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Abstract: 
 

 Background:  

Diabetes mellitus is associated with increased cardiovascular morbidity, but the pattern of selected inflammatory and 

cardiac biomarkers among people with and without diabetes may vary across populations. This study compared selected 

biomarkers between participants with and without diabetes mellitus.  
 

 Methods:  

This cross-sectional comparative study included 133 clinic attendees in Gaborone, Botswana: 71 with diabetes and 62 

without diabetes. Biomarkers measured were high-sensitivity C-reactive protein (hs-CRP), creatine kinase (CK), CK-MB, 

troponin I and N-terminal pro-B-type natriuretic peptide (NT-proBNP). Continuous variables were summarised using 

medians and interquartile ranges (IQRs) and compared using Mann–Whitney U tests. Holm adjustment was applied 

across five biomarker comparisons. Adjusted associations were examined using separate log-linear regression models for 

each biomarker, controlling for age, sex, recalculated body mass index and systolic blood pressure.  

 

 Results:  

Participants with diabetes were older than those without diabetes (median 56.0 [IQR 43.5–66.0] vs 44.0 [30.5–57.0] 

years; p=0.001) and had higher systolic blood pressure (140 [134–144] vs 136 [128.25–142] mmHg; p=0.028). Median hs-

CRP was higher in the diabetes group (9.04 [2.87–18.53] vs 2.48 [1.68–6.04]; p less than 0.001; Holm-adjusted p less than 

0.001). CK, CK-MB, troponin I and NT-proBNP did not differ significantly between groups. After adjustment, hs-CRP 

remained higher in the diabetes group (adjusted geometric mean ratio 2.41, 95% confidence interval 1.56 to 3.72; Holm-

adjusted p less than 0.001); adjusted differences in the other biomarkers were not statistically significant.  

 

 Conclusion:  

In this clinic-based sample, diabetes status was associated with higher hs-CRP, consistent with greater systemic 

inflammation. The cross-sectional design and absence of a confirmed cardiovascular disease endpoint mean these findings 

do not establish cardiovascular disease or predict future cardiovascular events. 
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I. INTRODUCTION 

 
Diabetes mellitus is a major non-communicable disease 

and is associated with an increased burden of cardiovascular 

disease. International estimates have documented a 

substantial and growing number of adults living with 

diabetes, while epidemiological studies consistently identify 

diabetes as an important cardiovascular risk factor [1–3,7]. 

The mechanisms linking diabetes and cardiovascular disease 

include metabolic dysfunction, vascular injury, oxidative 

stress and chronic low-grade inflammation [4,5,7,14–18]. 

 

Biomarkers can provide complementary information 
about different biological processes. High-sensitivity C-

reactive protein (hs-CRP) is a marker of systemic 

inflammation and has been studied in relation to vascular 

dysfunction and atherosclerotic processes [8–13,19]. Cardiac 

troponins are used to identify myocardial injury, whereas 

creatine kinase (CK) and its MB fraction (CK-MB) are 

enzymes that may rise with muscle injury but are not equally 

specific for cardiac injury. N-terminal pro-B-type natriuretic 

peptide (NT-proBNP) is associated with myocardial wall 

stress and is used in the assessment of heart failure and 

related cardiac strain [6,20]. No single biomarker alone 

confirms cardiovascular disease in the absence of clinical 
assessment. 

 

Although diabetes is associated with cardiovascular 

complications, biomarker patterns can differ according to the 

population, comorbidities and clinical context. Evidence 

from African populations has also highlighted the relevance 

of inflammatory markers to vascular dysfunction among 

people with and without diabetes [19,20]. However, 

biomarker differences should be distinguished from a 

confirmed cardiovascular diagnosis or validated prediction of 

future events. 
 

This study therefore compared selected biomarkers of 

inflammation, cardiac stress and possible cardiac injury 

between participants with and without diabetes mellitus 

attending clinics in Gaborone, Botswana. The primary 

exposure was diabetes status, and the primary outcomes were 

hs-CRP, CK, CK-MB, troponin I and NT-proBNP 

concentrations. Secondary analyses examined whether 

differences in biomarker concentrations persisted after 

adjustment for age, sex, recalculated body mass index (BMI) 

and systolic blood pressure. 
 

