a significantly higher body fat index (p<0.001) and a higher proportion of visceral obesity compared to men.
Table 2 : Body composition profile of GUD patients by sex (N=127), as determined by BIA
	Body Composition Parameter
	Category
	Men (n=75)
	Women (n=52)
	p-value

	

BMI (kg/m²), n (%)
	Underweight (<18.5)
	3 (4.0%)
	6 (11.5%)
	

	
	Normal (18.5-24.9)
	35 (46.7%)
	18 (34.6%)
	

	
	Overweight (25-29.9)
	26 (34.7%)
	15 (28.8%)
	

	
	Obese (≥30.0)
	11 (14.7%)
	13 (25.0%)
	

	
Body Fat Index, n (%)
	
	
	
	<0.001

	
	Low
	26 (34.7%)
	1 (1.9%)
	

	
	Normal
	36 (48.0%)
	21 (40.4%)
	

	
	High
	13 (17.3%)
	30 (57.7%)
	

	Visceral Obesity (Level ≥10), n (%)
	Yes
	27 (36.0%)
	23 (44.2%)
	0.34

	Protein Index, n (%)
	
	
	
	

	
	Low (<10%)
	35 (46.7%)
	24 (46.2%)
	0.95

	
	Normal (≥10%)
	40 (53.3%)
	28 (53.8%)
	


3.3. Biochemical correlates of poor dietary quality
The functional impact of diet quality was confirmed through biochemical analysis. As detailed in Table 3, patients with a low Dietary Diversity Score (SDA ≤ 4) exhibited significantly lower mean concentrations of both prealbumin (0.20 g/L vs. 0.24 g/L, p<0.05) and albumin (42.8 g/L vs. 46.1 g/L, p<0.05) compared to those with high dietary diversity. Furthermore, a low SDA was strongly associated with a state of metabolic stress : these patients had significantly lower serum folate levels (8.9 ng/mL vs. 14.2 ng/mL, p<0.01) and, consequently, significantly higher levels of homocysteine (14.5 µmol/L vs. 10.8 µmol/L, p<0.01).
Table 3 : Association between dietary diversity score (sda) and key biochemical markers (N=127)
	Biochemical Marker
	Low Diversity (SDA ≤ 4)
	High Diversity (SDA ≥ 7)
	p-value

	
	(Mean ± SD)
	(Mean ± SD)
	

	Protein Status Markers
	
	
	

	Prealbumin (g/L)
	0.20 ± 0.05
	0.24 ± 0.06
	<0.05

	Albumin (g/L)
	42.8 ± 5.1
	46.1 ± 4.8
	<0.05

	Vitamin and Metabolic Markers
	
	
	

	Folate (Vitamin B9) (ng/mL)
	8.9 ± 3.1
	14.2 ± 4.5
	<0.01

	Homocysteine (µmol/L)
	14.5 ± 3.9
	10.8 ± 2.7
	<0.01


3.4. Factors associated with helicobacter pylori infection
Analysis of factors associated with H. pylori status revealed that dietary habits and socioeconomic status were significant predictors. As shown in Table 4, regular fruit consumption (≥3 times/week) was significantly more common among H. pylori-negative patients (52.4%) compared to positive patients (33.3%, p<0.05). In the multivariate model, this association remained significant, indicating a protective effect (OR = 0.42, 95% CI [0.19 - 0.93]). Conversely, having a low education level (primary school or not schooled) was identified as an independent risk factor for H. pylori infection (OR = 2.85, 95% CI [1.21 - 6.71]).
Table 4: Factors associated with helicobacter pylori infection (N=127)
	Variable
	H. pylori Positive (n=45)
	H. pylori Negative (n=82)
	p-value (Bivariate)
	Adjusted Odds Ratio (95% CI) (Multivariate)

	Fruit Consumption (≥3/week), n (%)
	15 (33.3%)
	43 (52.4%)
	<0.05
	0.42 [0.19 - 0.93]

	Education Level (Low vs. High), n (%)
	18 (40.0%)
	21 (25.6%)
	<0.05
	2.85 [1.21 - 6.71]

	Alcohol Consumption, n (%)
	24 (53.3%)
	29 (35.4%)
	0.06
	1.51 [0.68 - 3.35]

