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Type 1 diabetes affects around 20,000 New Zealanders. In type 1 diabetes there is an absolute insulin 
deficiency which, without multiple daily insulin injections, results in inefficient glucose uptake into cells. 
This leads to greatly elevated glucose levels in the bloodstream. In order to maintain glucose levels 
within a normal range, regular insulin injections and also regular glucose monitoring are essential. This 
is achieved through the use of “finger stick” capillary glucose meters as well as regular laboratory tests. 
  
In healthy non-diabetic individuals, glucose is taken up by the tissues as blood moves from the arterial 
to the venous system. This results in the level of glucose in the veins tending to be lower than the level 
in the capillaries. This tissue uptake of glucose results in the formation of a capillary-venous glucose 
gradient. We know from previous research in non-diabetic subjects that this capillary-venous glucose 
gradient is highest at about one hour following a glucose drink. It is assumed that the gradient also 
exists in people with type 1 diabetes but this has not previously been studied. Our question was: Is 
there a capillary venous glucose gradient in type 1 diabetes patients that increases after they have 
eaten an everyday meal? If there is indeed a gradient, what is its magnitude when comparing fasting, 
one hour and two hour post meal glucose results? 
  
We recruited 19 adults with well controlled type 1 diabetes. Participants came into the Diabetes Centre 
in the morning after an overnight fast of at least eight hours. Baseline bloods were taken and then 
participants were given a continental breakfast of their choice. The macronutrient content of this 
breakfast was carefully recorded. Our ‘real world’ study design allowed patients not only a choice of  
breakfast, but also allowed them to administer their own insulin dose in the same way they would as 
part of their normal routine. They were then encouraged to remain sedentary for the next two hours, 
with bloods being repeated at one hour and two hours from the baseline. The glucose gradient is 
expected to be maximal one hour after a meal and the two hour time point was chosen for sample 
collection as this is the time point patients are told to check their glucose after each meal. Both capillary 
and venous blood samples were tested using two different glucose measuring systems: the StatStrip 
Xpress and Accu-Check Performa meter systems, both of which are of hospital level quality and 
capable of measuring both venous and capillary whole blood. In order to further validate these meter 
results, glucose samples were also taken for measurement of plasma glucose in the laboratory. Plasma 
was separated on site using immediate centrifugation to prevent the red blood cells from “using up” the 
glucose. Venous laboratory samples were taken at all time points, whilst capillary laboratory samples 
were taken at only the two hour time point to minimise participant discomfort associated with the large 
capillary blood volume needed for a laboratory test.  
  
The results of this study showed that there was minimal gradient at time zero but that a larger capillary-
venous glucose gradient was seen at both one hour and two hours after eating. On average, the 
capillary glucose was 0.23mmol/L higher than the venous glucose at time zero, 0.73mmol/L higher at 
one hour and 0.52mmol/L higher at two hours on the StatStrip Xpress meters with similar results seen 
on the Accu-Chek Performa meters. In some patients this difference was as high as +1.75mmol/L. In 
addition to demonstrating this gradient, we observed that in those with baseline glucose values in the 
normal or near normal range, the gradient was greatest, while for those with a higher baseline glucose, 
the gradient was attenuated. This attenuated gradient suggests that they had not taken quite enough 
insulin to allow efficient glucose uptake into cells. 



  
These findings have several clinical implications. One important implication of this study is surrounding 
advice to patients to test venous and capillary samples concurrently. Clinicians currently suggest that 
people with type 1 diabetes check the accuracy of their glucose meters by taking a capillary glucose 
measurement when they are at the laboratory having a venous sample taken. This is a suggestion that 
is supported by the American Food and Drug Administration (FDA)1. Our results show that this 
suggestion will lead to discrepancies in measured glucose on the meter (capillary) and at the laboratory 
(venous) if the tests are done soon after a meal. This is due to the physiological gradient we have found 
and means that these two results will not be the same and in fact should not be the same if the patient 
has administered sufficient insulin. This discrepancy in results may lead to patients distrusting their 
meter if they are unaware that this gradient exists and are expecting the two results to read the same.  
 
Another interesting observation relates to results from some study participants who were not 
symptomatic of low blood glucose levels, but nevertheless had a low laboratory blood glucose after 
breakfast (a glucose test ≤3.9mmol/L is defined as being in the abnormally low, hypoglycaemic range).  
One example was a patient whose venous laboratory blood glucose was 2.9mmol/L i.e. abnormally low, 
yet his capillary glucose meter reading was normal at 4.25mmol/L. We think the capillary test is the best 
reflection of their clinical condition. However, if you do not know about the possibility of a glucose 
gradient you might erroneously diagnose ‘hypoglycaemia unawareness’ on the basis of the low venous 
plasma laboratory result. ‘Hypoglycaemia unawareness’ occurs when the patient loses their low blood 
glucose symptoms such as shakiness, sweating and confusion, which usually alerts them to the fact 
they are hypoglycaemic. Patients diagnosed with ‘hypoglycaemic unawareness’ are told to run their 
glucose at slightly higher levels by decreasing their insulin dose for several months following diagnosis. 
This management plan may be incorrect if their ‘hypoglycaemia unawareness’ diagnosis was wrong in 
the first place.  
  
In summary, in patients with type 1 diabetes there appears to be a difference in capillary and venous 
glucose levels after eating, with this gradient persisting at one and two hours after a meal. This has 
many practical implications for this group of people with diabetes. A lack of awareness of this gradient 
has the potential to adversely affect individual patient care. 
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