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Background: Early-onset colorectal cancer (EOCRC; diagnosed at age <50 years) is rising globally, including in SouthAsia. Ultra-

processed food (UPF) consumption, cumulative antibiotic exposure, and systemic inflammation have been independently linked to 

colorectal carcinogenesis, but their joint effects and interactions remain 

uncharacterized in resource-limited settings.  

Methodology: We conducted a retrospective matched case-control study at the Bolan Medical Complex and Sandeman Provincial 

Hospital in Quetta, Pakistan (2018–2026). Cases (n = 174) were adults aged 18–49 with histologically confirmed colorectal 

adenocarcinoma. Controls (n = 348) were matched 1:2 on age, sex, race/ethnicity, BMI category, and index calendar year. UPF intake 

was assessed via a validated 28-item NOV Aadapted food frequency questionnaire (tertiles: low ≤5.1, middle 5.2–9.7, high ≥9.8 

servings/day).Cumulative lifetime antibiotic courses were extracted from pharmacy records. Conditional logistic regression 

estimated adjusted odds ratios (aORs) and 95% confidence intervals (CIs). Multiplicative/additive interactions and causal mediation 

by high-sensitivity C-reactive protein (hsCRP) were evaluated.  

Results: In fully adjusted models, high UPF intake (aOR 1.65; 95% CI: 1.21–2.26; p < 0.001) and cumulative antibiotic exposure ≥3 

courses (aOR 1.47; 95% CI: 1.09–1.99; p = 0.012) were independently associated with higher odds of EOCRC. Broad-spectrum 

antibiotics demonstrated the strongest class-specific association (aOR 1.52; 95% CI: 1.06–2.18). Participants with both high UPF 

intake and ≥3 antibiotic courses exhibited synergistic odds of EOCRC (aOR 2.98; 95% CI: 1.72–5.17), with significant multiplicative 

(interaction OR 1.89; p = 0.031) and additive interaction (RERI 0.84; 95% CI: 0.09–1.59). Elevated hsCRP 

(>3 mg/L) mediated 24.3% (95% CI: 12.1–38.6%) of the UPF–EOCRC association. Associations were stronger for distal/rectal 

tumors (aOR 1.82) and low-SES strata (aOR 2.04).  

Conclusions: High UPF consumption and cumulative antibiotic exposure are independent, synergistic risk factors for EOCRC in a 

young South Asian cohort, with systemic inflammation mediating roughly one-quarter of the dietary risk. These findings highlight 

the need for targeted dietary interventions, antibiotic stewardship in low-resource settings, and earlier risk-stratified CRC screening.  
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INTRODUCTION: 

Early-onset colorectal cancer (EOCRC)—defined as colorectal 

cancer diagnosed in individuals younger than 50 years—has 

emerged as a global public health priority. Whereas overall CRC 

incidence has declined in high-income countries owing to 

widespread screening programmes, EOCRC incidence has 

increased by approximately 1.5–2.0% per year since the mid-

1990s in the United States and comparable trends have been 

documented in South Asia, Southeast Asia, and the Middle 

East.1,2 EOCRC now constitutes approximately 14% of all new 

CRC diagnoses in the United States, with modelling studies 
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projecting this share to exceed 20% by 2030.3 In Pakistan, 

population-based data are sparse, but hospital-based series 

suggest that CRC disproportionately affects younger patients—

often presenting at a more advanced stage—than in Western 

cohorts, a pattern likely reflecting both late diagnosis and 

genuine epidemiological shifts.4,5 

The pathogenesis of EOCRC is incompletely understood. 

Established hereditary syndromes (Lynch syndrome, familial 

adenomatous polyposis) account for only 10–20% of early-onset 

cases, leaving the majority classified as sporadic.6 This has 

prompted intense scrutiny of environmental and lifestyle factors 

that have shifted in parallel with EOCRC incidence trends. Three 

such factors have attracted converging mechanistic and 

epidemiological attention: ultra-processed food (UPF) 

consumption, cumulative antibiotic exposure, and systemic low-

grade inflammation. 

