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Abstract  

Background 

The diagnosis of gestational diabetes Mellitus (GDM) is centred on accurate 

measurement of plasma glucose obtained from an oral glucose tolerance test (OGTT). 

However, the measurement of plasma glucose is fraught by many challenges. To 

minimise ongoing in-vitro plasma glucose loss, the World Health Organisation (WHO) 

recommends that samples for plasma glucose (PG) should either be measured 

immediately after collection or collected into tubes containing a glycolytic inhibitor, then 

placed on ice slurry and separated within 30 minutes of phlebotomy. This 

recommendation is impractical is resource limited countries like South Africa. Citrate 

has been proposed as a better antiglycolytic inhibitor with some studies reporting an 

increase in GDM prevalence when these tubes are used over sodium fluoride (NaF) 

tubes. 

 

Objectives:  

To compare plasma glucose concentrations obtained from paired NaF and citrate 

buffer tubes collected at different time points during an oral glucose tolerance test 

(OGTT) following routine practice at our laboratory and according to World Health 

Organisation guideline. The second part of the study evaluated the clinical 

interpretation of plasma glucose results when using citrate buffer tubes over NaF. 

 

Methods  

A prospective observational study was conducted in two cohorts of pregnant women 

(>18 years) booked for OGTT. In cohort 1, paired NaF and citrate samples were 

analysed after delayed transport to the laboratory, representing routine practice. In 

cohort 2, samples were processed according to WHO guidelines. Plasma glucose 

levels were compared using Passing-Bablok regression and Bland Altman analysis. 

Cohen’s kappa was used to assess agreement in gestational diabetes mellitus (GDM) 

classification between tube types.   
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Results  

Fifty-eight and 51 patients were recruited for cohorts 1 and 2, respectively. Good 

correlations were observed between NaF and citrate glucose values in both cohorts 

at all three OGTT time points (Cohort 1: r = 0.941-0.992; Cohort 2: r = 0.982−0993; all 

p < 0.001). Mean percentage differences (MPD) for Cohort 1 were -8.1%, -4.9%, and 

-4.5% at fasting, 1h, and 2 h respectively. In Cohort 2, the MPDs were -2.9% (fasting), 

and -2.5% (both 1h and 2h). All MPDs exceeded the desirable allowable bias 

specification of 2.3 %. The proportion of women diagnosed with GDM was lower when 

blood samples were collected using NaF: Cohort 1 NaF identified 24.1% vs 34.4% for 

citrate tubes and in cohort 2, NaF identified 21.6% vs 25.5.%.   

 

Conclusion   

NaF was less effective at preserving glucose concentrations compared with citrate 

tubes in both cohorts, with the difference becoming more pronounced when sample 

processing was delayed. Citrate tubes preserved glucose concentrations without ice, 

suggesting that citrate inhibitor as better preservative.  Accurate GDM diagnosis 

critically depends on the choice of tube preservative.   

Keyword: Sodium fluoride; citrate tube, gestational diabetes mellitus; oral glucose 

tolerance test. 

 

 

 

 

 

 

 

 

 

 



10 
 

Introduction  

 

Globally, the prevalence of gestational diabetes mellitus (GDM) varies according to 

the diagnostic criteria used. A study by the International Diabetes Federation (IDF) 

reported a global standardized prevalence of 14% when using the International 

Association of Diabetes and Pregnancy Study group (IADPSG) criteria (1). In South 

Africa (SA), the prevalence of GDM based on universal screening and selective 

screening using the IADPSG criteria has been reported as 25% and 45.8%, 

respectively (2). 

The diagnostic cut-offs for GDM set by the World Health Organization (WHO) require 

accurate plasma glucose (PG) measurement (3,4). In SA, there is currently no 

consensus on when to screen and which diagnostic criteria to use for GDM (5). The 

society of Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA) 

guidelines has adopted the 2013 WHO, Diagnostic Criteria and Classification of 

Hyperglycaemia First detected in pregnancy guidelines (6).  

Early detection of GDM is important, as the Hyperglycaemia and Adverse Pregnancy 

outcomes (HAPO) study found that hyperglycaemia in pregnancy is associated with 

adverse foetal outcomes including increased birth weight, higher rates of caesarean 

section delivery, and increased prevalence of neonatal hyperinsulinemia and 

hyperglycaemia (7). This highlights the importance of accurate PG measurement to 

avoid misdiagnosis.  

The measurement of PG is not without challenges as it is affected by pre-analytical 

factors such as collection tube type and delayed analysis. Post-phlebotomy, PG levels 

fall due to ongoing glycolysis (8) and can decrease by up to 5-7 % per hour (9). This 

effect is pronounced in samples with raised white cell count, erythrocyte, and platelets 

(9,10). To decrease in vitro loss of glucose, the WHO recommends that samples for 

PG should either be measured immediately after collection or collected into tubes 

containing a glycolytic inhibitor, then placed on ice slurry and separated within 30 

minutes of phlebotomy (3). This recommendation is impractical in countries with 

limited resources like SA, where bedside centrifuges and ice slurry may not be 

available. The WHO recommends using collection tubes with sodium fluoride (NaF) 

preservative as a glycolytic inhibitor for PG collection (3). The drawback for is that NaF 
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inhibits enolase, an enzyme lower down the glycolytic pathway and sub-optimally 

inhibits glycolysis in the first 3−4 h (8).  

Data suggests that acidified citrate tube may be a better option for measuring PG 

concentration. Studies have demonstrated that acidification (pH below 5.9) with citrate 

buffer inhibits glycolysis through inhibition of hexokinase and phosphofructokinase-

1(PFK-1) for up to 10 h (10,11). Furthermore, studies comparing PG concentrations 

between citrate and NaF tubes show a consistent decrease in PG in NaF tubes 

compared to citrate buffer (12–14). 

De Toro-Crespo et al. found that the average glucose concentration was lower in NaF 

tubes compared to citrate tubes at all time points (p < 0.05) when both NaF and citrate 

tubes were kept at room temperature (12). A significant difference was observed at 

baseline, with a 8.6% decrease in NaF compared to citrate (12). To assess the clinical 

impact of using citrate instead of NaF, the authors applied this 8.6% correction factor 

to OGTT results that had previously been performed in their centre using NaF tubes 

only, to estimate the corresponding increase in blood glucose at 1 hour (12). This 

adjustment led to a 12.1% increase in the number of positive cases for GDM (12). 

