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Introduction

Early diabetes screening is critical in sub-Saharan Africa (SSA), where the prevalence is increasing, yet a large proportion of cases remain undiagnosed. This study aimed to evaluate the performance of fasting plasma glucose (FPG) in screening diabetes and/or prediabetes compared to the 2-hour plasma glucose (2-h PG)-level in SSA.





Methods

Data from a population-based, cross-sectional diabetes screening survey involving 1550 individuals in Butajira, Ethiopia, and Enugu state, Nigeria were analyzed. Fasting plasma glucose and a 2-hour 75-g oral glucose tolerance test (OGTT) were utilized for diabetes screening. In addition, we determined and plotted the receiver operating characteristic curve for FPG against the reference standard 2-h PG to evaluate the screening tool’s sensitivity and specificity.





Results

The mean (SD) age of the study participants was 44.5 (± 16.43) years, with men comprising 50.4% of the cohort. Among 1550 individuals analyzed, 4.6% and 16.8% demonstrated diabetes and prediabetes, respectively, as identified by either FPG or 2-h PG. The agreement between FPG and 2-h PG in identifying diabetes and prediabetes was moderate, with kappa statistic of 0.56 (95% CI, 0.51 – 0.61; p<0.0001) for diabetes and 0.45 (95% CI, 0.40 – 0.50; p<0.0001) for prediabetes. FPG failed to detect 34.1% of all prediabetes and 44.4% of all diabetes cases. The sensitivity of FPG in identifying diabetes cases was 44.3% at a cut-off 126 mg/dL with a specificity of 99.3%. We identified the optimal FPG cut-off for detecting newly identified diabetes cases using 2-h PG to be 105 mg/dL associated with a sensitivity and specificity of 67.2% and 94.0%, respectively.





Conclusion

FPG was able to correctly identify 99.3% of individuals with no diabetes but a significant percentage of diabetes cases would have remained undiagnosed if only FPG had been utilized instead of the 2-h PG. The use of 2-h PG test is recommended to diagnose diabetes in older individuals, females and non-obese persons who would be missed if tested by only FPG. Lowering the cut-off value for FPG to 105 mg/dL substantially increases the identification of individuals with diabetes, thus improving the effectiveness of FPG as a screening test for type 2 diabetes.
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1 Introduction

Diabetes is an important worldwide health concern, with 830 cases (14% of the adult population aged 18 years and older) were living with diabetes (1) and 6.7 million deaths among adults in 2021 (2). Projections from the International Diabetes Federation (IDF) forecast a surge to 643 million cases by 2030. In addition, diabetes results in serious complications such as visual impairment and blindness, kidney problems, heart diseases, and cerebrovascular diseases (3).

Societal guidelines stressed the pivotal role of early detection of type 2 diabetes to ensure effective glycemic control and delay the onset of complications (4–6). Community-based screening for type 2 diabetes is important for early detection of the disease as it is asymptomatic and high rates of undiagnosed cases (7).

The American Diabetes Association (ADA) and IDF recommend FPG and the 2-hour postprandial oral glucose tolerance test (OGTT) for the diagnosis of prediabetes and diabetes (4, 8). Each method has distinct advantages and disadvantages in clinical application. Diagnosis of diabetes by FPG is preferred owing to its cost-effectiveness and convenience, particularly in identifying high risk individuals with diabetes. However, the 2-hour postprandial glucose (2-h PG) test shows superior sensitivity for identifying individuals with prediabetes and diabetes, although being less feasible in large-scale mass screening (8). As a result, 2-h PG is considered to be the gold standard in the diagnosis of diabetes (4).