Ultra-processed foods—defined under the NOVA classification 

as industrial formulations of extracted substances and food 

additives with little or no intact food components—now 

constitute 50–60% of total caloric intake in high-income 

countries and are rapidly penetrating lower-income urban 

markets, including Pakistani cities.7 Their mechanistic links to 

CRC risk include promotion of gut microbial dysbiosis, 

increased intestinal permeability, activation of the NF-κB 

inflammatory pathway, and direct mutagenic effects of food 

additives including nitrites and synthetic emulsifiers.8,9 A 

pivotal 2025 prospective analysis of the Nurses' Health Study II 

reported that women in the highest quintile of UPF intake had a 

45% higher odds of early-onset colorectal conventional 

adenoma—a recognised precursor lesion—compared with the 

lowest quintile, with effects most pronounced for distal 

lesions.10 

Antibiotic-associated disruption of the gut microbiome 

represents a second well-characterised modifiable pathway. 

Broad-spectrum and anti-anaerobic antibiotics substantially 

reduce microbial diversity and selectively deplete short-chain 

fatty acid (SCFA)-producing bacterial taxa, including 

Faecalibacterium prausnitzii and Roseburia intestinalis, which 

maintain colonocyte health and mucosal integrity.11 Large 

nested case-control studies have reported adjusted odds ratios of 

1.3–1.5 for CRC among individuals with three or more antibiotic 

prescriptions, with particularly strong effects in younger patients 

and with anti-anaerobic agents.12,13 

A third converging line of evidence implicates systemic and 

mucosal inflammation as a potential mediating pathway. 

Elevated high-sensitivity C-reactive protein (hsCRP), 

erythrocyte sedimentation rate (ESR), and fecal calprotectin—

measurable from routine clinical specimens without advanced 

laboratory infrastructure—have been associated with adenoma 

prevalence and incident CRC.14,15 These markers may 

represent a final common pathway through which both UPF 

intake and antibiotic-induced dysbiosis promote neoplastic 

transformation via chronic, low-grade inflammatory signalling. 

Despite this mechanistic convergence, the three exposures have 

rarely been examined jointly within a single study, and 

essentially no evidence exists from resource-limited South Asian 

settings where UPF market penetration is accelerating, antibiotic 

overprescription is well-documented, and advanced microbiome 

assays remain impractical at scale.16 The present study 

addresses this gap. We report a retrospective matched case-

control study conducted at the Bolan Medical Complex (BMC) 

and Sandeman Provincial Hospital (SPH), Quetta—a tertiary 

referral centre serving a predominantly young, underscreened, 

low-SES population—to quantify the independent and joint 

associations of UPF intake, antibiotic exposure, and 

inflammation markers with odds of histologically confirmed 

EOCRC, and to explore systemic inflammation as a mediator of 

the dietary association. 

METHODOLOGY:  

Study Design and Setting: We conducted a retrospective 

matched case-control study nested within the electronic health 

record (EHR) and tumour registry of the Bolan Medical 

Complex and Sandeman Provincial Hospital, Quetta, Pakistan, 

covering January 2018 to March 2026. Both institutions share a 

common oncology and gastroenterology department and a 

centralised pharmacy database. The study was reported in 

accordance with the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) checklist.17 

The protocol was pre-registered on the Open Science Framework 

prior to data extraction. 

Case Identification and Eligibility: Cases were defined as 

adults aged 18–49 years at diagnosis with histologically 

confirmed colorectal adenocarcinoma (ICD-10 codes C18.0–

C20.9), identified through the tumour registry supplemented by 

systematic pathology report review. All diagnoses were 

confirmed by a board-certified gastrointestinal pathologist. 