 

A recent study by Nevraumont et al. investigated glucose stability under different pre-

analytical conditions in healthy volunteers and found that the mean bias between NaF 

and citrate (FC Mix) at time zero (centrifugation within 5 minutes) was 0.53%, which 

increased to 2.32% six hours post-centrifugation (13). When glucose stability was 

assessed following delayed centrifugation and under different storage conditions, 

plasma glucose levels were similar in NaF and citrate at baseline (13). In NaF tubes, 

plasma glucose decreased as early as 30 minutes, becoming more pronounced at 2 

hours (10.81% at room temperature and 7.6% at 4°C), after which levels stabilised 

(13). In contrast, citrate tubes showed only minimal decreases of 0.56% and 1.01% 

after 4 hours when stored at room temperature (13). For citrate, the decline remained 

minimal even after 24 hours, staying below the maximum desirable performance (13). 

Assessment of the clinical impact of using citrate over NaF, resulted in a 19.3% 

increase in GDM diagnoses at time zero compared to NaF (13). Overall, using citrate 

led to 40 additional GDM cases out of 109, representing a 150% increase in 

prevalence compared to NaF (13). 
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The guidelines proposed by Sacks et al, recommend using citrate tube as a glycolytic 

inhibitor for the measurement of plasma glucose if delayed analysis of more than 30 

minutes is anticipated (9). To our knowledge, the use of citrate as a preservative for 

PG collection has not been evaluated in South African population. The public 

laboratory service in SA predominantly uses NaF tubes for glucose preservation and 

many samples are transported from peripheral centres leading to delayed processing 

of these samples that are often not placed on ice slurry. This deviation from WHO 

guidelines could result in artificially lower glucose levels thus potentially reducing the 

diagnostic sensitivity of oral glucose tolerance test (OGTT) for GDM. 

The aim of this study was to evaluate the efficacy of sodium fluoride versus citrate 

buffer tubes in plasma glucose measurement for oral glucose tolerance testing. This 

study also sought to assess the clinical impact of using NaF tubes over citrate in 

classifying patients with GDM. 

 

Materials and Methods 

Study design 

For this prospective cross-sectional study, patients were recruited at CMJAH antenatal 

clinic and samples were analyzed at the National Health Laboratory Service (NHLS). 

This study was conducted over a period of 4 months from September 2024 to 

December 2024. 

Participants and data collection 

Pregnant women >18 years booked for an OGTT at CMJAH antenatal clinic (ANC) 

were recruited to participate into two cohorts of this study. Self-reported age was 

recorded, and gestational age was determined from ultrasound, which was extracted 

from the participants’ antenatal records. 

Inclusion criteria: 

Pregnant women, > 18 years booked to undergo an OGTT test as part of the GDM 

screening programme at CMJAH, antenatal care unit were included in this study. 
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Sample size: 

According to the the Clinical Laboratory Standards Institute (CLSI) requirements for a 

method comparison study (EP9-A3), a minimum sample size (n) of 40 is required for 

method comparison (15). To accommodate for data exclusion, 69 and 57 participants 

were recruited for Cohort 1 and Cohort 2 respectively. Participants were randomly 

selected from patients who presented for OGTT on each day of testing. 

Blood collection procedure 

For both cohorts, venous blood was collected by qualified phlebotomists after 8-10 h 

overnight fast. Participants were then allowed to ingest a glucose load of 75g 

according to standard protocol.  For both cohorts, venous blood was collected at time 

zero (fasting), 1 h and 2 h after OGTT into paired NaF tubes {4ml sodium 

fluoride/potassium oxalate 10mg/8mg (BD Vacutainer®)} and Vacuette citrate buffer 

tubes {3ml FC mix; Lot number 454513, A2312384}.  FC mix tubes contains 

citrate/citric acid buffer, sodium fluoride, sodium EDTA additives in a powdered form. 

Venipuncture was done using a vacutainer system by qualified phlebomists. Blood 

samples were collected from the antecubital vein into blood tubes to the required filling 

level.  Both tubes were inverted 10 times. To avoid cross contamination, the order of 

blood draw was NaF tube followed by citrate tubes. 

Sample handling 

For cohort 1, NaF samples were immediately placed on ice after collection at each 

time point during the OGTT test. Citrate samples were stored at room temperature. 

Samples were batched and transported to the laboratory for analysis at the end of the 

2 h test. In the laboratory, both sample types were centrifuged at 3500 rpm for 10 min 

using a Thermo Scientific centrifuge (37520 Osterode, Germany). For cohort 2, paired 

NaF and citrate PG samples were centrifuged within 15 minutes of collection at each 

time point during the OGTT test and centrifuged at 3500 rpm for 10 minutes using the 

same Hettich EBA 200 bedside centrifuge (Andreas Hettich GmbH & Co. KG, 

Tuttlingen, Germany). NaF samples were then transported on ice for analysis within 

30 minutes in line with the WHO requirements. Citrate samples were sent to the 

laboratory on room temperature after centrifugation. 
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Exclusion criteria. 

For both cohorts, patients who became unwell (vomiting, nausea and dizziness) during 

the test were excluded. Unpaired samples and NaF samples that were not placed on 

ice (cohort 1) were also excluded.  

Plasma glucose measurement 

PG analysis for all samples was performed on Roche Cobas® c502 (Roche, 

Diagnostics, Mannheim, Germany) using a hexokinase method.  Internal quality 

control was maintained using Roche diagnostics ®  PreciControl 1(lot 

number:564978) and  Precicontrol 2 (lot number 595401) quality control material with 

an intra-laboratory CV of 2.71% for the lower level (5.76 mmol/L) and 2.71% for the 

higher level (13.6 mmol/L).  

Gestational Diabetes Mellitus diagnostic cut-offs 

For this study, the classification of GDM was made using the IADPSG criteria which 

states that one or more of the following criteria must be met to make a diagnosis of 

Gestational Diabetes Mellitus (6). These include PG levels ≥5.1 mmol/L, ≥10 mmol/L, 

≥8.5 mmol/L for fasting plasma glucose, 1 h and 2 h post OGTT, respectively.  

 

Statistical analysis 

All statistical analysis was performed using MedCal statistical software, v. 23.0.0 

(Acacialaan, Ostend Belgium). Data distribution was assessed using a Shapiro Wilk 

test and considered to have normal distribution if the p-value was > 0.05. Data with 

non-Gaussian distribution is represented as median and interquartile range with 95% 

confidence intervals (CI).  Median PG at the different time points between the tubes 

was compared using the Wilcoxon test. A Passing-Bablok regression analysis was 

used to compare the PG concentrations obtained from NaF and citrate tubes for both 

cohorts at three time points. The mean difference (mean bias) between the tubes at 

different time points was assessed using a Bland Altman plot and the European 

Federation of Clinical Chemistry and Laboratory Medicine (EFLM) desirable bias 

specification of 2.3%  for glucose was used to confirm acceptability of the mean 
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difference (16).  Agreement between NaF and citrate tubes in the classification of 

participants was assessed by Cohen kappa statistics. 

