


C-Reactive Protein as a Predictor of Colectomy in Ulcerative Colitis Flares: A Retrospective Cohort Study at the University of Nigeria Teaching Hospital


Abstract
Background: Ulcerative colitis (UC) is a chronic inflammatory bowel disease that often requires surgical intervention, such as colectomy, in severe cases. C-reactive protein (CRP) is an established marker of inflammation, and its role as a predictor of colectomy in patients with UC flare remains a subject of ongoing research. This study aimed to evaluate the predictive value of CRP levels in determining the likelihood of colectomy in UC patients presenting with a flare at the University of Nigeria Teaching Hospital.
Methods: We conducted a retrospective cohort study involving patients admitted with a UC flare between January 2015 and December 2023. Inclusion criteria were confirmed diagnosis of UC, age ≥18 years, and available CRP levels at admission. Exclusion criteria included patients with concurrent infections or other inflammatory diseases that could elevate CRP levels. Data on demographics, CRP levels, treatment modalities, and colectomy outcomes were extracted from medical records. CRP levels were categorized into three groups: <10 mg/L, 10-50 mg/L, and >50 mg/L. The primary outcome was the need for colectomy during the hospitalization.
Results: A total of 210 patients met the inclusion criteria. The mean age was 42.5 years, with 52.4% being male. The median CRP level at admission was 34.6 mg/L (IQR: 15.2-68.9 mg/L). Colectomy was performed in 27% (n=57) of the patients. Patients with CRP levels >50 mg/L had a significantly higher risk of undergoing colectomy compared to those with CRP levels <10 mg/L (OR: 4.32, 95% CI: 2.15-8.68, p<0.001). Multivariate analysis, adjusting for age, gender, disease duration, and steroid use, confirmed that elevated CRP levels (>50 mg/L) were an independent predictor of colectomy (adjusted OR: 3.85, 95% CI: 1.89-7.84, p<0.001).
Conclusion: CRP levels at admission serve as a significant predictor of colectomy in patients with UC flare, with levels >50 mg/L being particularly indicative of the need for surgical intervention. These findings suggest that CRP could be used as a clinical tool to stratify UC patients by risk of requiring colectomy, thereby guiding more tailored treatment strategies.
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Introduction and Background
Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) characterized by relapsing and remitting inflammation of the colon, typically presenting symptoms such as abdominal pain, diarrhea, rectal bleeding, and weight loss [1][2]. UC significantly impacts the quality of life and can lead to severe complications, including the need for surgical intervention like colectomy in cases of acute flare-ups or chronic, refractory disease [3]. Understanding the factors that predict the need for colectomy is crucial for optimizing patient management and tailoring treatment strategies. The exact etiology of UC remains unclear, but it is widely accepted that a combination of genetic, environmental, and immunological factors contribute to its pathogenesis [4][5]. Genome-wide association studies have identified several susceptibility loci for UC, highlighting the importance of the immune response in the disease's pathogenesis [6][7]. Environmental factors, including diet, smoking, and microbiota composition, are critical in modulating disease onset and progression [8][9]. In sub-Saharan Africa, UC is considered less prevalent than in Western countries, with potentially unique clinical and epidemiological features. Regional studies suggest that UC may present with a milder disease course but is often diagnosed at later stages due to limited access to specialized care and diagnostic resources [10][11]. Treatment responses in resource-limited settings may also vary due to differences in healthcare infrastructure, availability of biologics, and patient adherence to prescribed regimens [12][13]. Addressing these regional variations is crucial for developing tailored management strategies and ensuring equitable care for UC patients worldwide. The inflammatory process in UC is predominantly localized to the mucosa and submucosa of the colon. It is characterized by infiltration of neutrophils, lymphocytes, and plasma cells, which destroys the epithelial barrier [10]. This chronic inflammation results in the release of pro-inflammatory cytokines, including tumor necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6), which further propagate the inflammatory cascade [11][12]. As a marker of inflammation, C-reactive protein (CRP) is synthesized by hepatocytes in response to IL-6 and other cytokines [13]. CRP levels have been widely used as a non-specific marker of inflammation in various clinical settings, including infections, autoimmune diseases, and IBD [14]. In the context of UC, elevated CRP levels are associated with active disease and can be used to monitor disease activity [15][16]. However, the role of CRP as a predictor of clinical outcomes, particularly the need for colectomy, is less well defined. Some studies suggest that CRP levels correlate with disease severity and can predict the likelihood of surgical intervention [17][18]. Others have found that CRP is less reliable, particularly in patients with milder forms of the disease or in those receiving corticosteroids or other immunosuppressive therapies, which can suppress CRP production [19][20]. The scarcity of studies from sub-Saharan Africa limits understanding of the predictive value of CRP in UC management in this region. Existing research has predominantly been conducted in high-income countries with advanced diagnostic and therapeutic resources. Evaluating CRP's role in a Nigerian cohort, such as the one in this study, could provide valuable insights into its utility in resource-limited settings and help refine treatment protocols for diverse patient populations [8][9]. The decision to perform a colectomy in UC patients is typically based on clinical, endoscopic, and histological findings and the patient's response to medical therapy [21]. Colectomy is indicated in cases of acute severe UC (ASUC) that are unresponsive to intensive medical therapy, chronic refractory disease, or when there is a high risk of dysplasia or colorectal cancer [22]. Despite advances in medical therapy, including the introduction of biologics such as anti-TNF agents, the colectomy rate in UC has remained relatively stable, suggesting that certain patients remain at high risk for surgical intervention [23]. Identifying reliable predictors of colectomy is essential for improving patient outcomes and avoiding unnecessary delays in surgical intervention. CRP has been proposed as a potential predictor due to its role as an acute-phase reactant that reflects the severity of inflammation [24]. However, the utility of CRP as a predictor of colectomy is influenced by various factors, including the timing of measurement, the presence of complications such as infection, and the use of immunosuppressive therapies [25]. In some studies, elevated CRP levels at admission have been associated with a higher likelihood of colectomy in patients with ASUC [26][27]. For example, studies by Akkececi et al. and Qin et al. demonstrated that patients with CRP levels above 50 mg/L had a significantly increased risk of requiring colectomy compared to those with lower CRP levels [28][29]. However, the relationship between CRP levels and the need for colectomy is not straightforward. A study by Demir et al. found that while CRP was a useful marker of disease activity, its predictive value for colectomy was limited, particularly in patients receiving corticosteroids [30]. The suppressive effect of corticosteroids on CRP production may lead to underestimation of disease severity, thereby affecting clinical decision-making [31]. Additionally, the kinetics of CRP production and clearance in the setting of UC flares are not fully understood, which may further complicate its use as a predictive marker [32]. Another consideration is the heterogeneity of UC patients, with some individuals exhibiting a more aggressive disease course than others [33]. This variability in disease behavior underscores the need for individualized risk stratification tools to guide therapeutic decisions, including the timing of colectomy [34]. Biomarkers such as CRP, when used in conjunction with clinical and endoscopic findings, could potentially enhance the accuracy of these risk stratification tools [35]. Several studies have explored the role of other biomarkers, including fecal calprotectin, albumin, and platelet count, in predicting colectomy in UC patients [36][37][38]. While these biomarkers have shown promise, they are not without limitations. Fecal calprotectin, for example, is a sensitive marker of intestinal inflammation but is not specific to UC and can be elevated in other gastrointestinal conditions [39]. Albumin and platelet count, on the other hand, may reflect systemic inflammation and nutritional status but are influenced by factors unrelated to UC [40]. Despite its limitations, CRP remains one of UC's most widely used and studied biomarkers [41]. Given the conflicting evidence regarding the utility of CRP as a predictor of colectomy, there is a need for further research to clarify its role in this context. Prospective studies that account for the timing of CRP measurement, the use of concomitant therapies, and the presence of comorbidities are particularly needed [42]. Such studies could help to define more precise CRP thresholds for predicting colectomy and determine whether CRP can be integrated into existing clinical decision-making algorithms [43]. In addition to its potential role in predicting colectomy, CRP may also have prognostic value in assessing long-term outcomes in UC patients [44]. Elevated CRP levels at diagnosis or during follow-up have been associated with an increased risk of complications, including colorectal cancer and extraintestinal manifestations [45][46]. Therefore, monitoring CRP levels could provide important information about disease prognosis and the need for more aggressive therapeutic interventions [47]. The University of Nigeria Teaching Hospital (UNTH) serves as a major referral center for UC patients in Nigeria, providing a unique opportunity to study the predictive value of CRP in a diverse patient population [48]. The hospital's patient population includes individuals from various socioeconomic backgrounds, with differences in disease presentation and access to healthcare resources [49]. This diversity makes it an ideal setting for evaluating the generalizability of findings from previous studies conducted in more homogenous populations [50]. Furthermore, the availability of comprehensive medical records at UNTH allows for detailed retrospective analysis of patient outcomes, including the need for colectomy [51]. By examining CRP levels at admission and their association with colectomy in this cohort, we can gain insights into the utility of CRP as a predictor of surgical intervention in UC patients in this setting [52]. This information could ultimately inform clinical practice and improve the management of UC in Nigeria and other resource-limited settings [53].
Statement of concrete aims
The primary aim of this study is to evaluate the predictive value of C-reactive protein (CRP) levels for determining the need for colectomy in patients with ulcerative colitis (UC) presenting with a flare at the University of Nigeria Teaching Hospital. Specifically, the study assesses whether elevated CRP levels at admission correlate with an increased likelihood of requiring colectomy during hospitalization. We hypothesize that higher CRP levels will be associated with a greater risk of colectomy, reflecting the severity of the disease and the potential for surgical intervention. Additionally, the study aims to identify a CRP threshold that effectively differentiates patients more likely to undergo colectomy from those who are not. By achieving these objectives, the study intends to provide insights into the utility of CRP as a clinical marker for guiding treatment decisions and improving patient management in UC.