II. MATERIALS AND METHODS 

 

 Study Design and Setting 

This was a cross-sectional comparative study conducted 

in Gaborone, Botswana, among attendees of the Gaborone 

Diabetes Clinic and the Adventist Health Services Clinic. A 

total of 133 participants were included: 71 with diabetes 

mellitus and 62 without diabetes. Participants were recruited 

using convenience sampling because of the limited number 

of eligible attendees during the study period. 

 

 Eligibility Criteria 

Individuals with or without diabetes who were able to 
understand the study procedures and provided informed 

consent were eligible. Individuals described in the original 

protocol as psychotic or lacking capacity to provide informed 

consent were excluded. The supplied dataset included 

participants aged 15–88 years. 

 

 Data Collection and Laboratory Measurements 

Sociodemographic, lifestyle and symptom information 

was collected using a structured interviewer-administered 

questionnaire. Recorded variables included age, sex, 

education, employment, residence, alcohol intake, smoking, 
physical activity/sedentary lifestyle and self-reported 

symptoms. Height, weight and blood pressure were 

measured. BMI was recalculated as weight in kilograms 

divided by height in metres squared because the BMI field in 

the supplied spreadsheet contained discrepancies with the 

recorded height and weight. The source height and weight 

measurements were not altered. 

 

Blood samples were collected in serum-separator tubes 

and transported to Diagnofirm Medical Laboratories for 

analysis. The original manuscript states that hs-CRP, CK, 

CK-MB, troponin I and NT-proBNP were measured using an 
Alinity ci analyser. D-dimer, HbA1c and sST2 were not 

included in the analyses for this study. The supplied 

spreadsheets did not contain complete unit metadata or assay-

specific reference intervals; these should be confirmed 

against the laboratory records before final submission. 

 

 Statistical Analysis 

Data were analysed using Python-based statistical 

procedures. Continuous variables were summarised as 

medians and interquartile ranges (IQRs), and between-group 

comparisons used two-sided Mann–Whitney U tests. 
Categorical variables were summarised as counts and 

percentages and compared using Pearson chi-square tests; 

Fisher’s exact test was used for sparse 2×2 comparisons. 

Holm adjustment was applied to the five primary biomarker 

comparisons to account for multiple testing. 

 

For adjusted analyses, each biomarker was modelled 

separately as the outcome after natural-log transformation. 

Linear regression models included diabetes status (with the 

diabetes group coded 1 and the non-diabetes group coded 0), 

age, sex, recalculated BMI and systolic blood pressure. 
Heteroscedasticity-consistent HC3 standard errors were used. 

Exponentiated coefficients for diabetes status are presented 

as adjusted geometric mean ratios (GMRs) with 95% 

confidence intervals (CIs). Holm adjustment was also applied 

across the five adjusted biomarker models. All hs-CRP and 

NT-proBNP observations, including extreme values 

confirmed by the study author, were retained. A p-value 

<0.05 was considered statistically significant, with 

interpretation also considering multiple-testing adjustment 

and the study design. 
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 Ethical Considerations 

Ethical approval was obtained from the Mulungushi 
University Research Ethics Committee (SMHS-MU2-2022-

48) on 12 January 2024. Additional clearances were reported 

from the Zambia National Health Research Authority on 7 

March 2024, the Botswana Ministry of Health and Wellness 

on 24 May 2024, and the Princess Marina Ethics Committee 

on 10 July 2024. The original manuscript states that 

approvals were granted for one year and that all participants 

provided written informed consent before recruitment. Data 

were de-identified for analysis. 

 

III. RESULTS 

 
 Participant Characteristics 

The analysis included 133 participants, comprising 71 

participants with diabetes and 62 without diabetes. 

Participants with diabetes were older (median 56.0 years, 

IQR 43.5–66.0) than those without diabetes (44.0 years, IQR 

30.5–57.0; p=0.001). Median recalculated BMI did not differ 

significantly between groups. Median systolic blood pressure 

was higher in the diabetes group, whereas diastolic blood 

pressure did not differ significantly. Alcohol intake and 

smoking distributions differed between groups. Detailed 

selected characteristics are shown in Table 1. 
 