Ethical consideration. 

The study was approved by the University of Witwatersrand Human Research Ethics 

committee (Clearance no. M230906) and CMJAH research committee. Written 

informed consent was obtained from all participants.  

Participant data was de-identified by assigning arbitrary numbers and saved in an 

encrypted excel spreadsheet. This excel spreadsheet was protected with a password 

that was only known to the main investigator and supervisors.  

 

Results  

Participant recruitment 

A total of 126 pregnant women presenting for an OGTT as part of a screening 

programme for GDM at CMJAH were recruited for this study (Figure 1).   For the first 

phase of the study, sixty-nine (69) participants were recruited into cohort 1 where NaF 

and citrate samples were sent to the laboratory on ice for analysis after completion of 

the two-hour OGTT test. Eleven participants were excluded from this cohort for the 

following reasons: (i) samples for NaF not placed on ice by phlebotomists as this did 

not meet sample handling requirement (n=6), (ii) patient got sick during the test (n=1) 

and (iii) sample mix-up or transcription error (n=4). Fifty-eight participants were 

included for final analysis. For the second phase of the study, a total of 57 patients 

were recruited into cohort 2 (Figure 1). Six patients were excluded due to incomplete 

results (n=5) and unwell during the test (n=1). Fifty-one patients were included for 

further analysis. The median age of the participants was 37 years (CI: 36-39). The 

mean gestational age was 29 weeks (SD ± 4.7). 
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Figure 1: Study schema showing recruitment of participants and subsequent 

stratification into the 2 cohorts. A total of 126 participants were recruited and then 

grouped into either cohort 1 (routine practice) or cohort 2 (WHO guidelines). Eleven 

and 6 participants were excluded in cohort 1 and cohort 2, respectively. 

 

 
Participants recruited 

n=126 

 

Cohort 1  

Routine practice  
n=69 

 

 

Excluded (n=11):  

Sample not on ice (6)  

Pre-analytical error (4) 

Patient unwell (1) 

 

 
Cohort 1  

n=58 

 

Cohort 2  

Immediate 
centrifugation  

n=57 

 
Excluded (n=6):  

Patient unwell (1) 
Incomplete data (5) 

 
Cohort 2  

n=51 
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Comparison of sodium fluoride and citrate tubes obtained from an OGTT test 

following routine practice in cohort 1(n=58) and following WHO guidelines in 

Cohort 2 (n=51). 

 

i). Cohort 1(n=58) 

The median age of this cohort was 36 years (CI: 34-37) with a mean gestational age 

of 30 weeks (SD ± 5.0). There was a statistically significant difference in the median 

PG between NaF and citrate tubes at all three time points during OGTT (Table 1). 

There was good correlation between NaF and citrate tubes at all three time points 

(Table 2, Figure 2-4 A). The MPD between NaF and citrate plasma glucose at fasting, 

1 h post and 2 h post OGTT was –8.1% (p<0.0001), –4.9% (p<0.0001) and –4.5 % 

(p<0.0001) respectively (Table 2, Figures 2-4 B). The observed bias at all three time 

points was outside the acceptable desirable bias of 2.3% for plasma glucose from 

EFLM.  For FPG and 2 h PG, three points were outside the limits of agreement, while 

for 1 h PG, six points were outside the limits of agreement.  

Using NaF, 24.1% (n=14/58) of the participants were classified as having GDM 

compared to 34.4% (n=20/58) when using citrate {Cohen kappa 0.75 (CI: 0.57−0.93)}. 

Overall, six patients were missed when using NaF. For FPG, nine participants who 

were classified as having GDM with citrate were misclassified when NaF was used. 

However, three of these participants were still correctly identified as having GDM 

based on their 1 h and 2h PG values. 
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Table 1: Comparison of median plasma glucose (mmol/L) at the different time points  

Cohort 1 

  

Cohort 2 

  

Parameter Median (IQR) p-Value Parameter Median (IQR) p-Value 

Fasting 

NaF 

Citrate 

  

4.4 (4.1-4.8) 

4.8 (4.5-5.3) 

  

<0.0001 

Fasting 

NaF 

Citrate 

  

4.6 (4.2-4.9) 

4.7 (4.4-5.0) 

 

<0.0001 

1 h 

NaF 

Citrate 

  

7.0 (5.7-8.3) 

7.3 (6.0-8.8) 

 

<0.0001 

1 h 

NaF 

Citrate 

  

7.1 (5.6-8.8) 

7.4 (5.8-8.9) 

 

<0.0001 

2 h 

NaF 

Citrate 

  

6.0 (5.2-7.5) 

6.3 (5.5-7.6) 

 

<0.0001 

2 h 

NaF 

Citrate 

  

6.1 (5.3-7.0) 

6.2 (5.5-7. 

 

<0.0001 

*Denotes p <0.001. Statistical significance was defined as p-value less than 0.05. 

Therefore, differences in median PG between NaF and citrate tubes were statistically 

significant at all three time points for both cohorts. Citrate tubes showed consistently 

higher median PG than NaF(0.3-0.4 mmol/L higher in cohort 1 and 0.1-0.3 higher 

mmol/L in cohort 2). 

 

Table 2: Correlation coefficient from Passing-Bablok regression analysis and mean bias from 

Bland Altman plot for Cohort 1 (n=58) and cohort 2 (n=51) 

Time  Spearman correlation co-efficient, 

p-Value 

Mean bias (95% CI), % 

p-Value 

Cohort 1 Cohort 2 Cohort 1 Cohort 2 

Fasting    

NaF vs citrate   

r=0.941* r=0.982* 

 

-8.1 (-9.0 to -7.1) * 

 

-2.9 (-3.4 to -2.4) * 

 

1 h post OGTT    

NaF vs citrate   

r=0.992* 

 

r=0.993* 

 

-4.9 (-5.9 to -3.8)* 

 

-2.5 (-3.2 to -1.8)* 

 

2 h post OGTT    

NaF vs citrate   

r=0.986* 

 

r=0.990* 

 

-4.5 (-5.3 to -3.5)* 

 

  

-2.5 (-3.2 to -1.7) * 

*Denotes p <0.001. Statistical significance was defined as p-value less than 0.05. The 

mean percentage difference between NaF and citrate tubes was consistently negative 

as also evident from the negative 95%  CI that do not include zero in both cohorts at all 

three time points. 
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A 

 