According to ADA, the criteria for the diagnosis of diabetes are FPG ≥126 mg/dL and/or 2-h PG ≥200 mg/dL (using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water) and/or A1C ≥6.5% and/or a random plasma glucose ≥200 mg/dL in a person with classic symptoms of hyperglycemia or hyperglycemic complications (4). There is an ever-growing discourse underway regarding the current thresholds suggested for the diagnosis and screening of diabetes and prediabetes (9, 10). The establishment of these threshold values primarily relied on the outcomes of several studies conducted in Western populations, aiming to identify the most effective FPG and other screening tests’ cut-off values for predicting diabetes (11). Several cohort studies among Asian populations examined FPG and recommended lower cut-off values to predict diabetes (12–15). However, epidemiological studies which investigated comparative performance and cut-off values of FPG for predicting type 2 diabetes in Sub-Saharan Africa (SSA) population are scarce and it remains uncertain whether a FPG value of 126 mg/dL is adequate in screening type 2 diabetes in this region. In addition, evidence is limited in investigating those individuals whose diabetes status could be classified differently by different screening tests. Such lack of agreement may stem from measurement inconsistencies, variation with time, or screening tests measure their respective physiological processes (16). ADA, IDF and the European Association for the Study of Diabetes (EASD) also indicated that these blood-based methodologies have limitations in interpretation variabilities and missing cases related to concomitant conditions such as haemoglobinopathies and anemias (4, 8, 17). This is particularly critical in SSA, where the high prevalence of such comorbidities may contribute to missed cases or variability in interpretations of test results.

Few epidemiological investigations in SSA, especially across Ethiopia and Nigeria, have directly assessed the utility of FPG in identifying undiagnosed type 2 diabetes and prediabetes individuals. Therefore, this research aims to elucidate the screening capacity (sensitivity and specificity) and determine optimal cut-offs for FPG based on 2-h PG-detected prediabetes and diabetes. The outcomes will offer significant insights for healthcare providers, managers and policymakers involved in diabetes and prediabetes care in SSA.




2 Materials and methods



2.1 Study design and setting

The Diabetes Epidemiologists’ Network in Sub-Saharan Africa (DENSSA): represents collaborative research initiative involving the University of Dundee in United Kingdom, Addis Ababa University in Ethiopia and University of Nigeria in Nigeria. Within this framework, a community-based, cross-sectional study was conducted as a crucial facet of the project, encompassing the Butajira Rural Health Program (BRHP) in central Ethiopia and at Enugu State in Nigeria. Data was collected between November 2020 to October, 2021.




2.2 Study participants

The study participants comprised individuals from six villages in Butajira, Ethiopia and three Local Government Areas (LGAs) – Enugu North, Enugu West and Nkanu West in Enugu State, Nigeria. Utilizing a multi-stage random cluster sampling technique, a representative sample of 1000 community-based adults ≥18 years were planned to be selected from each of the two study settings. The sample of participants in each district was allocated using a probability proportional to the size technique. We utilized computer generated list from Butajira Rural Health Program (BRHP) register in Ethiopia and Enugu State in Nigeria to select households. Pregnant women, acutely ill individuals, and those taking medications including steroids, second generation antipsychotics, and protease inhibitors as well as those refused to participate were excluded from the study.




2.3 Data collection

After study participants were interviewed on the first day, they were requested to visit health centers on the subsequent day, between 7:30 a.m. and 9:00 a.m. following an overnight fast of 10–12 hours. A structured and pre-coded questionnaire administered by a trained interviewer, was used for data collection. Measurement of blood pressure (BP), heart rate, weight, height, waist, and hip circumference were conducted at the nearby health facilities. Blood samples for FPG were collected from participants who had fasted overnight for at least ten hours. Thereafter, all participants drank a standard solution of 75g of anhydrous glucose dissolved in 300ml of water. Two hours after ingesting the drink, a second venous blood sample was collected. The blood samples for glucose estimation were collected into sterilized disposable vacutainer tubes containing sodium fluoride, which were quickly centrifuged within an hour at the data collection center to separate the plasma. Blood samples were stored in cold boxes maintained at 4–8°C until transported to a laboratory on the same day as sample collection. Biochemical tests were conducted on the same day by the International Clinical Laboratories (ICL) for the Ethiopian samples and at the Chemical Pathology laboratory of the University of Nigeria Teaching Hospital for the Nigerian samples to determine blood glucose concentration.




