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Abstract 

Background: 

The inhibition of glycolysis prior to glucose measurement is an important 

consideration when interpreting glucose tolerance tests. This is particularly 

important in gestational diabetes mellitus where prompt diagnosis and treatment 

is essential. A study was planned to investigate the effect of preservatives and 

temperature on glycolysis. 

Methods: 

Blood samples for glucose were obtained from consented women. Lithium 

heparin and fluoride-EDTA samples transported rapidly in ice slurry to the 

laboratory were analysed for glucose concentration and then held either in ice 

slurry or at room temperature for varying time intervals. Paired fluoride-citrate 

samples were received at room temperature and held at room temperature, with 

analysis at similar time intervals. 

Results: 

No significant difference was noted between mean glucose concentrations 

when comparing different sample types received in ice slurry. The mean 

glucose concentrations decreased significantly for both sets of samples when 

held at room temperature (0.4mmol/L) and in ice slurry (0.2mmol/L). 
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A review of patient GTTs reported in our hospital indicated that 17.8% 

exceeded the recommended diagnostic criteria for GDM. It was predicted that if 

the results of fasting samples were revised to reflect the effect of glycolysis at 

room temperature, the adjusted diagnostic rate could increase to 35.3%. 

Conclusion: 

Pre-analytical handling of blood samples for glucose analysis is vital. Fluoride-

EDTA is an imperfect antiglycolytic, even when samples are transported and 

analysed rapidly provides such optimal conditions. The use of fluoride-citrate 

tubes may offer a viable alternative in the diagnosis of diabetes mellitus. 

 

Introduction: 

Accurate diagnosis of gestational diabetes mellitus (GDM) remains dependant 

on the results of an oral glucose tolerance test (OGTT) using limits 

recommended by international bodies, such as the International Association of 

Diabetes and Pregnancy Study Groups1 (IADPSG). Guidance from the IADPSG 

is based on data obtained from the Hyperglycaemia and Adverse Pregnancy 

Outcomes (HAPO) study.2  

 

The HAPO study used standardised sample collection criteria - fluoride oxalate 

in ice slurry - across its many study centres. The OGTT comprises 3 glucose 
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samples taken at 0, 1 and 2 hours after a 75g glucose load. It is reported that 

despite the use of fluoride as an anti-glycolytic agent, glycolysis continues in 

blood samples after collection.3 If samples are held together as a set prior to 

analysis, a delay in receipt and analysis may affect the reported results of the 

first sample more than the last. 

 

Accurate GDM diagnosis and risk stratification requires the use of accurate 

measurement of properly stabilised samples for the measurement of glucose.4,5 

This is particularly important in antenatal and postnatal clinics, where there is a 

limited timeframe in which GDM is diagnosed and treatment initiated. 

 

The National Academy of Clinical Biochemistry (NACB) guidelines6 recognises 

the importance of preventing in vitro glycolysis due to its effects on diagnosis. 

The guidance recommends either transport of the sample in ice and separation 

from blood cells (within 30 minutes) or the use of an anti-glycolytic agent such 

as citrate buffer. 

 

The aim of the study is to investigate the effect of preservatives and ice as 

glycolytic inhibitors over the time period normally experienced in the hospital 

setting, as well as its effect of on the diagnosis of GDM. 

Page 4 of 20

Annals of Clinical Biochemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



5 

 

 

Materials and Methods: 

Venous blood for glucose analysis was obtained from 200 pregnant women with 

consent. The study was approved by the Hospital Research Ethics Committee. 

Blood was drawn from each subject at intervals during their pregnancy (12 

weeks, 24-28 weeks and 36 weeks) and 6 weeks postnatal into a fluroide-EDTA 

tube (Sarstedt 05.1073.001; Sarstedt, Numbrecht, Germany). All fluoride-EDTA 

samples were placed in an ice-water slurry for transport to the laboratory.  

Blood samples were drawn from a random subgroup of this cohort into Lithium 

Heparin tubes (Sarstedt 05.1553.001), and held either in ice-water slurry or at 

room temperature during transport to the laboratory. These samples were 

paired to the fluoride-EDTA samples transported in ice-water slurry. 