B 

Figure 2. Comparison between sodium fluoride (NaF) and citrate tubes during oral 

glucose tolerance test (OGTT) for cohort 1 following standard procedure (samples 

placed on ice and analysed after completion of OGTT). (A) Passing Bablok linear 

regression at fasting. (B) Bland Altman plot (% difference) for NaF vs citrate at 

fasting. 
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A  

 

B  

Figure 3. Comparison between sodium fluoride (NaF) and citrate tubes during oral 

glucose tolerance test (OGTT) for cohort 1 following standard procedure (samples 

placed on ice and analysed after completion of OGTT) (A) Passing Bablok linear 

regression at 1h. (B) Bland Altman plot for NaF vs citrate at 1h. 
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A 

 

B 

Figure 4. Comparison between sodium fluoride (NaF) and citrate tubes during oral 

glucose tolerance test (OGTT) for cohort 1 following standard procedure (samples 

placed on ice and analysed after completion of OGTT). (A) Passing Bablok linear 

regression at 2h. (B) Bland Altman plot for NaF vs citrate at 2h.  
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ii) Cohort 2 (n=51) 

The median age of the participants was 37 years (CI: 36-39). The mean gestational 

age was 29 weeks (SD ± 4.7). The median PG concentration at the three time points 

was lower in NaF compared to citrate tubes, p<0.0001 (Table 1). The regression 

analysis parameters in Table 2 shows that there was good correlation between NaF 

and citrate at all time points during the OGTT test. The MPD between NaF and citrate 

was –2.9% for FPG. For both 1 h and 2-h PG the MPD was -2.5% (Figure 5-7). For 

FPG  and 1 h plasma glucose, three points were outside the limits of agreement, while 

for 2 h PG, 2 points were outside the limits of agreement. 

Using NaF, 21.6% (n=11/51) of the participants were classified as having GDM 

compared to 25.5%  (n=14/51) when using citrate {Cohen kappa 0.89 (CI: 0.57−0.93)}. 

Overall, NaF failed to identify three participants who were classified as having GDM 

with citrate, with two of these cases missed based on FPG. 
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A 

 

B 

Figure 5. Comparison between sodium fluoride (NaF) and citrate tubes during oral glucose 

tolerance test (OGTT) for cohort 2 for WHO protocol. (A) Passing Bablok linear regression at 

fasting. (B) Bland Altman plot for NaF vs citrate at fasting.  
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A 

 

B 

Figure 6. Comparison between sodium fluoride (NaF) and citrate tubes during oral 

glucose tolerance test (OGTT) for cohort 2 for WHO protocol. (A) Passing Bablok 

linear regression at 1h. (B) Bland Altman plot for NaF vs citrate at 1h. 
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A 

 

B 

Figure 7. Comparison between sodium fluoride (NaF) and citrate tubes during oral 

glucose tolerance test (OGTT) for cohort 2 for WHO protocol. (A) Passing Bablok 

linear regression at 2h. (B) Bland Altman plot for NaF vs citrate at 2h.  
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Discussion  

Our study compared NaF and citrate tubes in patients undergoing OGTT for the 

assessment of GDM in two cohorts following standard protocol and WHO guidelines.  

The correlation coefficient from Passing-Bablock analysis that ranged from 0.941-

0.993 at all three time points (both cohorts combined) demonstrates strong correlation 

between the 2 tubes. The median PG concentration was lower in NaF compared to 

citrate at all time points during the OGTT test and these differences were statistically 

significant. Guidelines recommend that samples for PG measurement should be 

placed on ice slurry and analyzed within 30 minutes, a recommendation that is often 

impractical in resource-limited settings. In cohort 1 which reflects our routine practice, 

lower concentrations in NaF were expected as NaF does not inhibit glycolysis 

immediately. Similarly, Gambino et al. compared both NaF and citrate tubes to a 

heparinized plasma as a reference, the mean PG concentration decreased by 0.3% 

(p=0.33) at 2 h and 1.2% (p=0.05) at 24 h in citrate tubes whereas in NaF the mean 

plasma glucose decreased by 4.5% (p<0.0001) at 2 h and 7% (p<0.001) at 24 h in 

room temperature (10). Another study by Gupta et al. compared PG concentration in 

paired NaF and citrate tubes at time 0, 1 h and 2 h post centrifugation also reported 

statistically significant differences (p<0.0001) in median PG obtained between these 

two tubes with the difference ranging from 0.34 mmol/L at time zero to 0.41 mmol/L at 

2 h (17). 

Interestingly, in our study, lower PG concentrations in NaF tubes compared to citrate 

tubes were also observed in cohort 2 despite immediate centrifugation, reflecting that 

NaF does not work immediately. The difference in median PG between NaF and citrate  

in this cohort ranged from 0.1-0.3 mmol/L(Table 1). However, it was smaller compared 

to the one observed in Cohort 1(Table 1). Similarly, Gupta et al, also reported a 

statistically significant mean difference in plasma glucose at time fasting and 30 

minutes in paired NaF and citrate samples that were centrifuged within 3 minutes of 

phlebotomy (17). 

There was a negative bias in the mean PG between NaF and citrate at all three time 

points in both cohorts. Furthermore, the MPD in PG observed in both cohorts was 

outside the allowable bias limits of 2.3% stipulated by EFLM (16), showing that the 

difference between the two tubes is clinically significant. Interestingly, the observed 

bias occurred in a time dependent manner with fasting samples being the most 
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affected: Fasting (-8.1%), 1 h (-4.9%) and 2 h (-4.5%). These results can be explained 

by the fact that samples for this cohort were batched during the OGTT test and 

transported to the laboratory for analysis at the end of the 2 h test. Consequently, FPG 

samples experienced the longest pre-analytical delay. A similar study looked at the 

impact of using NaF and citrate as antiglycolytic inhibitors found that the mean PG 

differences between paired NaF and citrate tubes was significant at time 0 (0.16 

mmol/L, p<0.0001), 2 hours (0.40 mmol/L, p<0.0001) and 3 hours (0.45 mmol/L, 

p<0.001) pre-centrifugation (18). Notably, the greatest mean difference in PG (0.45 

mmol/L,7%) was observed with the tubes that had the longest delay to centrifugation. 

Another important finding from this study was that PG levels remained stable in citrate 

tubes until 3 hours, suggesting that citrate tubes can conserve glucose concentration 

in cases of delayed centrifugation. Similarly, in cohort 2, a negative bias in PG between 

NaF and citrate tubes was evident even with centrifugation within 15 minutes of 

phlebotomy. Although a negative bias was observed when following WHO guidelines, 

it was substantially smaller than the bias observed when standard guidelines were 

applied. The difference in PG between NaF and citrate tube with immediate 

centrifugation has also been reported in other studies (10,18). This highlights that even 

with immediate centrifugation of PG, citrate is still a better antiglycolytic inhibitor than 

NaF.  