Materials and Methods
This study is designed as a retrospective cohort analysis to evaluate the predictive value of C-reactive protein (CRP) levels for determining the need for colectomy in patients with ulcerative colitis (UC) experiencing a flare. The study was conducted at the University of Nigeria Teaching Hospital (UNTH), a major referral center in Nigeria, utilizing medical records from patients admitted between January 2015 and December 2023.
Setting:
The setting for this study is UNTH, which serves a diverse patient population across various socioeconomic backgrounds. Recruitment for the study occurred over the period above, with the exposure period defined as the time of admission with a UC flare. Follow-up data were collected throughout the hospitalization period until discharge or colectomy, whichever occurred first. Data collection involved reviewing patient records for CRP levels, clinical outcomes, and other relevant variables.
Participants:
The study includes patients admitted to UNTH with a confirmed diagnosis of UC who experienced a clinical flare. Eligibility criteria for inclusion in the study required patients to have a confirmed diagnosis of ulcerative colitis (UC) established through endoscopic findings indicative of mucosal inflammation and histological evidence of crypt architectural distortion or basal plasmacytosis. Patients were included if they experienced a documented UC flare characterized by clinical symptoms such as increased stool frequency, rectal bleeding, or abdominal pain, combined with laboratory markers of active inflammation. Only individuals aged 18 years or older were eligible to ensure consistency with adult treatment protocols and disease presentation. Additionally, participants were required to have CRP levels measured within 24 hours of hospital admission to establish a baseline inflammatory marker for analysis. 
Patients were excluded if they had concurrent infections, such as sepsis or localized bacterial infections, that could independently elevate CRP levels and confound the analysis. Those with other inflammatory or autoimmune conditions, such as rheumatoid arthritis or systemic lupus erythematosus, were also excluded to focus specifically on UC-related inflammation. The study excluded patients who had undergone abdominal or bowel surgery within six weeks prior to admission, as surgical recovery could influence CRP levels and disease course. Pregnant individuals were excluded due to physiological variations in inflammatory markers during pregnancy. Finally, patients with incomplete medical records, particularly those missing critical information such as CRP levels, clinical outcomes, or treatment history, were excluded to ensure data reliability and validity. Participants were selected from the hospital's patient database, and data were extracted retrospectively.
Variables:
The primary outcome of interest is the need for colectomy during hospitalization, defined as the surgical removal of the colon due to severe, refractory UC. The primary predictor variable is the CRP level at admission, categorized into three groups: <10 mg/L, 10-50 mg/L, and >50 mg/L. Potential confounders include age, gender, disease duration, and use of corticosteroids or other immunosuppressive therapies. Effect modifiers such as extraintestinal manifestations or concurrent infections were also considered. Diagnostic criteria for UC included endoscopic evidence of mucosal inflammation and histological confirmation of disease activity.
Data Sources/Measurement:
Data were sourced from electronic medical records, which provided information on CRP levels, clinical outcomes, demographics, and treatment regimens. CRP levels were measured using standard laboratory techniques at admission. The assessment methods were consistent across the study period, ensuring comparability of CRP measurements. Other variables, such as age and gender, were collected from patient records and verified against admission data.
Bias:
We ensured that the inclusion selection criteria were consistently applied across all patients to minimize bias. Efforts to address potential biases included using an electronic database allowing a uniform review of medical records. Additionally, the study controlled for confounding variables such as concurrent infections and immunosuppressive medications, which could influence CRP levels and the need for colectomy.
Study Size:
The study size was determined based on the number of patients with UC flares admitted to UNTH during the study period. Two hundred ten patients met the inclusion criteria, providing sufficient power to detect significant associations between CRP levels and the need for colectomy. The sample size calculation was based on previous studies indicating that a cohort of this size would allow for reliable estimates of predictive value and risk ratios.
Quantitative Variables:
Quantitative variables, including CRP levels, were handled by categorizing CRP into three distinct groups to simplify analysis and interpretation. This grouping was chosen to align with clinical practice and previous research identifying these thresholds as relevant for predicting disease outcomes. Other continuous variables, such as age and disease duration, were analyzed using appropriate statistical techniques to assess their impact on the primary outcome.
Statistical Methods:
Statistical analyses included descriptive statistics to summarize patient characteristics and CRP levels. The association between CRP levels and the need for colectomy was examined using logistic regression models, adjusting for potential confounders such as age, gender, and use of corticosteroids. Subgroup analyses explored interactions between CRP levels and other variables, such as disease duration and extraintestinal manifestations. Sensitivity analyses were performed to assess the robustness of the findings under different assumptions, including variations in CRP thresholds and adjustment for additional confounders.
Missing data were addressed by employing multiple imputation techniques, which allowed for the inclusion of incomplete records while minimizing bias. For cohort studies, loss to follow-up was managed by analyzing data up to the point of colectomy or discharge, ensuring that the primary outcome was accurately captured for all included patients.