Blood samples were drawn from a random subgroup of this cohort into citrate-

EDTA tubes (Sarstedt 05.1074.001) and paired to the fluoride-EDTA samples 

which were being transported in ice-water slurry. The citrate-EDTA samples 

were transported to the laboratory at room temperature. 

Glucose concentration measurements were performed in a laboratory, 

accredited to ISO 15189, on a Beckman Coulter AU640 (Beckman Coulter Inc, 

Brea, CA, USA) automated chemistry analyser. Analytical imprecision (standard 

deviation) was 1.64% (0.09mmol/L) at glucose concentration 5.46mmol/L.  

Page 5 of 20

Annals of Clinical Biochemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



6 

 

Statistical analysis, using Bland-Altman analysis to compare paired results, was 

performed using Analyse-It software for Microsoft Excel (Analyse-It Software 

Ltd, Leeds UK). 

 

Study Design: 

The time of receipt of samples to the central laboratory was measured.  

The results of two cohorts of patients were examined, and the diagnostic rates 

of GDM was calculated using these results against the HAPO criteria. 

Paired samples were received, and the transport time from phlebotomy was 

recorded for each sample. Paired samples received within 30 minutes were 

separated and analysed after aliquots were removed. The aliquots were held for 

specified times and temperatures before separation and analysis (Figure 1).  
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Figure 1. Flow chart for sample analysis; fluoride-EDTA and lithium heparin samples 

 

Figure 2: Flow chart for sample analysis. Fluoride-citrate samples 
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8 

 

The difference in glucose concentration between samples held on ice and room 

temperature for different time intervals was calculated.  

 

The standard against which other preservatives and conditions were compared 

was the glucose concentration reported in samples of fluoride-EDTA 

preservative which were received on ice. 

The difference in mean glucose concentrations were analysed using Student’s t 

test. 

 

To investigate the effect of temperature and/or preservative on glycolysis, the 

glucose concentration at time of receipt was compared for paired samples.  

1. Fluoride-EDTA on ice; Lithium Heparin on ice  

2. Fluoride-EDTA on ice; Lithium Heparin received at room temperature.  

3. Fluoride-EDTA on ice; Citrate-EDTA received at room temperature.  

 

To investigate the effectiveness of preservatives on glucose over time, the 

glucose concentration was measured at various time intervals within the time 

period determined by the findings of transport time to the laboratory.  

1. Samples (Fluoride-EDTA and Lithium heparin) were held on ice or room 

temperature for 2.5 hours before separation and glucose measurement.  
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9 

 

2. Samples (Fluoride-EDTA and Lithium Heparin) were held on ice or room 

temperature for up to 90 minutes with separation and glucose 

measurement of aliquots at 15 minute intervals. 

3. Samples were held on ice (Fluoride-EDTA) or room temperature (Citrate-

EDTA) for up to 90 minutes with separation and glucose measurement of 

aliquots at 15 minute intervals. 

 

Results: 

The mean time taken for samples from GTT series to be received into the 

laboratory was 154 minutes (range 123-190 minutes). Based on these findings, 

the time used to delay the analysis of samples was chosen to be 150 minutes 

(2.5 hours). 

There was no significant difference between mean glucose concentrations in 

the fluoride-EDTA and lithium heparin samples received in ice slurry within 30 

minutes of sampling. There was a significant difference between the glucose 

concentrations from fluoride-EDTA samples received in ice slurry and lithium 

heparin samples received at room temperature (Table 1). 

There was a significant difference between mean glucose concentrations when 

received in either fluoride-EDTA or citrate-EDTA preservative type. Mean 

glucose concentration in the citrate-EDTA set was greater than that seen in the 

fluoride-EDTA samples (Table 1). 
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Table 1.  

Difference in glucose concentration at time of receipt between different preservatives 

transported at differing temperatures. 

Difference between Fluoride-EDTA (on ice) at time of receipt and: 

 Lithium Heparin Citrate-EDTA 

Transport conditions Ice slurry Room temperature Room temperature 

Time to receipt  15±6 minutes 15±5 minutes 17±8 minutes 

n 60 36 24 

Mean difference  
[CI] mmol/L 

-0.01mmol/L 
 [-0.06, 0.03] 

-0.08 mmol/L 
 [-0.13, -0.03] 

+0.06 mmol/L 
 [-0.02, 0.14] 

Percentage 
difference 

-0.21% -1.63% +0.96% 

P value 0.631 0.001 0.14 

 

Aliquots of paired fluoride-EDTA and lithium heparin samples were incubated 

for 2.5 hours at two different temperatures; room temperature and ice slurry. 