2.4 Diagnostic criteria

The ADA’s and IDF’s diagnostic definitions were utilized to identify diabetes and pre-diabetes cases (4, 18). Plasma glucose test results were categorized as follows: impaired fasting glucose (IFG) corresponding to plasma glucose levels between 100 mg/dL and 125 mg/dL, and impaired glucose tolerance (IGT) defined as a 2-h PG ranging from 140 mg/dL and 199 mg/dL. Newly diagnosed diabetes was ascribed to a FPG level of ≥126mg/dL, 2-h PG of ≥200mg/dL or both.

Body mass index (BMI) was delineated according to the WHO criteria into: underweight (< 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obesity (≥ 30 kg/m2) (19). Waist circumference was classified as normal (≤ 94 cm for men and ≤ 80 cm for women), presenting an increased risk of cardiometabolic complications with measurements of 95–102 cm for men and 81–88 cm for women, and substantially increased risk of cardiometabolic complications if the waist circumference exceeded > 102 cm for men and > 88 cm women) (20).

Participants’ physical activity was evaluated based on adherence to WHO recommendations, categorizing individuals as either optimal (≥ 600 Metabolic Equivalent of Task (MET) minutes per week) or suboptimal (< 600 MET minutes per week) (21).




2.5 Data analysis

We utilized Stata V.17 software program (StataCorp. Stata Statistical Software: Release 17. College Station, TX: Stata Corp LP) and R version 4.3.2, (22) for data analysis. Variables with continuous outcome were reported as mean ± standard deviation (SD) or median with interquartile range (IQR). Differences in means were assessed using an independent Student’s t-test. Categorical differences were expressed in proportions and assessed using a Chi-square test. The medians of FPG and 2-h PG were compared across categorical variables utilizing the Wilcoxon rank-sum test or Kruskal-Wallis rank-test. Regression analysis was utilized to evaluate the relationship between FPG and 2-h PG.

The agreement between FPG and 2-h PG was determined using kappa statistics, accompanied by the 95% confidence interval (95% CI). We considered P < 0.05 to declare statistically significant. Receiver operating characteristic (ROC) curves were computed and plotted, with the FPG compared to the reference standard 2-h PG to ascertain its diagnostic capacity as a diabetes and prediabetes screening tool. Evaluation metrics such as sensitivity, specificity, and Youden’s Index were employed to assess the performance of FPG tests (23). Youden’s Index, a metric used to express the discriminatory capability of diagnostic tests, is derived from the formula: (sensitivity + specificity) − 1. The index ranges from −1 to 1, with a value closer to 1, indicating superior test performance.

Furthermore, the proportion of missed prediabetes by FPG and 2-h PG, as well as the proportion of missed diabetes cases by FPG, were calculated against the total number of prediabetes and diabetes cases, respectively.





3 Results



3.1 Sociodemographic and clinical information

Among the total of 1727 participants, 1550 individuals were included in the analysis following the exclusion of 30 previously diagnosed with type 2 diabetes and 147 who were not tested by either FPG or 2-h PG. The mean age of the study population was 44.5 (SD 16.4) years, with women comprising 49.6% of the analyzed cohort (Table 1).


Table 1 | Summary of sociodemographic and clinical information by country of residence, Sub-Sahara Africa, 2021.



Of the 1550 participants, 72 individuals (4.6%) were identified as having diabetes through either FPG or 2-h PG, whereas 261 individuals (16.8%) demonstrated prediabetes, and 1217 individuals (78.5%) exhibited normal glucose tolerance. Among all tested individuals, 11 (15.3%) displayed abnormalities in FPG alone (false positive results), 32 (44.4%) in 2-h PG alone (false negative results for FPG), and 29 (40.3%) in both. Of those with prediabetes, 83 (31.8%) presented with IFG, 89 (34.1%) had IGT and 89 (34.1%) with a combination of both.




3.2 Patterns of FPG and 2-h PG results

Median FPG among all participants was 83 mg/dL (IQR: 76 – 92), while the median 2-h PG level was 94 mg/dL (IQR: 77-116). Notably, men demonstrated a significantly higher median 2-h PG compared to women (97 mg/dL, IQR: 78-123 vs 91 mg/dL, IQR: 76-112; P < 0.0006) (Figure 1A). Moreover, the age group of 45-59 years exhibited the highest median FPG levels (84.5 mg/dL, IQR 79 – 95, p<0.0001), while the ≥70 age group had the highest median 2-h PG levels (102 mg/dL, IQR 81 - 139, p<0.0001) (Figure 1B).