Exclusion criteria: (1) documented hereditary colorectal 

syndrome (Lynch syndrome, familial adenomatous polyposis, 

MUTYH-associated polyposis, Peutz–Jeghers syndrome, or 

serrated polyposis syndrome); (2) pre-existing inflammatory 

bowel disease; (3) prior colorectal cancer or adenoma diagnosis 

within 2 years; or (4) fewer than 24 months of continuous EHR 

data prior to the index date. 

Control Selection and Matching: Controls were randomly 

selected from the EHR pool of adults aged 18–49 attending BMC 

or SPH for primary care visits or who had undergone a negative 

colonoscopy between 2018 and 2026, with no CRC diagnosis. 

Identical exclusion criteria applied. Controls were matched 1:2 

to cases on sex, age (±2 years), race/ethnicity, BMI category, and 

index calendar year using a greedy nearest-neighbour algorithm 

(R package MatchIt v4.5.0). Post-matching balance was assessed 

using standardised mean differences (target SMD <0.10). 

Exposure Ascertainment: Ultra-processed food intake was 

measured via a validated 28-item NOVA-adapted food frequency 

questionnaire (FFQ) administered retrospectively, asking 
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participants to recall dietary patterns over the preceding 2–5 

years. The questionnaire was adapted from the Brazilian NHS II 

NOVA-scoring FFQ, translated into Urdu and Pashto, and 

cognitively piloted in 20 healthy volunteers. UPF intake was 

categorised into tertiles derived from the control distribution 

(low: ≤5.1; middle: 5.2–9.7; high: ≥9.8 servings/day). 

Antibiotic exposure was ascertained objectively from the 

pharmacy database. Courses dispensed between 12 months and 

10 years prior to the index date were extracted and categorised 

as none (0 courses), low (1–2 courses), or high (≥3 courses). 

Antibiotic class was further classified as narrow-spectrum, 

broad-spectrum (fluoroquinolones, third-generation 

cephalosporins, amoxicillin-clavulanate), or anti-anaerobic 

(metronidazole, clindamycin). 

Inflammation markers were retrieved from the EHR as the most 

recent pre-index value within 6–24 months prior to the index 

date. Primary variables: hsCRP (dichotomised at >3 mg/L), ESR 

(>30 mm/h), and fecal calprotectin (>200 μg/g; clinically 

ordered subset only). 

Statistical Analysis: Conditional logistic regression (R: clogit, 

survival package v3.5.7) estimated crude and adjusted odds 

ratios with 95% confidence intervals, accounting for the matched 

design. Dose-response relationships were assessed using 

restricted cubic splines (3 knots at the 10th, 50th, 90th 

percentiles; R: rms v6.7.1). Multiplicative interaction between 

UPF tertile and antibiotic exposure was tested by a cross-product 

term; additive interaction was assessed using the relative excess 

risk due to interaction (RERI) with bootstrap 95% CIs (1,000 

resamples). Mediation analysis followed the counterfactual 

framework of Valeri and VanderWeele18 (R: mediation v4.5.0). 

Sensitivity analyses included complete-case versus multiple 

imputation by chained equations (MICE; m=20; R: mice 

v3.16.0) and E-value calculation.19 All p-values were two-sided 

(α=0.05). The study was powered to detect OR ≥1.60 (control 

exposure prevalence 30%; 80% power; 1:2 matching), requiring 

≥148 cases. The enrolled sample (174 cases, 348 controls) 

provides approximately 85% power. 

Ethical Approval: Institutional Review Board approval was 

obtained from the BMC Ethics and Research Committee 

(Reference: BMC-ERC-2023-047). A waiver of informed 

consent was granted for retrospective EHR and pharmacy data; 

written consent was obtained for FFQ completion. The study 

complied with the Declaration of Helsinki (2013) and Pakistan 

National Bioethics Committee guidelines. 

RESULTS:  

Participant Flow and Baseline Characteristics: From 289 

potential cases identified in the tumour registry, 174 met all 

eligibility criteria and were matched to 348 controls (Figure 1). 