 

Overall, the diagnostic impact of the ineffectiveness of NaF as an antiglycolytic 

inhibitor can be seen in cohort 1 where NaF tubes classified only 24.1% of the patients 

as GDM compared to 34.4% identified using citrate tubes. For FPG, NaF misclassified 

nine participants identied as GDM by citrate. Three of these were subsequently 

correctly classified using the 1h and 2h PG measurements, leaving six patients missed 

in total.The findings of increased discordance at fasting are similar to those described 

by Nevraumount et al., who demonstrated higher discordant cases at fasting (19,3%) 

with lower discordance at 1h (1,8%) and 2 h (5.5%) (13). The higher discordance 

between NaF and citrate for FPG in cohort 1 could reflect the impact of delayed 

analysis as samples were batched and only centrifuged after the OGTT test was done.   

 

In cohort 2, the discordance in classification of GDM between the tubes persisted 

despite following WHO recommendations, suggesting that using citrate tube may 
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identify more cases of GDM. Three patients were missed by NaF overall with two 

participants missed by FPG. These findings could reflect the effect of immediate 

centrifugation.  

To our knowledge this is the first study in our setting to directly compare NaF and 

citrate tubes for collection of PG samples. A key strength of our study is that patients 

were recruited from a high-risk tertiary center ANC clinic where the prevalence of GDM 

is expected to be higher, illustrating the relevance of the findings of this study.  

 

Limitations 

The limitation of this study is that it was a single center study, therefore, further studies 

are needed to validate our findings. An additional limitation is that phlebotomy was 

performed by three different phlebotomists. However, the blood collection procedure 

was standardized. In addition, the two cohorts studied were not matched and as such 

cannot be compared. All the PG samples required to address the study question, as 

outlined in our protocol, could not be obtained from the same cohort due to the large 

total blood volume that would need to be collected from each participant. The biggest 

limitation of this study is the prevalence of GDM was not considered in the assessment 

of the clinical impact of using citrate over NaF. 

 

Conclusion 

Our study shows that citrate tubes are a better choice to inhibit glycolysis in plasma 

glucose samples. Furthermore, citrate tubes maintained glucose levels without being 

placed on ice, confirming their practical use in settings where bedside centrifuge and 

ice slurry are not available. Importantly, our findings show that some patients may be 

misclassified when using NaF tubes under routine conditions, while citrate tubes were 

able to correctly identify these additional GDM cases.  

Although citrate-buffered tubes showed superior efficiency in preserving plasma 

glucose, the differences in glucose concentrations compared with sodium fluoride 

tubes were not clinically significant when WHO guidelines were applied. Nonetheless, 

the observation that NaF tubes led to missed GDM diagnosis is important. 

Further research is needed to assess glucose stability in NaF vs citrate tubes under 

various storage conditions, including both tubes placed on ice slurry.   
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2. INTRODUCTION 

The global prevalence of gestational diabetes mellitus (GDM) varies according to the 

diagnostic criteria used. A recent study by the International Diabetes Federation (IDF) 

reported a global standardized prevalence of 14% when using the International 

Association of Diabetes in Pregnancy Study group (IADGPSG) criteria (1). In South 

Africa (SA), the prevalence of GDM based on universal screening and selective 

screening using the IADGPSG criteria has been reported as 25% and 45.8%, 

respectively (2). 

The diagnostic cut-offs for diabetes mellitus (including classification of other glucose 

tolerance categories) and GDM set by the World Health Organization (WHO) require 

accurate plasma glucose (PG) measurement (3)(4). It is a known limitation that these 

cut-offs were derived from epidemiological studies (3). In South Africa there is 

currently no consensus on when to screen and which diagnostic criteria to use for 

GDM (5). The Society of Endocrinology, Metabolism and Diabetes of South Africa 

guidelines (SEMDSA) has however, adopted the diagnostic criteria from the 

consensus panel (6). The SEMDSA guidelines recommend that screening should be 

done for patients at high risk for  GDM using a 75g 2hour oral glucose tolerance test 

(OGTT) on the first visit (6). Subsequent testing is done at 24-28 weeks if the initial 

test was normal (6). 

Early detection or diagnosis of GDM is important, as the Hyperglycaemia and 

Pregnancy Outcomes (HAPO) study showed that hyperglycaemia in pregnancy is 

associated with adverse foetal outcomes (7). This highlights the importance of 

accurate glucose measurement to avoid misclassification of patients with 

hyperglycaemia which has dire clinical consequences. However, the measurement of 

plasma glucose is not without challenges. 
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The plasma glucose (PG) concentration can be affected by pre-analytical factors such 

as the collection tubes and delayed analysis which can yield inaccurate PG results if 

these factors are not controlled. Glucose levels fall after phlebotomy due to ongoing 

in vitro glycolysis if plasma is not separated immediately from the cells (8). It is reported 

that glucose levels may be lowered by up  to 5%-7% per hour because of in vitro 

glycolysis (9). This effect is more pronounced in samples with raised white cell count, 

erythrocyte, and platelets (9)(10). To mitigate the effect of this in vitro loss of glucose, 

the WHO recommends that samples intended for plasma glucose measurement be 

immediately centrifuged after collection or collected into glycolytic inhibitor tubes and 

placed on ice water slurry and to be separated within 30 minutes of phlebotomy (3).  

However, the recommendations on sample collection may be impractical for daily 

clinical practice in resource limited countries such as SA where bedside centrifuges 

and ice slurry are not always available. The WHO further recommends using collection 

tubes with the sodium fluoride (NaF) preservative as a glycolytic inhibitor for PG 

collection (3). NaF inhibits enolase, an enzyme lower down the glycolytic pathway (8). 

However, NaF has been shown to sub-optimally inhibit glycolysis in the first 3-4 hours 

(8).  

It is suggested that collection tubes containing citrate may be a better option for 

measuring PG concentration. Studies have demonstrated that acidification (pH below 

5.9) in the citrate containing tubes more effectively inhibit glycolysis. The mechanism 

involves the inhibition of the glycolytic enzymes hexokinase and phosphofructokinase-

1(PFK-1), the enzymes in the first part of the glycolytic pathway (10)(11). It is also 

worth noting that PFK-1 is a rate limiting enzyme in glycolysis.  Preservation of PG 

samples with citrate has been reported to inhibit glycolysis up to 10 hours (10). 

Furthermore, studies comparing glucose results from citrate and  NaF tubes continue 
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to show lower glucose levels from NaF compared to citrate tubes (12)(13)(14).  As a 

result, guidelines by Sacks et al, recommend using citrate tubes for the measurement 

of plasma glucose if delayed analysis of more than 30 minutes is anticipated (9). 