Figure 1 | Box plots for median FPG and 2-h PG by sex (A), age category (B), body mass index (BMI) (C) and waist circumference (D). FPG, fasting plasma glucose; 2-h PG, 2-hour plasma glucose.



In addition, FPG values increased from underweight individuals to those classified as obesity (underweight 82 mg/dL, IQR 74-87; normal weight 81 mg/dL, IQR 74-89; overweight 84 mg/dL, IQR 77-92; obese 89 mg/dL, IQR 80-101; P < 0.0001; as determined by WHO BMI criteria). Likewise, 2-h PG values progressively increased from individual with underweight to obese participants (underweight 83 mg/dL, IQR 66-105; normal weight 88 mg/dL, IQR 73-108; overweight 96 mg/dL, IQR 81-117; obese 108 mg/dL, IQR 87-141; P < 0.0001; by WHO BMI criteria) (Figure 1C). Similarly, both FPG and 2hPG showed progressive elevation across low-risk to substantially increased risk groups, based on waist circumference (Figure 1D).




3.3 Concordance between FPG and 2-h PG

The regression analysis revealed a statistically significant, moderately robust positive correlation (r= 0.57, P < 0.0001) between FPG and 2-h PG. Employing regression analysis, an equivalent FPG value was derived in relation to 2-h PG (Figure 2). Both FPG and 2-h PG demonstrated a strong correlation within a linear relationship represented by FPG (mg/dL) = 57.05 + 0.28 × 2-h PG (mg/dL). Utilizing this equation, an FPG level of 113 mg/dL (6.3 mmol/L) corresponds to a 2-h PG level of 200mg/dL (11.1mmol/L).




Figure 2 | Scatter plot of hour plasma glucose (2-h PG, in mg/dL) and fasting plasma glucose (FPG in mg/dL) with a fitted regression line and 95% confidence interval (CI). The figure demonstrates the overall correlation between FPG and 2-hr PG.



The overall concordance between FPG and 2-h PG in identifying diabetes and prediabetes was moderate, with kappa statistic of 0.56 (95% CI, 0.51 – 0.61; p<0.0001) for diabetes and 0.45 (95% CI, 0.40 – 0.50; p<0.0001) for prediabetes. More specifically, the concordance between these two methods for detection of negative cases is very high with a negative predictive value (NPV) of 97.9%.

The ROC for each calculated FPG test and cut-off points to identify cases without diabetes and prediabetes is outlined in Figure 3. Table 2. The FPG test exhibited good and acceptable discriminatory power in identifying individuals with no diabetes, an overall AUC of 0.83 (95% CI: 0.76.-0.90) (Figure 3A, Table 2). The AUC for men, 0.88 (95% CI: 0.80-0.95), was higher than that for women, 0.77 (95% CI: 0.65-0.89), but this difference was statistically insignificant (P=0.142) (Table 2). Moreover, the AUC for Nigerian participants, 0.89 (95% CI: 0.83-0.95) was significantly higher than that of Ethiopian counterparts, 0.70 (95% CI: 0.53-0.86) (P-value = 0.034) (Figure 3B, Table 2).




Figure 3 | Receiver operating characteristic (ROC) curve for fasting plasma glucose (FPG) to assess the presence of undiagnosed diabetes and prediabetes. These figures show the overall AUC for diabetes (A), the AUC for diabetes in each country (B), overall AUC for prediabetes (C) and the AUC for prediabetes in each country (D).




Table 2 | Area under the curve (AUC) for fasting plasma glucose (FPG) to assess the presence of undiagnosed diabetes and prediabetes by country and sex.