The mean glucose concentration decreased significantly for samples preserved 

in lithium heparin or fluoride-EDTA when held at either room temperature or in 

ice slurry (Table 2). Mean glucose concentration remained stable over the 2.5 

hours for samples in fluoride-citrate preservative. 

Table 2:  

Difference in glucose concentration when held for 2.5 hours. Three preservative types 

compared. 

Incubation 
Temperature 

Room Temperature Ice Slurry 

Preservative Li-Heparin Fl-EDTA 
Fluoride-
citrate 

Li-Heparin Fl-EDTA 

Time to receipt 15±6 min 14±6 min 17±8 min 15±6 min 14±6 min 
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(minutes) 

n 46 192 22 49 169 

Mean difference  
[CI] mmol/L 

-0.76 mmol/L 
[-0.83, -0.69] 

-0.43 mmol/L 
[-0.46, 0.41] 

-0.02 mmol/L 
[-0.04, 0.13] 

-0.22 mmol/L 
[-0.27, -0.16] 

-0.18 mmol/L 
[-0.20, -0.15] 

Percentage 
difference 

-14.5% -7.6% -0.34% -4.1% -3.1% 

P value P < 0.05 P < 0.05 0.248 P<0.05 P<0.05 

 

The rates of glycolysis within each preservative type at either room temperature 

or in ice slurry was compared for paired samples. Differences in glucose 

concentrations measured at the time of receipt and time points chosen for 

analysis were compared (Figures 3 and 4).  
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Figure 3. Samples analysed at 15 minute intervals: Fluoride-EDTA and Lithium Heparin. 

 

Paired fluoride-EDTA and Lithium heparin samples (n=23);  

The differences in glucose concentration between t=0 and samples held at 

room temperature were statistically significant at every time point. 

The differences in glucose concentration between t=0 and samples held in ice 

slurry were statistically significant at every time point for lithium heparin 

samples.  
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The differences in glucose concentration between t=0 and samples held in ice 

slurry were statistically significant for time points after 30 minutes for fluoride-

EDTA samples. 

The change in glucose concentration between preservative types at the same 

environmental conditions was also compared. The rate of change was similar 

between sample types if held at the same temperature. However, there was a 

significant difference between rates after an hour for samples held at room 

temperature. 

 

 

 

Figure 4: Samples analysed at 15 minute intervals: Fluoride-EDTA and Fluoride-citrate. 
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The changes in mean glucose concentration between paired samples of 

fluoride-EDTA held on ice and fluoride-citrate samples held at room 

temperature were examined (Figure 4). A difference in mean glucose 

concentration is noticeable, with a significant difference in fluoride-EDTA 

samples noted at 15 minutes post receipt. Reviewing data from the fluoride-

citrate tubes, it was noted that there was no significant difference between 

mean glucose concentration at time of receipt and at any of the time points 

investigated. 

 

A review of 400 patient glucose tolerance tests reported in an outpatient clinic in 

our hospital indicated that 17.8% were reported as fulfilling the recommended 

diagnostic criteria for GDM in one or more samples. Of a sample of 113 patient 

glucose tolerance tests sampled at a clinic located 30km from the hospital 

(external clinic), 10.6% were reported as exceeding the recommended 

diagnostic criteria for GDM in one or more samples.  

It was predicted that if the results of fasting samples were reviewed to include or 

incorporate the difference due to glycolysis in fluoride tubes at room 

temperatures as calculated in this study (0.4mmol/L), the revised diagnostic rate 

would be 35.3% of the women chosen for selective screening in the outpatient 
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clinic. For samples taken in the external clinic, this value could be added to all 

patient results, due to the increased delay in sample receipt. It is predicted the 

revised diagnostic rate would be 38.1% of these women chosen for selective 

screening. 