To our knowledge, the effect of using citrate as a preservative for PG collection has 

not been evaluated in South Africa. In context, our laboratory receives PG samples 

from surrounding centres which often result in delayed separation of these samples 

which are not always placed on ice slurry. Therefore, we are not adhering to the 

standards set by the WHO. The impact of this delay in PG sample separation which is 

a deviation from the guideline could result in lower glucose levels thus potentially 

reducing the diagnostic sensitivity. 

The overall goal of this study is to investigate the effectiveness of citrate as an anti-

glycolytic agent by comparing the plasma glucose results obtained from sodium 

fluoride/potassium oxalate (NaF) and citrate/citric acid buffer, sodium fluoride, sodium 

EDTA (citrate) from Greiner-Bio one (VACUATTE® FC Mix) collected as part of an 

oral glucose tolerance test conducted at a tertiary hospital antenatal care unit. We 

hypothesize that there is a negative bias in the PG concentration measured from NaF 

compared to citrate tubes which could result in some of the patients with GDM being 

incorrectly misdiagnosed. This study therefore seeks to improve the pre-analytical 

variation in PG concentration which may be caused by the choice of anti-glycolytic 

agent. 
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3. STUDY AIM 

The aim of this study is to compare the plasma glucose concentrations obtained from 

NaF (sodium fluoride/potassium oxalate) and citrate buffer tubes (citrate/citric acid 

buffer, sodium fluoride, sodium EDTA) from oral glucose tolerance test (OGTT) 

samples collected at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), 

antenatal care clinic. 

OBJECTIVES 

i) To compare the plasma glucose results from paired sodium fluoride/potassium 

oxalate (NaF) and citrate/citric acid buffer, sodium fluoride, sodium EDTA (Citrate 

buffer) tubes taken at different time points during an OGTT test as per the routine 

practice at CMJAH. 

ii) To compare the plasma glucose results from paired sodium fluoride/potassium 

oxalate (NaF) and citrate/citric acid buffer, sodium fluoride, sodium EFTA (Citrate 

buffer) tubes taken at different time points during an OGTT test according to the WHO 

guidelines. 

iii) To assess the clinical interpretation of PG results when Citrate buffer and NaF tubes 

are used. 

4. METHOD 

 Study design: 

This will be a prospective cross-sectional study. Pregnant women booked for an OGTT 

as part of screening for GDM will be recruited at Charlotte Maxeke Johannesburg 

Hospital, Antenatal Care Unit. During an OGTT, plasma glucose will be collected into 
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two tubes (NaF and Citrate buffer) at the three time points for comparison. This study 

will be two pronged and will consist of two cohorts as follows: 

 Cohort 1: Plasma glucose samples for this group will be collected at fasting, 1-hour 

post OGTT and 2-hour post OGTT. All PG samples will then be transported to the 

laboratory at the end of the 2hour test as this is common practice. 

2. Cohort 2: For both sample tube types, PG samples for this group will be immediately 

centrifuged after venupure using a bed side centrifuge. NaF samples will then be 

transported on ice for analysis within 30 minutes in line with the WHO requirements. 

Citrate samples will be sent to the laboratory on room temperature after centrifugation. 

Plasma glucose samples for this study will be collected from participants in addition to 

the samples for the OGTT requested by the clinician. Therefore, this study does not 

impose any additional risk to the patients.  

Setting: The study will be conducted at CMJAH, Antenatal care unit. Samples will be 

analysed at National Health Laboratory Service (NHLS) Chemistry Department at 

CMJAH. This laboratory is accredited by South African National Accreditation System 

(SANAS) and analyses plasma glucose from CMJAH and surrounding centres. 

Participants: Consecutive pregnant women between the gestational age 24-28 weeks 

booked for an OGTT test at CMJAH, ANC unit will be recruited. The choice to enroll 

these participants is based on preliminary data from our laboratory that shows that a 

bulk of plasma glucose levels is from CMJAH ANC clinic. In addition, this population 

will help us meet one of our objectives which is to assess if the choice of PG collection 

tube changes the clinical interpretation of GDM (Please see objective iii). 
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Sample size: 

According to the Clinical Laboratory Standards Institute (CLIA) requirements for 

method comparison study {EP9-A3}, a minimum sample size number (n) of 40 is 

required for method comparison (15). To accommodate for any data exclusion as 

stated in exclusion criteria below, 45 samples for Cohort 1 and Cohort 2 respectively, 

will be used. Therefore, a total (Cohort 1 and Cohort 2) of 90 samples will be targeted. 

Inclusion criteria: 

Pregnant women booked to undergo an OGTT test as part of the GDM screening 

programme at CMJAH, antenatal care unit.  

Exclusion criteria: 

• Non-pregnant females. 

• Haemolysed samples: H index >1000. 

• Samples with lipaemic index >60. 

• Unpaired NaF or Citrate buffer PG results. 

Measurements:  

Blood collection tubes: 

i) NaF : 4ml sodium fluoride /potassium oxalate, FX 10mg/8mg (BD Vacutainer®). 

ii) Citrate buffer: 3ml Vacuette ® FC Mix tube (Greiner Bio-One) containing 

Citrate/citric acid buffer, sodium fluoride, sodium EDTA additives in a powdered form. 

Plasma glucose collection procedure: 

• Participants will undergo an OGTT test as per institutional protocol. 
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• Venous plasma glucose samples will be collected by a qualified phlebotomist 

using a standard venipuncture procedure. 

• For each patient, samples will be collected in three pairs of NaF and Citrate 

buffer tubes at three time points during an OGTT test.  

• The order of blood draw will be NaF tube followed by citrate buffer tube as 

outlined in Table 1 and Table 2.  

• The PG samples for each cohort will be collected as outlined in Table 1 and 

Table 2 below. 

• The citrate buffer tubes will be inverted 10 times following blood collection 

according to the manufacturer’s instructions. This is to allow the powder 

additives to dissolve.  

Table 1: Plasma glucose collection procedure for cohort 1. 

For this cohort, all samples will be sent to the laboratory at the end of the 2-hour 

OGGTT which is routine practice. All NaF samples will be transported to the laboratory 

on ice and citrate buffer samples will be transported at room temperature. 

Table 2: Plasma glucose collection procedure for cohort 2. 

Time Tubes and order of blood draw. 
Fasting Sample 1: NaF-fasting glucose. 

Sample 2: Citrate buffer-fasting glucose. 
1-hour post load 
  

Sample 1:NaF-glucose 60 minutes. 
Sample2: Citrate buffer -glucose at 60 minutes. 