Similarly, the FPG test had good performance in identifying individuals without prediabetes, with an overall AUC of 0.69 (95% CI: 0.67-0.72) (Figure 3C, Table 2). The performance of the FPG test to identify people without prediabetes revealed a significantly higher AUC among the Ethiopians, 0.77 (95% CI: 0.65-0.89), compared to the Nigerians, 0.63 (95% CI: 0.58-0.68) (Figure 3D, Table 2). Nonetheless, the performance of the FPG test to identify individuals without prediabetes was comparable between male and female participants (Table 2). These ROC curves for FPG were calculated based on the detection of diabetes by 2-h PG ≥ 200 mg/dL and prediabetes by 2-h PG ≥140 mg/dL.




3.4 FPG cut-off points for pre-diabetes and diabetes screening

Based on the ROC curve, the optimal cut point of FPG for detecting newly diagnosed diabetes by 2-h PG was determined to be 105 mg/dL, associated with a sensitivity of 67.2% and specificity of 94.0% (AUC 0.83, 95% CI: 0.76 – 0.90; NND 1.6) (Table 3). Applying this cut-off point, an additional 59 undiagnosed cases of diabetes (3.8%) among the 1550 participants could be identified.


Table 3 | Sensitivity and specificity for FPG in diagnosing diabetes and prediabetes.



Likewise, the optimal cut-off point of FPG in detecting prediabetes diagnosed by 2-h PG was determined to be 99 mg/dL, with a sensitivity of 52.2% and specificity of 90.0% (AUC 0.69, 95% CI:0.67-0.72).

When utilizing the guideline recommended cut-off 126 mg/d, the sensitivity of FPG in identifying diabetes is 44.3%, with a specificity of 99.3%. A lower FPG cut-off value 105 mg/dL revealed markedly increased sensitivity (67.2%) and high specificity (94.0%) for identifying individuals with diabetes. Furthermore, for diagnosing individuals with prediabetes, guideline recommended cut-off value for FPG, 100 mg/dL, demonstrated a sensitivity of 51.6% and specificity of 90.5%. Lowering the FPG cut-off to 90 mg/dL resulted in increased sensitivity (64.1%) and reasonable specificity (74.2%) to identify individuals with pre-diabetes (Table 3).




3.5 Prediabetes and diabetes missed by FPG and 2-h PG

Table 4 highlight the percentages of prediabetes and diabetes cases missed by either FPG or 2-h PG alone. Among the total 1550 participants tested by both FPG and 2-h PG, FPG would miss 34.1% of all prediabetes and 44.4% of all diabetes cases, whereas the corresponding percentages missed by 2-h PG were 31.8% and 15.3%, respectively.


Table 4 | Percentages of diabetes and prediabetes missed by FPG and 2-h PG.



The rates of missed prediabetes cases using FPG and 2-h PG were similar for men and women study participants. In contrast, FPG demonstrated a higher rate of missed cases of diabetes in women compared to men (p = 0.047), whereas 2-h PG presented a higher rate of missed diabetes cases in men compared to women, despite this was not statistically significant.

Moreover, the rate of missed cases of prediabetes by FPG was higher among individuals with aged 70 years and above as compared to middle-aged and young study participants (p = 0.006). The percentage of missed diabetes cases by FPG was significantly higher among non-obese participants compared to obese individuals with diabetes (p = 0.013), while the opposite trend was observed in 2-h PG. However, there was no significant difference in the rate of missed prediabetes cases by FPG and 2-h PG among obese and non-obese individuals.





4 Discussion

The performance of fasting plasma glucose (FPG) to identify undiagnosed prediabetes and diabetes cases has been investigated based on 2-hour plasma glucose (2-h PG) during an oral glucose tolerance test (OGTT)in this study. According to ADA and IDF, both FPG and 2-h PG during 75-g OGTT are equally appropriate for screening of diabetes (4, 8), but the agreement between them was moderate for identifying diabetes and prediabetes, indicating that these tests did not consistently categorize the same individuals with abnormal blood glucose. Existing evidence from western populations and this study suggests limited agreement between FPG and 2-h PG. In the National Health and Nutrition Examination Survey (NHANES) in the US, concordance between FPG and 2-h PG was limited with a kappa statistic of 0.310 (24). Nevertheless, the concordance of FPG with 2-h PG to identify non-diabetes individuals is very high with a negative predictive value (NPV) of 97.9%. In previous studies, the agreement between FPG and 2-h PG was shown to be inconsistent, implicating the call for comprehensive studies across diverse populations to improve guidelines for the diagnosis of diabetes.