 

Discussion 

The diagnostic limits derived from the HAPO study were based on samples 

collected and transported in ice-slurry, and separated within one hour. To obtain 

accurate diagnosis using these limits, methods of glycolysis inhibition when 

analysing glucose samples in antenatal OGTTs ought to mirror those used in 

the study.7 

It is shown that if there is rapid transport of samples prior to separation and 

analysis, there is little difference in glucose concentrations reported when 

paired samples are transported on ice, even in the absence of fluoride-EDTA 

preservative. 

When comparing average glucose concentrations of samples received and 

analysed rapidly (within 30 minutes) in fluoride-EDTA to fluoride-citrate 

preservatives, a positive bias of mean glucose concentration is observed for 

fluoride-citrate samples. This bias may be due to ongoing glycolysis in the 

fluoride-EDTA tubes due to delayed cooling of the blood in the tubes.8 
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Alternatively, it has been proposed that the conversion factor used for liquid 

preservative may require revision.9 

When investigating a delay of 2.5 hours for samples held at room temperature - 

the time taken for samples to reach the laboratory - it can be seen that the 7.6% 

(0.4mmol/L) decrease seen in the fluoride-EDTA samples is consistent with 

previous reports, while that of the lithium heparin nears 15% (0.8mmol/L). The 

difference in glucose concentration calculated from samples of citrate 

preservative is negligible over the 2.5 hours.  

In the unlikely event that samples would be held for extended periods of time in 

ice slurry, it is shown that a significant difference is seen at 2.5 hours for 

samples containing the fluoride-EDTA preservative. At a 3% (0.2mmol/L) 

decrease from the original analysis, this decrease is similar to that seen in the 

lithium heparin samples (4%; 0.2mmol/L). The ice therefore appears to have an 

incomplete effect in inhibiting the glycolytic process. This is in contrast with the 

consistency in mean glucose concentration noted in the fluoride-citrate samples 

over the same time period. Indeed, over a longer time period - 4 hours - there is 

negligible difference (0.28%) in mean glucose concentration measured in 

fluoride-citrate tubes. 

When results from delayed analysis using shorter timeframes are examined, it 

may be seen that even at a short an interval as 15 minutes, there is a significant 

Page 16 of 20

Annals of Clinical Biochemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



17 

 

change in glucose concentration for paired samples held either at room 

temperature or for samples held on ice. This consistent change is not seen in 

samples preserved using fluoride-citrate.  

Although the rates of change are similar across time points, there is a slight 

variability in average glucose concentration at each time point. This may be due 

to the small sample size of the study. 

Transporting every glucose sample individually on ice prior to analysis is not a 

viable option for hospitals and clinics. A possible alternative is the use of 

fluoride-citrate preservative for glucose analysis.10, 11 

The recommendation of citrate as an antiglycolytic agent has been popularised 

recently, due it’s reemergence as a viable glycolytic inhibitor.6, 10, 12, 13 

Sample tubes containing either powdered or liquid preservative have been 

studied and results compared against traditional fluoride glucose tubes.14 

Due to the dilution of the sample by the liquid preservative, a correction factor is 

required for samples, the published values of which have come under scrutiny. 

The difference between mean glucose concentrations reported in fluoride when 

held on ice and those reported in citrate tubes using a liquid preservative have 

been sufficiently similar to allow their introduction. However, this consistent 

difference was investigated and has been reported as due to the manufacturer’s 

recommended correction factor.9 
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Conclusion 

This study investigated the effect of fluoride, citrate and ice as glycolytic 

inhibitors over the time period normally experienced in the hospital setting 

The importance of an early and accurate diabetes diagnosis, including GDM by 

the stringent HAPO criteria, is such that health professionals cannot overlook 

the imact of glycolysis. By diagnosing using HAPO criteria, and not adhering to 

the collection practices in the study, it is likely that there is consistent 

underdiagnosis of GDM in our patient population. 

Optimal pre-analytical standardised conditions are critical for the accurate 

classification of diabetes, particularly GDM, where the window for diagnosis is 

limited and the treatment is immediate. Where the findings in our paper are 

important in all investigations of patients for diabetes mellitus and impaired 

glucose tolerance, the lack of diagnostic utility of HBA1c in the setting of GDM, 

makes defining the evidence base for pre-analytical criteria for the GTT critical. 
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