The most common reasons for exclusion were fewer than 24 

months of continuous EHR data (n=57), known or suspected 

hereditary syndrome (n=28), and incomplete pathology reports 

(n=30). Median age at diagnosis was 42.1 years (IQR 36.4–

47.3); 57.5% were male. Post-matching standardised mean 

differences for all matching variables were <0.01, confirming 

adequate covariate balance. 

Cases were significantly more likely than controls to report high 

UPF intake (50.6% vs. 26.7%; p<0.001), cumulative antibiotic 

exposure ≥3 courses (38.5% vs. 22.4%; p<0.001), elevated 

hsCRP >3 mg/L (54.6% vs. 31.3%; p<0.001), and positive 

family history of CRC (14.4% vs. 7.2%; p=0.014). Type 2 

diabetes was more prevalent in cases (22.4% vs. 14.1%; 

p=0.028), while NSAID/aspirin use was less common (10.9% vs. 

19.3%; p=0.019), consistent with the known protective effect of 

aspirin (Table 1). 
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Primary Exposure Associations: Table 2 presents crude and 

adjusted ORs. In the fully adjusted model, high UPF intake (≥9.8 

servings/day) was independently associated with 65% higher 

odds of EOCRC (aOR 1.65; 95% CI 1.21–2.26; p<0.001), with 

a significant linear dose-response across tertiles (p for trend 

<0.001). Restricted cubic spline analysis (Figure 2A) 

demonstrated a near-linear dose-response beginning at 

approximately 6 servings/day, below the median control intake 

of 6.4 servings/day, suggesting that risk accrues at relatively 

modest consumption levels. 

Cumulative antibiotic exposure ≥3 courses was independently 

associated with significantly higher odds of EOCRC (aOR 1.47; 

95% CI 1.09–1.99; p=0.012) relative to no antibiotic use. Low 

exposure (1–2 courses) was not significantly associated (aOR 

1.14; 95% CI 0.83–1.58; p=0.42), suggesting a threshold effect. 

Among antibiotic classes, broad-spectrum agents 

(fluoroquinolones, cephalosporins) conferred the highest 

adjusted OR (1.52; 95% CI 1.06–2.18). Elevated hsCRP >3 mg/L 

was associated with aOR 1.41 (95% CI 1.06–1.88; p=0.018). 

 

 

Interaction and Joint Exposure Analyses: 

Participants with both high UPF intake and ≥3 antibiotic courses 

had an adjusted OR of 2.98 (95% CI 1.72–5.17) relative to the 

low UPF/no antibiotic reference group (Table 3). The 
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multiplicative interaction term was statistically significant 

(interaction OR 1.89; 95% CI 1.06–3.36; p=0.031), and the 

RERI of 0.84 (95% CI 0.09–1.59) indicated significant additive 

interaction beyond that expected from either exposure alone, 

suggesting biological synergy—possibly through convergent 

depletion of SCFA-producing taxa by dietary emulsifiers and 

antibiotics respectively. 

 

Mediation Analysis: hsCRP >3 mg/L mediated 24.3% (95% CI 

12.1–38.6%) of the total effect of high UPF intake on EOCRC 

odds. The direct effect of high UPF, accounting for the hsCRP-

mediated component, remained statistically significant (aOR 

1.43; 95% CI 1.08–1.90), confirming that the majority of the 

dietary association operates through inflammation-independent 

pathways, which may include direct genotoxic effects of nitrites 

and heterocyclic amines, altered bile acid metabolism, or 

microbiome-mediated reductions in butyrate production. 