Most importantly, with the current study FPG was able to correctly identify 99.3% of individuals with no diabetes as measured by the 2-h PG. Several community-based studies also reported FBP is highly specific to rule-out diabetes. In an Iranian study from diabetes screening program, the specificity of FBG was comparable to the current study reported at 95.7%, indicating its reliability in screening in the community (25). The DECODE study compared the diagnostic performance of FPG and 2-h PG in large European populations. The study found that FPG had high specificity for identifying individuals without diabetes, with a low rate of misclassification when compared to the 2-h PG (26). The ADA guidelines indicated that FPG is a reliable screening method for identifying individuals without diabetes (4). Hence, results of the current and previous studies indicate that the usefulness of FPG for screening of diabetes and prediabetes in this and other populations.

Although FPG is reported to have higher specificity and lower intra-individual coefficients of variation compared to 2-h PG (27), it was found to identify a smaller number of individuals with diabetes (28, 29). This study showed that a significant number of individuals with diabetes would have been missed if the screening relied only on FPG. Moreover, while about three-fourth (72.5%) of individuals screened to be diabetes through FPG were also detected by 2-h PG, the latter disclosed an additional 2.1% prevalence of diabetes. These findings were consistent with results from earlier studies (30–32). In addition, studies in Africa have consistently reported that the use of FPG alone identified fewer diabetes cases and IGT compared to 2-h PG (33, 34). The percentage of individuals missed by FPG in our study was similar to findings from Cape Town, South Africa, where about 44% of those with OGTT-detected diabetes missed (34). But this percentage was higher than the DECODE report (30%) in Europe (35) and much lower than the percentage recorded in France, where 71% of the diabetes diagnoses would have gone undetected if the measurement was FPG alone (30). Moreover, as indicated in the report of WHO and IDF meeting, false negative and false positive results are inevitable given that any initial screening test is not a full diagnostic test (36). The study’s findings emphasize the need for complementary tests, such as 2-h PG, to mitigate the limitations of a single screening method. By using multiple tests, healthcare providers can reduce the likelihood of missing true cases (false negatives) and improve the overall reliability of diabetes diagnosis.

As recommended by the 2019 European Society of Cardiology (ESC) guidelines on diabetes, pre-diabetes, and CVDs developed in collaboration with the European Association for the Study of Diabetes (EASD), it may be wise to implement a sequential screening framework (17). In this strategy, the FPG test serves as the initial blood glucose test. An FPG ≥105% is diagnostic for diabetes, whereas an additional 2-h PG test is recommended in individuals who did not fulfil FPG criteria but can be considered at high risk of developing diabetes. When this sequential approach would have been used in this population, about two-third of the diabetes cases would have been identified by FPG alone. Screening in this manner is less laborious with a reasonable cost and thus might be a better patient care practice by prioritizing those individuals with a genuine need for 2-h PG, thereby mitigating the risk of overdiagnosis.

Screening in an apparently healthy population with lower FPG cut-off point may enhance the early detection of individuals with IGT. The current study has determined the optimal FPG cut-off values for identifying individuals with prediabetes and diabetes. This emphasizes the need to reassess screening thresholds for identifying diabetes and prediabetes in the African populations, given their significant importance for public health. The FPG cut-off value of 126 mg/dL had a very high specificity (99.3%) for identifying diabetes cases but had a relatively lower sensitivity (47.5%). Variations in sensitivity ranging from 40% to 94% and specificity from 83% to 100% for FPG 126 mg/dL was reported in a systematic review and meta-analysis (10). Once the cut-off value was lowered furthermore it improved the sensitivity at the expense of a minor lowering of specificity. We identified an FPG level of 99 mg/dL and 105 mg/dL as the optimal cut-off values for our population in screening pre-diabetes and diabetes cases, respectively. Our finding of the optimal cut-off for FPG is consistent with the 104 mg/dL cut-off reported in a systematic review and meta-analysis for detecting diabetes (10). But our finding of optimal threshold for FPG differs from that estimated by Hoyer, et al., 2018 (37).