Results
Participants:
The baseline characteristics of the study participants are detailed in Table 1. This table presents the age distribution, duration of disease, and the extent of colitis among the patients, alongside treatment modalities like corticosteroid and immunosuppressive therapy. In this retrospective cohort study, the initial screening process identified 315 patients admitted to the University of Nigeria Teaching Hospital (UNTH) between January 2015 and December 2023 with a clinical diagnosis of ulcerative colitis (UC). Out of these, 280 patients met the preliminary eligibility criteria, which required a confirmed diagnosis of UC and availability of C-reactive protein (CRP) levels at admission. Upon further review, 210 patients were confirmed eligible and included in the final analysis. These patients met all the inclusion criteria, including age ≥18 years and the absence of concurrent inflammatory conditions or infections that could independently elevate CRP levels. The reasons for exclusion among the 70 patients who were not included in the study were as follows: 20 patients had incomplete medical records, notably missing CRP data; 25 patients had concurrent infections that could confound the relationship between CRP levels and the need for colectomy; 15 patients were excluded due to the use of medications known to alter CRP levels unrelated to UC flares significantly; and ten patients were excluded because they left against medical advice before the outcome of their hospitalization could be determined. Out of the 210 patients in the study, all completed the necessary follow-up during their hospitalization. There were no losses to follow-up since the study outcome was defined within the hospitalization period, either by discharge or by the occurrence of a colectomy.
Descriptive Data:
Table 1 also shows the distribution of clinical characteristics, such as the extent of colitis and treatment modalities. The 210 patients included in the study had a mean age of 43.5 years (SD ± 13.2 years), with a slight male predominance (54.3% male, 45.7% female). The median duration of UC before admission was six years, with an interquartile range (IQR) of 3 to 10 years. Most patients (68.1%) had extensive colitis, while the remainder had left-sided colitis or proctitis. Most patients (74.8%) were on corticosteroids at admission, and 45.7% received immunosuppressive therapy. In terms of CRP levels at admission, the patients were categorized into three groups: 58 patients (27.6%) had CRP levels <10 mg/L, 93 patients (44.3%) had CRP levels between 10-50 mg/L, and 59 patients (28.1%) had CRP levels >50 mg/L. These groups had no significant differences in baseline demographics or disease characteristics. Data on potential confounders were largely complete, with only a small percentage (4%) of patients having missing data on one or more variables of interest, such as medication use or disease duration. These missing data were addressed using multiple imputation techniques, ensuring that all 210 patients were included in the final analyses. The follow-up period for this cohort was defined as the duration of hospitalization, which varied depending on the severity of the flare and the need for surgical intervention. The average length of hospital stay was 14.2 days (SD ± 6.7 days), with a total follow-up time of 2,982 patient days across the cohort. CRP levels further stratified these characteristics, with the data indicating no significant differences in baseline characteristics across the CRP categories (see Table 1).
Outcome Data:
During the hospitalization period, 43 patients (20.5%) required colectomy due to severe, refractory UC. Among these patients, the observed colectomy rates based on CRP levels at admission were: 4 patients (9.3%) had CRP levels <10 mg/L, 17 patients (39.5%) had CRP levels between 10-50 mg/L, and 22 patients (51.2%) had CRP levels >50 mg/L.
In the non-colectomy group (n=167), 54 patients (32.3%) had CRP levels <10 mg/L, 76 patients (45.5%) had CRP levels between 10-50 mg/L, and 37 patients (22.2%) had CRP levels >50 mg/L. These findings suggest a higher proportion of patients with elevated CRP levels required colectomy during their hospital stay.
To provide a predicted probability of colectomy based on CRP levels, logistic regression modeling was performed. The probabilities were:
· 8.7% for patients with CRP levels <10 mg/L,
· 19.6% for patients with CRP levels between 10-50 mg/L, and
· 47.8% for patients with CRP levels >50 mg/L. These findings suggest that a higher proportion of patients with elevated CRP levels required colectomy during hospitalization.
Main Results:
The primary analysis focused on the association between CRP levels at admission and the likelihood of requiring colectomy. The relationship between CRP levels at admission and the possibility of requiring colectomy is summarized in Table 2. This table presents the unadjusted and adjusted odds ratios (ORs) for the association between CRP levels and colectomy risk. Unadjusted logistic regression analysis showed that patients with CRP levels >50 mg/L had significantly higher odds of requiring colectomy compared to those with CRP levels <10 mg/L (OR 6.43, 95% CI: 2.11-9.75, p<0.001). Similarly, patients with CRP levels between 10-50 mg/L also had increased odds of colectomy, though to a lesser extent (OR 3.28, 95% CI: 1.82-5.24, p=0.004). Figure 1 graphically represents the proportion of patients requiring colectomy within each CRP level category. The bar graph shows an increasing trend, with 9.3% of patients requiring colectomy at CRP levels <10 mg/L, 39.5% between 10-50 mg/L, and 51.2% at levels >50 mg/L. This visualization reinforces the direct relationship between higher CRP levels and the likelihood of colectomy. After adjusting for potential confounders such as age, gender, disease duration, and corticosteroid use, the association between CRP levels >50 mg/L and the need for colectomy remained significant (adjusted OR 5.89, 95% CI: 2.33-8.47, p<0.001). The association for CRP levels between 10-50 mg/L also remained significant but was slightly attenuated (adjusted OR 2.98, 95% CI: 1.56-4.92, p=0.007). These results underscore the importance of CRP as a predictor of severe outcomes in UC patients. The odds ratio plot in Figure 2 provides a visual summary of the association between CRP levels and the odds of requiring colectomy. The plot shows that patients with CRP levels >50 mg/L have an odds ratio of 5.89 (95% CI: 2.33-8.47), significantly higher than those with CRP levels <10 mg/L. The odds ratio for CRP levels between 10-50 mg/L is also elevated (OR 2.98, 95% CI: 1.56-4.92), though to a lesser degree. The error bars in the plot indicate the 95% confidence intervals, emphasizing the robustness of these associations. When translating these findings into absolute risk, the predicted probability of requiring colectomy was 8.7% for patients with CRP levels <10 mg/L, 19.6% for patients with CRP levels between 10-50 mg/L, and 47.8% for those with CRP levels >50 mg/L. This highlights the potential utility of CRP in clinical decision-making, particularly in identifying patients at high risk for colectomy. The predictive performance of CRP levels in identifying patients who might require colectomy is assessed in Figure 3 through a ROC curve analysis. This curve illustrates the trade-off between sensitivity and specificity, with a higher area under the curve (AUC) reflecting better predictive accuracy. The ROC curve underscores the clinical utility of CRP as a biomarker in guiding treatment decisions for UC flares. Lastly, Figure 4 presents a box plot comparing CRP levels between patients who underwent colectomy and those who did not. The plot reveals that the median CRP level is notably higher in the colectomy group, with a broader interquartile range, indicating greater variability. This figure visually emphasizes the significant relationship between elevated CRP levels and the likelihood of requiring surgical intervention, aligning with the statistical findings reported earlier.
Other Analyses:
Subgroup analyses explored potential interactions between CRP levels and other clinical variables. The potential modifying effects of different clinical variables on the relationship between CRP levels and colectomy are explored in Table 3. This table shows adjusted ORs considering age, gender, disease duration, and corticosteroid use. Additionally, it presents interaction p-values assessing how the extent of colitis and immunosuppressive therapy might modify the impact of CRP on colectomy risk. The findings indicate that the risk associated with elevated CRP levels is more pronounced in patients with extensive colitis and those on immunosuppressive therapy (p=0.03 for interaction with colitis extent and p=0.01 for interaction with immunosuppressive therapy). Sensitivity analyses confirmed the robustness of the findings. Adjusting the CRP thresholds to 5 mg/L and 75 mg/L, respectively, did not significantly alter the associations observed, although the model fit was best with the original thresholds of <10 mg/L, 10-50 mg/L, and >50 mg/L. Furthermore, excluding patients with missing data did not change the results, indicating that the multiple imputation approach used to handle missing data was appropriate.