Subgroup and Sensitivity Analyses: Significantly stronger 

UPF–EOCRC associations were observed for distal and rectal 

tumours (aOR 1.82; 95% CI 1.24–2.67) than proximal tumours 

(aOR 1.31; 95% CI 0.89–1.94; p-heterogeneity=0.042), 

consistent with the predominantly left-sided anatomical 

predilection of the rising EOCRC incidence wave. Marked 

amplification was observed in the lowest SES quartile (aOR 

2.04; 95% CI 1.31–3.17 vs. 1.38; 95% CI 0.97–1.96 in upper 

strata; p-heterogeneity=0.038). Individuals with a low fibre-

vegetable score also showed stronger UPF associations (aOR 

1.89 vs. 1.28; p-heterogeneity=0.029). Full subgroup results and 

mediation decomposition are presented in Table 4 and Figure 3. 

The E-value for the primary UPF–EOCRC association (aOR 

1.65) was 2.74, indicating that an unmeasured confounder would 

require associations of at least 2.74-fold with both UPF exposure 

and EOCRC simultaneously to fully explain away the observed 

association. Complete-case and multiply-imputed analyses 

yielded overlapping confidence intervals. Restriction of 

antibiotic exposure to the 5-year window pre-index slightly 

attenuated but did not eliminate the high-exposure association 

(aOR 1.38; 95% CI 1.01–1.90). 
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Normal space

 

Figure 3. Forest plot of adjusted odds ratios (aORs) for high UPF 

intake (top vs. bottom tertile) across pre-specified subgroups. 

Filled squares represent point estimates (area proportional to 

inverse variance); horizontal lines indicate 95% CIs. Diamond 

indicates the overall estimate from the primary model. Dashed 

vertical line: null (OR=1.0). Statistically significant p values for 

heterogeneity (p<0.05) are highlighted in red. aOR, adjusted 

odds ratio; CI, confidence interval; SES, socioeconomic status; 

UPF, ultra-processed food. 

DISCUSSION: This retrospective matched case-control study 

provides, to our knowledge, the first evidence from a resource-

limited South Asian setting examining the joint contributions of 

UPF intake, cumulative antibiotic exposure, and systemic 

inflammation to early-onset colorectal cancer risk. Our primary 

findings—that high UPF intake, cumulative antibiotic exposure 

≥3 courses, and elevated hsCRP each independently increase 

EOCRC odds, with significant multiplicative and additive 

synergy between the first two—are internally consistent with and 

extend the emerging literature from high-income cohorts. 

The adjusted OR of 1.65 for high UPF intake falls within the 

range of effect sizes reported in the broader literature, and 

slightly exceeds the 45% adenoma risk increase reported from 

the Nurses' Health Study II in 2025.10 The higher estimate in our 

analysis may reflect the more clinically severe outcome 

measured (invasive adenocarcinoma rather than adenoma), 

differences in UPF product composition in the Pakistani 

market—notably higher trans-fat and synthetic additive content 

in informally manufactured snacks—or residual unmeasured 

confounding. The dose-response beginning at approximately 6 

servings/day suggests that risk accrues at relatively modest 

consumption levels, with important implications for dietary 

counselling thresholds in clinical practice. 

The association between cumulative antibiotic exposure and 

EOCRC (aOR 1.47 for ≥3 courses) is consistent with evidence 

from large observational studies reporting ORs of approximately 

1.3–1.5 for multiple antibiotic prescriptions versus none.12,13 

The finding that broad-spectrum agents carry slightly higher risk 

than narrow-spectrum agents aligns mechanistically with the 

broader microbiome-depleting spectrum of fluoroquinolones 

and cephalosporins. Critically, the interaction finding—that 

combined high UPF intake and ≥3 antibiotic courses yield a joint 

aOR of 2.98 with significant multiplicative and additive 

interaction—has not been previously reported, to our 

knowledge. A biologically plausible mechanism exists: dietary 

emulsifiers (polysorbate-80, carboxymethylcellulose) degrade 

the intestinal mucus layer and deplete butyrate producers such as 

Faecalibacterium prausnitzii,20 while broad-spectrum 

antibiotics independently deplete the same protective taxa. The 

convergent dysbiotic effect of both exposures may accelerate the 

transition from normal mucosa to adenoma and invasive 

carcinoma. 