Table 1 Selected Demographic, Clinical and Lifestyle Characteristics by Diabetes Status 

Characteristic Diabetes (n=71) No diabetes (n=62) p-value 

Age, years 56.00 (43.50–66.00) 44.00 (30.50–57.00) 0.001 

BMI, kg/m² (recalculated) 30.49 (27.58–33.41) 28.71 (26.70–33.40) 0.290 

Systolic blood pressure, mmHg 140.00 (134.00–144.00) 136.00 (128.25–142.00) 0.028 

Diastolic blood pressure, mmHg 90.00 (80.00–99.00) 88.00 (80.00–92.50) 0.113 

Sex, male, n (%) 39 (54.9%) 31 (50.0%) 0.570 

Employed, n (%) 57 (80.3%) 40 (64.5%) 0.041 (χ²); Fisher 0.051 

Urban residence, n (%) 49 (69.0%) 48 (77.4%) 0.276 

Alcohol intake distribution, p-value — — 0.008 

Current 19 (26.8%) 26 (41.9%)  

Former 9 (12.7%) 15 (24.2%)  

Never 43 (60.6%) 21 (33.9%)  

Smoking status distribution, p-value — — 0.006 

Current 2 (2.8%) 11 (17.7%)  

Former 14 (19.7%) 16 (25.8%)  

Never 55 (77.5%) 35 (56.5%)  

Physically active, n (%) 26 (36.6%) 30 (48.4%) 0.170 

 

Values are median (IQR) or n (%). Continuous 

variables were compared using Mann–Whitney U tests and 

categorical variables using Pearson chi-square tests. 

Employment status was borderline in a sensitivity 

comparison (Pearson χ² p=0.041; Fisher exact p=0.051). BMI 

was recalculated from recorded height and weight. 

 

 

 Biomarker Comparisons 

Median hs-CRP was higher in participants with 

diabetes than in those without diabetes (9.04, IQR 2.87–

18.53 versus 2.48, IQR 1.68–6.04; unadjusted p<0.001; 

Holm-adjusted p<0.001). There were no statistically 

significant between-group differences in CK, CK-MB, 

troponin I or NT-proBNP. The extreme hs-CRP and NT-

proBNP values were retained as provided and confirmed by 

the study author. Table 2 summarises the biomarker 
comparisons. 

 

Table 2 Biomarker Concentrations by Diabetes Status 

Biomarker Diabetes, median (IQR) No diabetes, median (IQR) p-value Holm-adjusted p 

hs-CRP 9.04 (2.87–18.53) 2.48 (1.68–6.04) <0.001 <0.001 

CK 109.00 (75.00–174.00) 99.50 (82.75–139.75) 0.660 1.000 

CK-MB 1.20 (0.70–2.40) 1.00 (0.70–2.22) 0.984 1.000 

Troponin I 1.70 (1.50–20.70) 2.35 (1.50–15.20) 0.933 1.000 

NT-proBNP 79.00 (24.00–315.50) 118.00 (66.00–146.75) 0.519 1.000 

 

Biomarker units were not consistently specified in the supplied data extract and should be verified against laboratory records 

before submission. Holm adjustment was applied to the five biomarker comparisons. 
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 Adjusted Association Between Diabetes Status and 

Biomarker Concentrations 
In adjusted log-linear models controlling for age, sex, 

recalculated BMI and systolic blood pressure, hs-CRP was 

estimated to be 2.41 times as high in the diabetes group as in 

the non-diabetes group (95% CI 1.56–3.72; p<0.001; Holm-

adjusted p<0.001). Adjusted differences in CK, CK-MB, 
troponin I and NT-proBNP were not statistically significant 

after adjustment. Results are presented in Table 3 as adjusted 

geometric mean ratios. 

 

Table 3 Adjusted Geometric Mean Ratios for Biomarker Concentrations Associated with Diabetes Status 

Biomarker outcome Adjusted GMR 95% CI p-value Holm-adjusted p 

hs-CRP 2.41 1.56–3.72 <0.001 <0.001 

CK 1.20 0.93–1.53 0.156 0.626 

CK-MB 0.78 0.47–1.29 0.334 1.000 

Troponin I 1.11 0.68–1.81 0.670 1.000 

NT-proBNP 1.15 0.72–1.84 0.554 1.000 

 

Models used natural-log-transformed biomarker 

concentrations as outcomes and included diabetes status, age, 

sex, recalculated BMI and systolic blood pressure. GMR >1 

indicates a higher adjusted geometric mean in the diabetes 

group. HC3 robust standard errors were used. 

 

IV. DISCUSSION 

 

The principal finding was a higher hs-CRP 

concentration among participants with diabetes compared 

with those without diabetes. This difference remained 

statistically significant after adjustment for age, sex, BMI and 

systolic blood pressure and after correction for multiple 

comparisons. In contrast, CK, CK-MB, troponin I and NT-

proBNP did not differ significantly between groups in the 

primary rank-based comparisons or in the adjusted models. 