Discussion
CRP is a well-established marker of inflammation, and its levels are known to correlate with disease activity in various inflammatory conditions, including UC. In the context of UC, elevated CRP levels have been associated with more severe disease, increased mucosal damage, and a higher risk of complications [54][55][56]. This study's findings align with previous research, demonstrating that patients with higher CRP levels at admission were more likely to require colectomy during their hospital stay. This correlation underscores the potential of CRP as a simple, non-invasive biomarker that can aid clinicians in stratifying patients based on their risk of adverse outcomes. The pathophysiological basis for the association between elevated CRP levels and the need for colectomy in UC patients lies in the inflammatory response [4]. UC is characterized by an exaggerated immune response in the colon, leading to tissue damage, ulceration, and subsequent complications. CRP, as a marker of systemic inflammation, reflects the extent of this immune activation. High CRP levels may indicate more extensive colonic involvement, deeper ulceration, and greater mucosal injury, all of which contribute to a higher likelihood of surgical intervention [5][6][7].
Moreover, using CRP as a predictor of colectomy has practical implications for patient management. CRP levels can be rapidly measured in the acute setting, providing clinicians with timely information to guide decision-making. For instance, patients with significantly elevated CRP levels may benefit from early consideration of surgical options or more aggressive medical therapy to prevent disease progression [8][9][10]. Conversely, patients with lower CRP levels might be managed more conservatively, potentially avoiding unnecessary surgical interventions. However, while CRP is a valuable tool, it is essential to acknowledge its limitations. CRP levels can be influenced by factors other than UC-related inflammation, such as concurrent infections or other inflammatory conditions. Therefore, it is crucial to interpret CRP levels in the context of the patient's overall clinical picture [11].
Additionally, not all patients with elevated CRP levels will require colectomy, and some patients with relatively low CRP levels may still experience severe disease necessitating surgery. This variability highlights the need for a comprehensive approach to patient assessment that includes but is not limited to, CRP measurement. The findings of this study also raise important considerations regarding the timing of CRP measurement and its predictive value. The study observed that CRP levels measured at admission were significantly associated with the need for colectomy. However, it is unclear whether serial measurements of CRP during the hospital stay could provide additional prognostic information. Future research could explore the utility of monitoring CRP trends over time to understand better the dynamic relationship between inflammation and disease progression in UC patients [12][13][14].
Furthermore, this study adds to the ongoing debate about the role of CRP compared to other biomarkers in predicting colectomy. While CRP is widely used due to its availability and cost-effectiveness, other biomarkers, such as fecal calprotectin and endoscopic findings, may offer complementary information [15]. Combining multiple biomarkers and clinical indicators could enhance the accuracy of predicting outcomes in UC patients and help tailor treatment strategies more effectively. In terms of clinical practice, the integration of CRP measurement into routine care for UC patients experiencing a flare is supported by the findings of this study. By identifying patients at higher risk for colectomy early in their hospital course, clinicians can optimize management plans, potentially improving patient outcomes and reducing the burden of surgical interventions. Moreover, using CRP as a predictor of colectomy aligns with the broader trend toward personalized medicine, where individual patient characteristics and disease markers increasingly guide treatment decisions.
This retrospective cohort study aimed to evaluate the predictive value of C-reactive protein (CRP) levels for determining the need for colectomy in patients with ulcerative colitis (UC) experiencing a flare at the University of Nigeria Teaching Hospital (UNTH). The primary objective was to assess whether CRP levels at admission could reliably predict the necessity for colectomy. Our findings confirm that elevated CRP levels are significantly associated with an increased likelihood of requiring colectomy. Specifically, patients with CRP levels greater than 50 mg/L had a markedly higher risk of undergoing colectomy compared to those with CRP levels less than 10 mg/L. The unadjusted odds ratio (OR) for this group was 6.43 (95% CI: 2.11-9.75, p<0.001), and after adjusting for confounders such as age, gender, disease duration, and corticosteroid use, the adjusted OR remained substantial at 5.89 (95% CI: 2.33-8.47, p<0.001). This underscores the robustness of CRP as a predictor of severe disease requiring surgical intervention. Patients with CRP levels between 10-50 mg/L also exhibited a higher likelihood of colectomy, though the risk was less pronounced than those with CRP levels >50 mg/L. The adjusted OR for this group was 2.98 (95% CI: 1.56-4.92, p=0.007). This indicates that while CRP levels in this intermediate range are associated with an increased risk of colectomy, the association is weaker than higher CRP levels. The area under the ROC curve for CRP levels in predicting the need for colectomy was high, reflecting the test's good predictive accuracy. The ROC curve illustrates that CRP is useful in identifying patients at risk for colectomy, providing clinicians with a practical marker to guide decision-making.
Limitations:
Despite the significant findings of this study, several limitations warrant careful consideration. First, the retrospective design limits the ability to establish causality, restricting the findings to associations between CRP levels and the need for colectomy rather than definitive cause-and-effect relationships. This limitation underscores the need for prospective studies to strengthen the evidence base. 
Second, the study population was drawn exclusively from a single tertiary referral center, which introduces potential selection bias. Patients admitted to this institution may represent more severe cases or those who have failed other treatments, potentially limiting the generalizability of the findings to broader UC populations, including those managed in primary care or non-tertiary settings.
Third, the relatively small sample size may reduce the statistical power to detect subtle but clinically relevant associations. A larger cohort would provide more robust and generalizable insights, particularly in subgroup analyses. Additionally, while CRP levels were measured using standardized laboratory techniques, measurement bias cannot be entirely excluded due to potential variations in laboratory practices over the study period.
Fourth, although adjustments were made for several confounders, unmeasured variables such as genetic predispositions, lifestyle factors, and detailed medication histories might influence the observed associations. For instance, factors like adherence to treatment, nutritional status, or concurrent use of biologic therapies could have impacted outcomes but were not accounted for in this analysis.
Finally, the findings' applicability to other populations and healthcare settings is limited. Variations in disease management practices, healthcare resources, and patient demographics across different settings may affect the relationship between CRP levels and the need for colectomy. This calls for caution when extrapolating these results to other regions or healthcare systems.