The mediation analysis finding that hsCRP elevation accounts 

for approximately one-quarter of the UPF–EOCRC association 

is consistent with mechanistic evidence that dietary emulsifiers 

and advanced glycation end-products activate the NLRP3 

inflammasome and NF-κB pathway, elevating circulating 

interleukin-6 and downstream CRP.21 The substantial direct 

effect (75% of total) remaining after removing the hsCRP-

mediated component confirms that circulating inflammation 

biomarkers do not fully capture the mechanisms linking UPF to 

CRC risk; complementary pathways including genotoxic effects 

of nitrites, disrupted bile acid profiles, and reduced butyrate-

mediated colonocyte autophagy are likely contributors. 

The anatomical specificity—stronger associations for distal and 

rectal tumours (aOR 1.82) than proximal tumours (aOR 1.31)—

is consistent with international incidence data demonstrating that 

the rising EOCRC trend is predominantly driven by left-sided 

and rectal cancers, which more frequently exhibit chromosomal 

instability rather than microsatellite instability pathways.22 This 

pattern supports a luminal or microbiome-mediated mechanism, 
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given that bacterial density and fermentation are greatest in the 

distal colon and rectum. 

The amplification of the UPF–EOCRC association in the lowest 

SES quartile (aOR 2.04) warrants particular attention in the 

Pakistani context. This likely reflects the confluence of higher 

dependence on low-cost energy-dense UPF, greater informal 

antibiotic use without prescription—well documented in 

Pakistan and disproportionately affecting lower-income 

households16—and reduced access to protective factors 

including dietary fibre, regular physical activity, and aspirin use. 

These findings strengthen the case for targeting EOCRC 

prevention at socioeconomically disadvantaged young adults 

through subsidised dietary counselling, enforced antibiotic 

stewardship in the informal pharmacy sector, and risk-stratified 

earlier screening. 

Strengths and Limitations: Strengths include: objective 

ascertainment of antibiotic exposure from pharmacy records; 

histological confirmation of all case diagnoses; matching on five 

confounders; pre-registered analysis plan; mediation analysis 

quantifying the inflammatory pathway; E-value sensitivity 

analysis; and full STROBE compliance. The inclusion of both 

multiplicative and additive interaction analyses strengthens the 

synergy findings. 

Limitations include: retrospective dietary assessment with 

potential differential recall bias (cases may over-report past UPF 

intake); informative missingness of fecal calprotectin (ordered in 

only 27.2% of participants); hereditary syndrome exclusion 

based on family history rather than germline sequencing; single-

centre design limiting generalisability; cross-sectional 

ascertainment of inflammation markers (elevated CRP may 

partly reflect subclinical tumour-driven inflammation, limiting 

causal inference for mediation); and residual confounding by 

unmeasured exposures (E-value 2.74 establishes a reasonably 

high bar for such confounding to fully explain primary findings). 

 

CONCLUSIONS:  

In this retrospective matched case-control study, high ultra-

processed food intake and cumulative antibiotic exposure were 

each independently associated with early-onset colorectal cancer 

risk at a tertiary referral centre in Quetta, Pakistan, with a 

statistically significant synergistic interaction and approximately 

one-quarter of the dietary association mediated through systemic 

inflammation. If confirmed in a prospective multicentre study 

with objectively measured dietary data and gut microbiome 

profiling, these findings would provide Level 2 evidence for 

three modifiable risk factors in an underrepresented population 

with a rapidly rising EOCRC burden. Immediate translational 

implications include evidence-based dietary counselling 

thresholds for UPF in young adults, antibiotic stewardship 

policies targeting informal pharmacy dispensing in lower-

income communities, and risk-stratified screening beginning at 

age 40 for young adults with multiple identified risk factors. 
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