2-hour post load 
  

Sample 1:NaF-glucose 120 minute. 
Sample2:Citrate buffer- glucose at 120 minutes. 

Time Tubes and order of blood draw. 
Fasting 
  

Sample 1: NaF-fasting glucose. 
Sample 2: Citrate buffer-fasting glucose. 
Centrifuge immediately. 

1-hour post load 
  

Sample 1: NaF-glucose 60 minutes. 
Sample 2: Citrate buffer-glucose at 60 minutes. 
Centrifuge immediately. 
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• All samples will be immediately centrifuged using a bedside centrifuge. NaF 

samples will be transported to the laboratory on ice while citrate samples will 

be transported at room temperature. 

Plasma glucose analysis 

PG analysis for all samples will be performed on the Roche CobasÒ c702 analyser 

using a Roche hexokinase method according to the manufacturer’s instructions 

(Roche Diagnostics). 

Gestational Diabetes Mellitus diagnosis cut-offs 

Using the IADPSG criteria which is adopted by the SEMDSA guidelines, GDM will be 

diagnosed if one or more of the following criteria is met:  

I) Fasting plasma glucose  : ≥5.1 mmol/L. 

ii) One-hour post 75g glucose load: ≥10 mmol/L. 

iii) Two hours post 75g load  : ≥8.5 mmol/L.  

5. DATA ANALYSIS 

All data will be analysed using the MedCalc version 19.26 statistical software. Data 

distribution will be determined using the Shapiro Wilk test. The mean (± standard 

deviation) or median (interquartile range) PG concentration at the three time points 

(fasting, 1 hour post glucose load and 2 hours post glucose load) will be determined 

for both the NaF and citrate buffer tubes. For parametric data, the mean PG (±SD) 

difference between the NaF and citrate buffer tubes at the three time points will be 

calculated and the Student’s t-test will be used to determine if the means are 

2-hour post load 
  

Sample 1: NaF-glucose 120 minute. 
Sample 2: Citrate buffer-glucose at 120 minutes. 
Centrifuge immediately. 
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statistically different. The Mann–Whitney U test will be used to compare median 

differences in non-parametric data. 

Comparison of the PG results obtained from NaF and citrate buffer tubes will be done 

using a Passing Bablock Regression analysis for nonparametric data and a Deming 

regression for parametric data by assessment of a regression co-efficient.  The 

comparative method (NaF) will be plotted on the X-axis and candidate method, citrate 

buffer on the Y-axis.  

A Bland-Altman plot will then be used to assess the difference (bias) in mean PG 

concentrations between the NaF and citrate buffer tubes at the three time points 

(fasting, 1-hour and 2-hour post OGTT). The bias (%) obtained will be compared with 

the allowable bias (desirable) for plasma glucose of 2.4% as stipulated by the 

European Federation of Laboratory Medicine (16). 

To assess the clinical interpretation of PG results when citrate and NaF tubes are 

used, a McNemar test and Cohen Kappa will be used to investigate differences in the 

classification of patients and if the clinical interpretation changes when one tube is 

used over the other. A p-value of <0.05 will be considered statistically significant.  

 

6. ETHICS 

Written informed consent will be obtained from the study participants. Participants will 

also be provided with the study information sheet. 

Permission to conduct this study will be sought from the University of Witwatersrand 

Human Research Ethics Committee (HREC), Chemical Pathology Head of 

Department, National Health Laboratory Services Academic Affairs and Research 
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Management System (AARMS) and Charlotte Maxeke Johannesburg Academic 

Hospital Chief Executive Officer. 

Participant data will be de-identified by assigning arbitrary numbers and saved in an 

encrypted excel spreadsheet using the Research Electronic Data Capture (REDCap) 

data management tool for the duration of the study. This spreadsheet will only be 

accessed by authorized researchers. All patient data will be censored. 

7. TIMING 

Table 2: Proposed study timeline. 

 June-
July 
2023 

Aug 
2023 

Sep 2023  Oct-Dec 
2023 

Jan  
2024 

Feb-
April 
2024 

May-
June 
2024 

Literature review               

Preparing protocol               

Protocol assessment               

Ethics application               

Collecting data               

Data Analysis               

Writing up-thesis               

Writing up-paper              

 

7. FUNDING 

• Plasma glucose reagent kits will be supplied by Roche Diagnostics Pty Ltd. 

• Funding for citrate tubes will not be required as these tubes were obtained from 

the supervisor’s previous project. 
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• Costing. 

Table 3: Costing for the plasma glucose analysis as per National Health 
Laboratory Services pricing list and Journal article publication. 

Item Unit cost Quantity Subtotal 
Plasma glucose R60.65 270* R16 375.50 
Journal publication R20 000 1 R 20 000 

Total cost - - R36375.50 
• *90 participants; 3 glucose tests per participant.   

 

9. LIMITATION 

This is a single centre study that will be conducted in only one antenatal care unit 

therefore, further studies conducted at different units will be required to validate our 

findings. 

The two cohorts will be made up of different participants and as such they cannot be 

compared. All the plasma glucose samples needed to answer the question from this 

study that are mentioned in this protocol cannot be taken from the same cohort as a 

result of large blood sample volume that would be required from each patient.   
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Figure 1: Flow chart outlining study schema. 

*OGTT: Oral Glucose Tolerance test 
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Introduction 

I am Dr P.N Mtetwa, employed by National Health Laboratory Services (NHLS) and 
currently enrolled at University of Witwatersrand. I would like to invite you to participate 
in our study which is part of a Masters research project. The study is titled “Comparison 
of oral glucose tolerance test plasma glucose concentrations from sodium fluoride and 
citrate buffer tubes. Does preservation with citrate make a difference?” 

The information below gives more information on why the study is being done and how 
you will be involved. Your participation will be greatly appreciated. 

 PURPOSE OF THE STUDY 

To investigate which tube (Grey/Pink) gives better blood glucose results, with the hope 
to improve the diagnosis of diabetes in pregnancy.  

 PROCEDURE 

In addition to the glucose samples requested by your clinician, blood for glucose will 
be collected into extra tubes (10 ml or two teaspoons) to compare the glucose results. 
Blood samples will be collected by a trained phlebotomist. The duration of your 
pregnancy will be obtained from your medical record. 

RISKS AND BENEFITS 

No risks will be incurred from this procedure. Only mild discomfort associated with 
needle stick prick will be experienced during the procedure. 

There will be no financial benefit for participating in this study. The results of this study 
will help us better understand which tube is suitable for better glucose measurement. 

CONFIDENTIALITY 

No identifying information will be used. Your glucose results obtained from the study 
and information extracted from your medical file will be anonymous. Only the results 
from the test requested by your doctor will be available to your doctor. 