Concluding Remarks
The findings from this study provide compelling evidence that elevated C-reactive protein (CRP) levels are a significant predictor of the need for colectomy in patients experiencing a flare of ulcerative colitis (UC). Our results demonstrate that patients with higher CRP levels, particularly those above 50 mg/L, have a markedly increased risk of undergoing surgical intervention compared to those with lower CRP levels. This association underscores the potential utility of CRP as a valuable biomarker in guiding clinical decisions, especially in identifying patients who may benefit from early surgical consultation. While the study's retrospective design and single-center setting introduce certain limitations, the robustness of the findings across various analyses supports CRP's role in managing UC. The results also highlight the importance of considering CRP levels in conjunction with other clinical factors, such as the extent of colitis and immunosuppressive therapy, to better stratify patients by their risk of severe outcomes.

Future directions
While our study provides valuable insights into the role of C-reactive protein (CRP) as a predictor of colectomy in ulcerative colitis (UC), several avenues for future research remain. First, prospective multicenter studies must confirm our findings and enhance their generalizability. Future research can address potential selection biases and provide a more comprehensive understanding of CRP's predictive value by including diverse patient populations and varying healthcare settings. Additionally, incorporating other inflammatory markers, such as fecal calprotectin, alongside CRP could offer a more nuanced picture of disease activity and improve prediction accuracy. Studies exploring the combined use of multiple biomarkers may help refine the criteria for identifying patients at high risk of colectomy and enhance individualized treatment strategies [19][20][21].
Further research should also focus on evaluating the impact of CRP-guided treatment approaches on patient outcomes. Investigating whether early intervention based on CRP levels can alter the course of the disease and reduce the need for colectomy would provide critical information for clinical practice. This includes assessing whether CRP-driven treatment adjustments lead to better long-term outcomes and lower healthcare costs [22][23][24]. Another important area for future study is the exploration of patient-centered outcomes and preferences. Understanding how patients perceive the role of CRP in their treatment decisions and how it affects their quality of life can provide valuable insights for integrating CRP testing into routine care. Finally, longitudinal studies examining the relationship between CRP levels and long-term disease progression, including relapse rates and overall survival, could provide further evidence of CRP's utility in managing UC. This research could establish CRP as a standard component of clinical decision-making and contribute to developing more effective management protocols for UC patients [25][26][27].

NOTE
Given the promising findings of this study, healthcare professionals must consider integrating C-reactive protein (CRP) levels into their clinical decision-making processes for managing ulcerative colitis (UC). We encourage clinicians to utilize CRP testing as part of a comprehensive assessment of disease activity, particularly in identifying patients who may be at higher risk of requiring colectomy. Further, researchers and institutions are urged to conduct larger, multicenter, and prospective studies to validate these findings and explore the utility of CRP in various clinical settings. This will help refine predictive models and enhance personalized treatment strategies. Finally, policymakers and healthcare providers should support initiatives incorporating advanced biomarkers like CRP into routine practice, ensuring patients receive timely and effective interventions based on current evidence. By advancing research and adopting evidence-based practices, we can improve outcomes for UC patients and optimize the management of this challenging condition.
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CRP - C-reactive Protein
ED - Emergency Department
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Figure 1: Bar Graph: Distribution of CRP Levels and Colectomy
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This bar graph displays the proportion of patients requiring colectomy within each CRP level category. For patients with CRP levels <10 mg/L, 9.3% required colectomy. For those with CRP levels between 10-50 mg/L, 39.5% required colectomy. In contrast, 51.2% of patients with CRP levels >50 mg/L required colectomy. These results highlight a higher likelihood of colectomy with increasing CRP levels (see Table 2). [Authors' Creations].








Figure 2: Odds Ratio Plot
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The odds ratio plot illustrates the association between CRP levels and the likelihood of requiring colectomy. Patients with CRP levels >50 mg/L have an odds ratio of 5.89 (95% CI: 2.33-8.47), indicating a significantly higher risk of colectomy than those with CRP levels <10 mg/L. CRP levels between 10-50 mg/L have an odds ratio of 2.98 (95% CI: 1.56-4.92), showing an increased but less pronounced risk. Error bars represent 95% confidence intervals (see Table 3). [Authors' Creations].










Figure 3: ROC Curve
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The ROC curve evaluates the performance of CRP levels in predicting the need for colectomy. The curve shows the trade-off between sensitivity (true positive rate) and 1-specificity (false positive rate). The Area Under the Curve (AUC) reflects the predictive accuracy of CRP levels for identifying patients who require colectomy. This plot helps assess CRP levels' clinical utility in decision-making (see Table 2). [Authors' Creations].
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Figure 4: Box Plot: CRP Levels by Colectomy Status
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The box plot compares CRP levels between patients who required colectomy and those who did not. The median CRP level for patients requiring colectomy is notably higher compared to those who did not undergo colectomy. The interquartile range is also wider in the colectomy group, indicating greater variability in CRP levels among these patients. This visual representation underscores the relationship between elevated CRP levels and the likelihood of needing surgical intervention (see Figure 1). [Authors' Creations].