	Low Protein Index, n (%)
	25 (55.6%)
	34 (41.5%)
	0.12
	1.89 [0.85 - 4.20]


4. DISCUSSION
This study, conducted in Lomé, Togo, uncovers a critical and largely overlooked dimension of gastroduodenal ulcer disease (GUD) within an urban West African context. The central finding is not merely the presence of malnutrition, but its paradoxical and pernicious nature : a high prevalence of sarcopenic obesity. This "double burden" (the concurrent excess of pathogenic visceral fat and a deficit of functional protein mass) suggests that GUD in this population is not simply a localized mucosal lesion but is intrinsically linked to a profound systemic metabolic dysregulation, a reality masked by conventional anthropometric measures such as BMI. Recent research increasingly highlights sarcopenic obesity as a distinct clinical entity that synergistically combines the risks of both sarcopenia and obesity, leading to heightened metabolic dysfunction and systemic inflammation [Perna et al., 2022].
Our data reveal that nearly half of the cohort exhibited a low protein index, a finding indicative of low muscle mass (myopenia), which is the primary component of the sarcopenia definition, despite a majority presenting with a normal or overweight BMI. This finding is of paramount clinical importance. Sarcopenia represents a depletion of the body's primary protein reserves, which are indispensable for the anabolic processes of tissue repair. Effective ulcer healing is contingent upon robust cell proliferation, angiogenesis, and collagen synthesis, all of which are metabolically demanding processes that require an adequate supply of amino acids. A low protein status, confirmed here by significantly lower prealbumin and albumin levels in patients with poor dietary diversity, directly compromises the structural and functional integrity of the mucosal repair machinery, potentially leading to delayed healing, chronic ulceration, and an increased risk of complications. This is consistent with broader findings in surgical contexts, where sarcopenia is a robust predictor of impaired wound healing and increased postoperative complications [Barberis et al., 2023].
Compounding this catabolic state is the concurrent high prevalence of visceral obesity, observed in approximately 40% of our patients. Far from being an inert energy depot, visceral adipose tissue is a highly active endocrine organ that secretes a spectrum of pro-inflammatory adipokines, including tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6). This chronic, low-grade systemic inflammation, fueled by visceral adiposity, can logically be expected to exacerbate the local inflammatory infiltrate within the gastric mucosa, thereby perpetuating mucosal injury and counteracting healing efforts. The pathogenic activity of visceral fat is now understood to be a key driver in a multitude of metabolic diseases, creating a constant inflammatory background that can worsen localized pathologies [Kyrou et al., 2018]. In the Togolese context, where the background prevalence of infectious triggers like Helicobacter pylori is high, patients are consequently caught in a "triple threat": an infectious agent, systemic inflammation from visceral fat, and an impaired capacity for repair due to sarcopenia.
Our biochemical analyses illuminate the functional consequences of the poor dietary quality observed in our cohort. The strong inverse correlation between a low Dietary Diversity Score (SDA) and elevated homocysteine levels, mediated by folate deficiency, unveils a critical metabolic pathway that further hinders recovery. Folate is an essential co-factor in the one-carbon metabolism pathway, responsible for the remethylation of homocysteine to methionine. A deficiency, driven by a low intake of folate-rich foods such as fruits and leafy greens—a characteristic of the "nutrition transition" toward processed foods in urban centers like Lomé—leads to hyperhomocysteinemia. This condition is a well-established independent risk factor for endothelial dysfunction and, crucially, is known to promote systemic oxidative stress. This state of heightened oxidative stress can directly impair vascular perfusion to the gastric mucosa, further compromising its defensive and regenerative capacity [Zhang et al., 2021]. The resulting increase in reactive oxygen species can inflict direct damage on the gastrointestinal mucosa and further deplete endogenous antioxidants, creating a vicious cycle of inflammation and oxidative damage that impairs mucosal defense and repair.
This study unequivocally demonstrates the inadequacy of BMI as a standalone tool for nutritional assessment in this patient population. The sarcopenic obesity phenotype, with its severe metabolic implications, was entirely concealed by this crude metric. This has profound implications for clinical practice in Togo and other African nations undergoing similar nutritional transitions. Relying on BMI alone may lead clinicians to overlook severe malnutrition in patients who appear well-nourished or overweight, thereby failing to implement critical nutritional interventions. Our findings advocate for a paradigm shift toward a more sophisticated and integrated assessment, incorporating body composition analysis—for which bioelectrical impedance analysis (BIA) is a feasible and non-invasive tool—and the measurement of key biochemical markers like prealbumin, folate, and homocysteine to unmask the true metabolic risk.