Studies from Asian countries have also suggested reduced threshold values for FPG in the range of 95.0–113.4 mg/dL for screening diabetes (38–40). Similar to our results for screening pre-diabetes, other studies recommended a threshold value of 100 mg/dL as a good cut-off with acceptable sensitivity and specificity (13, 40).

In this research, FPG showed a higher rate of missing diabetes cases in women compared to men. This was in line with the NHANES study in the US where there were more women with isolated 2-h PG ≥200 mg/dL, while there were more men with isolated FPG ≥126 mg/dL (24). A study by Kim et al. found that FPG had lower sensitivity for detecting diabetes in women, particularly those with a history of gestational diabetes mellitus (GDM), who often have high level of postprandial plasma glucose rather than elevated FPG levels (41). Previous researches have also reported that women have lower FPG and higher 2-h PG levels (42–44). This confirms that the SSA women face a higher risk of developing diabetes following GDM, which often goes undetected due to scares resources for screening. The combination of undetected GDM and the lower sensitivity of FPG in women creates a significant public health challenge for SSA women. Without effective screening and diagnostic tools, many women at risk of T2DM remain undiagnosed until complications arise (4).

While FPG exhibited a peak in the 45–59 age group, 2-h PG demonstrated a linear increase with advancing age. Likewise, research in other countries have also demonstrated a significant increase in both FPG and 2-h PG after OGTT with aging, as highlighted by Chia (45) and Kalyani (46). In the present study, the 2-h PG criterion was better in identifying older adult individuals with IGT than younger participants as older individuals (≥70 yrs) had higher percentages of missed IFG than the middle-aged and young individuals. The NHANES survey also reported that diabetes cases with isolated 2-h PG ≥200 mg/dL were older than the diabetes cases with isolated FPG ≥126 mg/dL (24). This may partly attribute to decreased muscle mass and reduced physical activity with aging. This underscores the significance of including post-OGTT PG levels to enhance sensitivity in identifying diabetes among older adult individuals in our population.

It is necessary to keep in mind that the importance of an early screening of IFG or IGT lies in its ability to predict diabetes in the future. In this context, while reducing the IFG threshold to 100 mg/dL enhances the predictive capacity of IFG for identifying IGT, it concurrently increases the number of false positive cases. This finding has triggered discussions on the public health merits of lowering the threshold for normal FPG (47, 48). It can be established that with an increasing threshold, the sensitivity of FPG test decreases while the specificity increases. In cases where a higher level of sensitivity is required, such as in screening for type 2 diabetes, a lower threshold may be preferable. It is important to note that establishing a diagnostic threshold for screening involves considerations of cost-effectiveness. Therefore, setting a screening threshold should not solely rely on estimated sensitivities and specificities; clinical and health-economic parameters shall also be taken into account. On the other hand, if the intention is to utilize highly specific tests for confirming a diagnosis, then higher thresholds should be considered.

The European Society of Cardiology (ESC) guidelines emphasized that while screening for diabetes is critical, it alone does not address the broader public health challenges in resource-limited settings such as SSA (17). Instead, it should be targeting cost-effective and accessible screening methods, even if they are invasive, to ensure accurate identification of at-risk individuals. More accurate diagnostic methods are in demand for individuals who do not test negative, ensuring that resources are used efficiently to tackle the growing burden of diabetes and its complications. Therefore, clinicians need to consider moving beyond reliance on Western guidelines and advocate for locally tailored screening guidelines. Specifically, practitioners in SSA are recommended to develop locally validated FPG thresholds and confirm with subsequent diagnostic tests like 2-h PG or HbA1c, particularly for individuals at high-risk or with borderline test results. Women, who are more likely to be missed by FPG, should be screened more cautiously, with additional tests considered if clinical suspicion remains significant. By adapting practices to the local context, SSA can improve diabetes detection and reduce underdiagnosis, addressing the region’s unique challenges more effectively.