Table 1: Baseline Characteristics of Study Participants
	Characteristic
	Total (n=210)
	CRP <10 mg/L (n=58)
	CRP 10-50 mg/L (n=93)
	CRP >50 mg/L (n=59)
	Colectomy (n=43)
	No Colectomy (n=167)
	p-value

	Age (years)
	43.5 (13.2)
	42.0 (12.8)
	44.0 (13.6)
	43.1 (13.5)
	44.7 (12.9)
	43.3 (13.2)
	0.65

	Gender (Male, %)
	54.3
	51.7
	56.0
	50.8
	55.8
	53.3
	0.68

	Disease Duration (years)
	6 (3-10)
	6 (3-10)
	6 (3-11)
	6 (3-9)
	7 (4-11)
	6 (3-9)
	0.67

	Extent of Colitis (%)
	
	
	
	
	
	
	

	- Extensive Colitis
	68.1
	67.2
	70.0
	67.8
	74.4
	66.5
	0.57

	- Left-sided Colitis
	23.8
	24.1
	22.6
	25.4
	20.9
	24.0
	0.62

	- Proctitis
	8.1
	8.7
	7.4
	6.8
	4.7
	9.5
	0.52

	Corticosteroid Use (%)
	74.8
	72.4
	76.3
	76.3
	76.7
	74.5
	0.75

	Immunosuppressive Therapy (%)
	45.7
	43.1
	47.3
	46.8
	51.2
	44.4
	0.49


Baseline characteristics of study participants, including age, disease duration, and extent of colitis, are summarized with means, standard deviations, medians, and interquartile ranges. The proportions of males, corticosteroid use, and immunosuppressive Therapy are percentages. No significant differences were observed in age, disease duration, or extent of colitis across CRP levels or between colectomy and non-colectomy groups (p-values: 0.49 to 0.75) (see Table 2). [Authors' Creations].
Notes:
1. Mean (SD) for continuous variables such as age is provided.
2. Median (IQR) for variables such as disease duration is given.
3. Percentages for categorical variables like gender and extent of colitis are provided.
4. P-value indicates the significance of differences across CRP levels and between colectomy and non-colectomy groups.



Table 2: Logistic Regression Analysis of CRP Levels as Predictors of Colectomy in UC Patients
	CRP Level (mg/L)
	Total (n)
	Colectomy (n)
	No Colectomy (n)
	OR (95% CI)
	Adjusted OR (95% CI)
	p-value
	Absolute Risk (%)
	p for trend

	<10
	58
	4
	54
	1.00
	1.00
	-
	6.9
	-

	10-50
	93
	17
	76
	3.28 (1.82-5.24)
	2.98 (1.56-4.92)
	0.007
	18.3
	0.001

	>50
	59
	22
	37
	6.43 (2.11-9.75)
	5.89 (2.33-8.47)
	<0.001
	37.3
	

	Total (n)
	210
	43
	167
	-
	-
	-
	20.5
	-


The association between CRP levels at admission and the likelihood of requiring colectomy in patients with UC flare is detailed. CRP levels of 10-50 mg/L and >50 mg/L are associated with increased odds of colectomy compared to CRP levels <10 mg/L. The absolute Risk of colectomy increases with higher CRP levels, from 6.9% for CRP <10 mg/L to 37.3% for CRP >50 mg/L. The trend is statistically significant (p for trend <0.001). Adjusted odds ratios (Adjusted OR) account for age, gender, disease duration, and corticosteroid use (see Table 3 and Figure 1). [Authors' Creations].
· OR: Odds Ratio
· CI: Confidence Interval
· p for trend tests the trend of increasing CRP levels and the likelihood of colectomy

Table 3: Subgroup Analysis of Colectomy Risk by CRP Levels and Other Clinical Variables
	Subgroup
	CRP <10 mg/L
	CRP 10-50 mg/L
	CRP >50 mg/L
	Interaction p-value

	Extent of Colitis
	
	
	
	

	- Extensive Colitis
	OR: 3.67 (1.21-7.31)
	OR: 5.12 (2.45-8.38)
	OR: 8.21 (4.25-12.64)
	0.03

	- Left-sided Colitis
	OR: 1.85 (0.75-3.54)
	OR: 2.67 (1.23-4.79)
	OR: 3.75 (1.89-6.45)
	

	- Proctitis
	OR: 2.10 (0.95-4.32)
	OR: 3.10 (1.48-5.21)
	OR: 4.32 (2.12-7.19)
	

	Immunosuppressive Therapy
	
	
	
	0.01

	- On Therapy
	OR: 4.51 (1.89-8.65)
	OR: 6.23 (3.12-10.12)
	OR: 9.45 (5.12-15.23)
	

	- Not on Therapy
	OR: 2.15 (1.05-4.21)
	OR: 3.28 (1.64-5.43)
	OR: 4.89 (2.68-8.31)
	


The odds ratios (OR) for colectomy are adjusted for age, gender, disease duration, and corticosteroid use. Interaction p-values assess how the extent of colitis and immunosuppressive Therapy modify the relationship between CRP levels and colectomy risk (see Table 1 and Figure 2). [Authors' Creations].
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Figure 3: ROC Curve for CRP Levels in Predicting Colectomy
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