Data that may be reported in scientific or medical journals and MMED research report 
will not include any information that identifies you as a participant in this study. 

PARTICIPANTS RIGHTS 

The choice to participate in this study is voluntary. You may withdraw at any stage 
during the study and this will have any effect on your medical care. 

 REIMBURSEMENT 

There will be no financial gain for participating in this study. 

 ETHICS APPROVAL 

Permission to conduct this study was obtained from the University of Witwatersrand 
Human Research Ethics Committee (HREC), Chemical Pathology Head of 
Department, National Health Laboratory Services Academic Affairs and Research 
Management System (AARMS) and Charlotte Maxeke Johannesburg Academic 
Hospital Chief Executive Officer. 



ADDITONAL INFORMAL. 

Should you require more information about the study or have complaints, please use 
the following contact details: 

1. Dr Ngithule Precious Mtetwa 

Contact number           :0795443982. 

Email address           : 308838@students.wits.ac.za. 

 2. Ms. Z Ndlovu or Mr Rhulani Mkansi 

Office number  : 011 717 2700/1234 

Email address  :Zanele.Ndlovu@wits.ac.za or Rhulani.Mkansi@wits.ac.za 

 



 Participant number:                                                                                                                     

 

 

 
 
Informed consent 
STUDY TITLE: Comparison of oral glucose tolerance test plasma glucose 

concentrations from sodium fluoride and citrate buffer tubes. Does preservation with 

citrate make a difference? 

INFORMED CONSENT 
I confirm that Dr P.N Mtetwa has provided sufficient information about this study and 

has answered clarity seeking questions in the language that I understand. I have 

also been provided with the participant study information brochure provided. 

I understand that: 

 

• My participation is completely voluntary and that I can withdraw at any stage. 

• My participation/withdrawal from the study will not impact my medical care. 

• I will not be paid to participate. 

• There are no risks associated with participating in this study. 

• Personal information obtained will be strictly confidential. 

• The findings of this study will not be directly communicated to me. 

 

1. Participant’s initials   :       

 

 

 Participant’s signature/thumb print :       

 Date      :       

 

2. Witness signature/Thumb print  :       

   Date      :       

 



 
 

CHARLOTTE MAXEKE JOHANNESBURG 
 ACADEMIC HOSPITAL  

 
  

    Enquiries: Ms N. Mzila     
    Email: Nolwazi.Mzila@gauteng.gov.za  

 Tel: 011 488 3365 

 Ref: 1/7/2 

     Date: 20 May 2024 

 

 
GP_ 202309-023 
 
Dear Dr Precious Ngithule Mtetwa 
 
 
RE: FINAL APPROVAL OF STUDY 
 
TITLE: Comparison of oral glucose tolerance test plasma glucose concentrations 
from sodium fluoride and citrate buffer tubes. Does preservation with citrate 
make a difference? 
 
Permission is granted for you to conduct the above-mentioned study as described in your 
request provided: 
 

1. Charlotte Maxeke Johannesburg Academic Hospital will not in any way incur or inherit 
costs as a result of the said study. 

2. Your study shall not disrupt services at the study sites. 
3. Strict confidentiality shall always be observed. 
4. Informed consent shall be solicited from patients participating in your study. 

 
Please liaise with the HOD and Unit Manager or Sister in charge to agree on the dates and 
time that would suit all parties.  
 
Kindly forward this office with the results of your study on completion of the research. 
  
Supported / Not Supported 
 
 
 ______________________ 
 Dr P. Africa   
 Acting Clinical Director  
 
 
Approved / Not Approved 
 
 
______________________ 
Ms G. Bogoshi  
Chief Executive Officer: CMJAH 
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P0561

COMPARISON OF ORAL GLUCOSE TOLERANCE TEST PLASMA GLUCOSE CONCENTRATIONS FROM SODIUM FLUORIDE AND
CITRATE BUFFER TUBES IN PREGNANT WOMEN. DOES PRESERVATION WITH CITRATE MAKE A DIFFERENCE?

C. Chikomba 1, S. Khan 1, S. Khoza 1, P. Mtetwa 1
1Department of Chemical Pathology, National Health Laboratory Service, and University of Witwatersrand, South Africa.

BACKGROUND-AIM

Accurate measurement of plasma glucose is vital for detection of gestational diabetes mellitus (GDM). The study aimed
to compare the plasma glucose results obtained from sodium fluoride (NaF) and citrate buffer tubes post oral glucose
tolerance test (OGTT) for screening of GDM.

METHODS

This prospective observational study was conducted at an antenatal unit at Charlotte Maxeke Johannesburg Academic
Hospital, a tertiary teaching Centre in South Africa. Pregnant women > 18 years booked for OGTT were recruited into
two cohorts. The first cohort compared plasma glucose in paired NaF and citrate buffer tubes (citrate/NaF) according
to routine practice (samples sent to the lab at the end of OGTT) while the second cohort compared NaF and citrate
following WHO protocol (centrifugation immediately post collection). All plasma glucose samples were analyzed using
a hexokinase method. Passing Bablok and Bland Altman analysis were performed using MedCal software. Cohen kappa
statistics were used for the assessment of the clinical impact of using NaF over citrate tubes.

RESULTS

Sixty-nine (69) and 57 patients were recruited for cohorts 1 and 2, respectively. There was good correlation between
plasma glucose in both cohorts at all three time points of the OGTT with correlation coefficient of 0.941-0.992 (p <
0.001) and 0.982-0993 (p < 0.001) for cohort 1 and cohort 2, respectively. For cohort 1, the mean percentage difference
(MPD) was -8.1%, -4.9%, and -4.5% at fasting, 1hr, and 2 hr. For cohort 2, the MPD was -2.9% at fasting glucose, and
-2.5% at both 1hour and 2 hours. The MPD for both cohorts were outside the allowable bias desirable specification of
2.3 % set by the EFLM. Using NaF in cohort 1, classified 10.3% of the patients as GDM compared to 19% when citrate
was used. In cohort 2, there was 100% concordance in classifying GDM.

CONCLUSIONS

The ineffectiveness of sodium fluoride (NaF) as a glycolytic inhibitor was significantly amplified in delayed sample
processing, resulting in lower glucose levels compared to citrate-based tubes in both cohorts. These findings
strongly support the recommendation for laboratories to transition to citrate/NaF tubes to ensure reliable glucose
measurements and improve diagnostic accuracy.
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Clin Chem Lab Med 2025; 63, Special Suppl, pp S97 – S2842, May 2025 • Copyright © by Walter de Gruyter • Berlin • Boston S654



 iv 

Appendix D: Turn-it in report 

 