Finally, the association between lower fruit consumption and H. pylori positivity aligns with broader evidence suggesting a protective role for micronutrient-rich foods. Fruits and vegetables are primary sources of antioxidants, such as vitamin C, which have been shown to inhibit H. pylori growth and mitigate its pathogenic effects by scavenging damaging free radicals. Recent large-scale analyses continue to support the observation that higher dietary intake of fruits is associated with a lower prevalence of H. pylori infection, likely due to the combined effects of vitamins and other phytochemicals that modulate host inflammatory responses [Mendez et al., 2022]. The link between lower education and higher infection rates also underscores the role of socioeconomic determinants, which likely influence dietary quality, health literacy, and living conditions.
These findings carry direct clinical implications. For GUD patients, especially those who appear overweight or obese according to BMI, clinicians should consider integrating BIA as a routine screening tool to unmask underlying sarcopenia. Furthermore, the strong association between poor dietary diversity, low prealbumin, and hyperhomocysteinemia suggests that a systematic nutritional assessment, coupled with counseling focused on increasing intake of protein and folate-rich foods (e.g., legumes, green leafy vegetables, fruits), should become a standard component of GUD management. Measuring serum homocysteine could also serve as a functional marker to monitor metabolic recovery in response to nutritional intervention.
Strengths and limitations
The primary strength of this study is its novel, integrated approach, combining detailed body composition analysis with specific biochemical markers to characterize the nutritional status of GUD patients in a previously under-researched Togolese setting. However, certain limitations must be acknowledged. The cross-sectional design precludes the establishment of causality ; we cannot determine whether the nutritional deficiencies are a cause or a consequence of the gastroduodenal pathology. Furthermore, as a single-center study in a tertiary hospital, the findings may not be fully generalizable to rural populations in Togo, where dietary patterns and nutritional challenges may differ.
Finally, our definition of sarcopenia was based solely on low muscle mass as estimated by BIA, without complementary measurements of muscle strength or physical performance, due to logistical constraints. While low muscle mass is a foundational component of sarcopenia, future studies incorporating functional tests are needed to confirm the prevalence of confirmed sarcopenia in this population
4. Conclusion
This study unequivocally demonstrates that patients with gastroduodenal ulcer disease (GUD) in Lomé are contending with a critical and paradoxical form of malnutrition that is entirely masked by conventional anthropometrics. The central finding is the high prevalence of sarcopenic obesity, a pernicious "double burden of malnutrition" characterized by the concurrent excess of pathogenic visceral fat and a deficit of functional muscle mass. This condition establishes a systemic metabolic environment that is fundamentally antagonistic to mucosal healing. The visceral adiposity acts as a pro-inflammatory engine, perpetuating mucosal injury, while the sarcopenic state cripples the anabolic capacity required for effective tissue repair. This creates a "triple threat" for patients who also have a high background prevalence of Helicobacter pylori infection.
Furthermore, our biochemical analyses reveal the functional consequences of this poor nutritional status. Low dietary diversity was directly correlated with depleted protein reserves (prealbumin and albumin) and a state of metabolic stress, evidenced by folate deficiency and consequent hyperhomocysteinemia. This elevation in homocysteine likely contributes to a vicious cycle of oxidative stress and endothelial dysfunction, further impairing the integrity of the gastrointestinal mucosa.
These findings signal an urgent need for a paradigm shift in the clinical assessment of GUD patients in Togo and similar settings undergoing a nutritional transition. Reliance on Body Mass Index (BMI) alone is insufficient and misleading, risking the oversight of severe metabolic disturbances in patients who may appear overweight or normal. It is imperative that clinicians move towards a more sophisticated and integrated evaluation, incorporating body composition analysis and key biochemical markers to unmask the true metabolic risk and guide targeted therapeutic strategies.
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