5 Strength and limitation

The study employed a community-based, multi-center design on 1550 study participants from Sub-Sahara Africa. The diagnostic capacity of FPG was evaluated against the reference 2-h PG test, to our knowledge, one of the first such studies in the SSA population. Furthermore, setting the FPG cut-off level corresponding to a 2-h PG of 200 mg/dL, the gold standard for diabetes diagnosis, substantially adds to the novelty of this study in the SSA setting. Nevertheless, a single FPG or 2-h PG measurement was utilized to identify individuals with pre-diabetes or diabetes while the criteria for the diagnosis of diabetes requires repeated measurement in asymptomatic individuals. However, given the large study population, the consequences of this limitation are expected to be negligible.




6 Conclusion

FPG was able to correctly identify 99.3% of individuals with no diabetes indicating its usefulness for screening of diabetes, But, a significant percentage (44.4%) of diabetes cases would have remained undetected if only FPG had been utilized instead of the 2-h PG. The use of a lower FPG cut-off value at 105 mg/dL enhanced the detection of individuals with diabetes. Likewise, an FPG cut-off at 99 mg/d, comparable to that of ADA and IDF, can improve early detection of individuals at risk of type 2 diabetes. The use of 2-h PG test is recommended to identify older individuals, females and non-obese persons with diabetes who would be missed by measuring only FPG. In all cases implementing a sequential screening model has the potential to enhance patient care, minimize unnecessary over-diagnosis, and optimize efficient resource use.

Overall, re-evaluation of screening thresholds for FPG for the early identification of individuals with diabetes and prediabetes has pivotal public health implications. Our study emphasizes the need for a thorough and careful revision of diabetes screening guidelines tailored to demographic, clinical, and lifestyle factors influencing the screening and diagnosis of diabetes.
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computed as Youden’s index = Sensitivity + Specificity - 1. A higher value of Youden's index indicates better overall diagnostic accuracy. FPG, Fasting Plasma Glucose; LR-, negative likelihood
ratio; LR+, Positive likelihood ratio; Se, Sensitivity; Sp, Specificity.
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Country
Characteristics

Ethiopia Nigeria

Sex, women 394 (63.7) 375 (40.3) 769 (49.6)
Age (years) 40.8 £ 135 46.9 £ 17.7 445 + 164
Urban residence 354 (57.2) 431 (46.3) 785 (50.60)
BMI (kg/m?)° 233 +41 28.1%10.3 282 %87
Waist circumference (cm) 76.8 £11.0 88.7 £ 14.0 839 + 14.1
WHR® 0.86 + 0.1 - 0.86 £ 0.1
Diastolic BP (mm Hg) 78.9 £11.2 81.8 £ 13.1 80.6 + 12.5
Systolic BP (mm Hg) 119.1 + 16.7 132.1 £ 21.6 126.9 + 20.8
FPG (mg/dL) 79 (73-85) 87 (79-96) 83 (76-92)
2-h PG (mg/dL) 81 (67-98) 103 (86-129) | 94 (77-116)
IFG 27 (4.4) 145 (15.5) 172 (11.1)
IGT 27 (44) 151(16.2) 178 (11.5)
Prediabetes 40 (6.5) 221 (23.7) 261 (16.8)
New diabetes by FPG 4 (0.6) 36 (3.9) 40 (2.6)
New diabetes by 2-h PG 18 (2.9) 43 (4.6) 61 (3.9)
Overall New diabetes 18 (2.9) 54 (5.8) 72 (4.6)
Normal glucose tolerance 561 (90.6) 656 (70.5) 1217 (78.5)

Data are presented as n (%), mean + SD or median (IQR).

“Seven values were missing.

PWHR is available for the Ethiopian data only.

BMI, body mass index; FPG, fasting plasma glucose; IQR, interquartile range; 2-h PG, 2-hour
plasma glucose; SD, standard deviation; WHR, waist-to-hip ratio; IFG, impaired fasting
glucose; IGT, impaired glucose tolerance.
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Performance of fasting plasma
glucose for community-based
screening of undiagnosed diabetes
and pre-diabetes in sub-Saharan Africa