The results therefore support an association between diabetes 
status and systemic inflammation in this clinic-based sample, 

but they do not demonstrate a higher prevalence of 

cardiovascular disease or establish that cardiac injury was 

present. 

 

The higher hs-CRP observed in the diabetes group is 

biologically plausible because diabetes and related metabolic 

disturbances are associated with chronic low-grade 

inflammation. Prior literature has discussed inflammatory 

pathways in atherosclerosis and diabetes-related vascular 

dysfunction [4,5,8–13,19]. Nevertheless, hs-CRP is a 

nonspecific inflammatory marker. Its elevation cannot, by 
itself, diagnose coronary artery disease or determine an 

individual’s future cardiovascular event risk. Other 

inflammatory conditions and comorbidities may also 

influence hs-CRP concentrations. 

 

The absence of statistically significant differences in 

NT-proBNP, troponin I, CK and CK-MB should be 

interpreted cautiously. NT-proBNP reflects myocardial wall 

stress rather than myocardial injury alone, and its 

concentration may be influenced by age, renal function, 

cardiac status and other clinical factors. Troponin is primarily 
interpreted in a clinical context and with assay-specific 

thresholds; a single measurement without a defined clinical 

endpoint cannot establish or exclude all forms of cardiac 

disease [6,20]. CK and CK-MB are also not fully specific to 

the heart. In this dataset, no independently confirmed 

cardiovascular diagnosis or longitudinal cardiovascular event 

was available, so the study cannot estimate cardiovascular 

disease prevalence or validate biomarker-based prediction. 

 

Participants with diabetes were older and had higher 

systolic blood pressure. Age is an established correlate of 

diabetes and cardiovascular burden, and blood pressure is 
clinically relevant to cardiovascular risk [3,7,14–18]. The 

regression models adjusted for age, sex, recalculated BMI 

and systolic blood pressure to account for selected 

differences between groups. Residual confounding remains 

possible because other factors, including renal function, lipid 

levels, glycaemic control, diabetes duration and treatment, 

were not included in the adjusted biomarker models. The 

study was not designed to establish causal pathways. 

 

The recalculation of BMI was necessary because the 

supplied BMI field was inconsistent with height and weight 
for several records, including one implausibly high recorded 

value. Recalculated BMI was used in the analysis, while 

source height and weight values were preserved. The affected 

records should be checked against the original case-report 

forms or measurement records as part of data verification. 

Biomarker units and assay-specific reference intervals should 

also be confirmed with the laboratory before the manuscript 

is submitted. 

 

 Strengths and Limitations 

Strengths include the use of a non-diabetic comparison 

group, measurement of multiple biomarkers reflecting 
different biological processes, and adjustment for selected 

demographic and clinical covariates. The analyses retained 

all reported hs-CRP and NT-proBNP values after the study 

author confirmed that the extreme values were correct; 

skewed biomarker outcomes were log-transformed for 

adjusted modelling rather than deleting observations. 

 

Several limitations should be acknowledged. The cross-

sectional design does not establish temporality or causation. 

Convenience sampling from two clinic settings may limit 

generalisability and may introduce selection differences 
between groups. The sample size was modest, particularly for 

adjusted models with several covariates. No confirmed 

cardiovascular disease diagnosis, renal function measure, 

lipid profile or longitudinal cardiovascular outcome was 

available in the analysis dataset. Biomarker units and assay-

specific reference intervals were not fully documented in the 

supplied spreadsheet. Finally, inconsistencies in the original 
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BMI field required recalculation from height and weight, and 

source measurements for affected records should be verified. 
 

V. CONCLUSION 

 

Among participants attending clinics in Gaborone, hs-

CRP concentrations were higher in participants with diabetes 

than in those without diabetes, and this difference persisted 

after adjustment for age, sex, recalculated BMI and systolic 

blood pressure. CK, CK-MB, troponin I and NT-proBNP did 

not show statistically significant between-group differences. 

These findings suggest an association between diabetes status 

and systemic inflammation in this sample, but they do not 
establish cardiovascular disease or predict future 

cardiovascular events. Larger studies with verified assay 

units, clinically confirmed cardiovascular outcomes and 

longitudinal follow-up are needed to determine the clinical 

implications of these biomarker patterns. 
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