UNIVERSITY OF LEEDS

This is a repository copy of Carbohydrate Counting at Meal Time Followed by a Small
Secondary Postprandial Bolus Injection at 3 Hours Prevents Late Hyperglycemia, Without
Hypoglycemia, After a High-Carbohydrate, High-Fat Meal in Type 1 Diabetes.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/138349/

Version: Accepted Version

Article:

Campbell, MD orcid.org/0000-0001-5883-5041, Walker, M, King, D et al. (5 more authors)
(2016) Carbohydrate Counting at Meal Time Followed by a Small Secondary Postprandial
Bolus Injection at 3 Hours Prevents Late Hyperglycemia, Without Hypoglycemia, After a
High-Carbohydrate, High-Fat Meal in Type 1 Diabetes. Diabetes Care, 39 (9). e141-e142.
ISSN 0149-5992

https://doi.org/10.2337/dc16-0709

© 2016 by the American Diabetes Association. This is an author produced version of a
paper published in Diabetes Care. Uploaded in accordance with the publisher's
self-archiving policy.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

| university consortium eprints@whiterose.ac.uk
WA Universities of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Carbohydrate counting at meal time followed by a small secondary postprandial bolus injection
at 3 hours prevents late hyperglycemia, without hypoglycemia, after a high-carditetyidh-

fat meal in Type 1 diabetes

Matthew D Campbei*PhD, Mark Walket MD, David King MRes, Javier T Gonzalez,
PhD®, Dean AllertoAMSc, Emma J StevensbiRhD, James A ShaWRCP, Daniel J West

PhD.

Affiliation

linstitute of Cellular Medicine, Newcastle University, Newcastle-upon-Tyne 2BdGulty of
Health and Life Sciences, Northumbria University, Newcastle-upon-Tyne>CHtnegie
School of Sport, Leeds Beckett University, UtGarnegie Research Institute, Leeds Beckett

University, UK°Department for Health, University of Bath, UK

Short running title: insulin and high-fat meals in Type 1 diabetes

Corresponding author

Daniel J. West

Institute of Cellular Medicine

Newcastle University, Newcastle-upon-Tyne,

NEZ2 4HH, UK.

Telephone: (+44) 191 2087076 Email: Daniel.west@newcastle.ac.uk
Manuscript word count: 500

Figures: 1



Clinical Trials Registration: NCT02595658

Type 1 diabetes patients are provided guidance and structured education on adjusting their meal
time bolus-insulin dose based on meal carbohydrate content. However, recent research in
patients using continuous subcutaneous insulin infusion (CSII) has highlighted the role of
dietary fat in increasing prandial insulin requirements, particularly late into the postprandial

period (1, 2).

Many patients are treated with basal-bolus insulin injections, which is a less flexible method
of insulin therapy than CSII; for example, patients are unable to dual wave/extended bolus at
meal time. It is important to consider that patients are encouraged to carbohydrate count and
administer rapid-acting insulin units ateattime, and that the time-action profiles of
lispro/aspart vary in a dose dependent manner; while the peak insulin concentration after a pre-
meal bolus usually occurs within the first 60 minutes (3), the peak action is usually observed
between 90-120 minutes, and this duration can vary between 4-6 hours. However, peak
postprandial lipemia occurs after 3-4 hours (4), which can promote acute peripheral insulin

resistance and increase hepatic glucose output (5), and thus, hyperglycemia.

We investigated the influence of rapid-acting insulin dose and timing after high-carbohydrate

high-fat meals in type 1 diabetes patients using insulin analogue injections.

10 male patients (meanzSD; aget26/ears, BMI 25.41.6, diabetes duration X3 years, age
at diagnosis 94 years; HbAc 52.5:5.9 mmol/mol[7.6:0.5%]) using insulin aspart, and either
basal insulin glargine (n=8) or detemir (n=2) attended the Newcastle NIHR Clinical Research

Facility at 07:30h on four occasions.



Experimental trials were randomized and involved consuming either a 1) low-fat meal with
bolus insulin dictated by carbohydrate countibgw-Fat100%), 2) high-fat meal with bolus
insulin dictated by carbohydrate countingigh-Fat100%), 3) high-fat meal with a bolus
insulin dose increased by 30%i{h-Fat130% ), or 4) high-fat meal with bolus insulin dictated

by carbohydrate counting, with an additional 30% administered at 3-h postidigal (
FatSplit). Meals were matched for carbohydrate and protein content, but differed in fat (low
fat: 68 g carbohydrate, 26 g protein, 5 g fat; High-fat: 68 g carbohydrate, 26 g protein, 55 g
fat). Interval blood samples were collected over a 6 hour post-prandial period and were
processed for glucose (Biosen C-Line, EKF-Diagnostic GmbH, London) and exogenous

insulin (Invitron Insulin-Assay, Invitron, Monmouth, UK

Glucose and insulin are presented in Figure 1-A and B, respectiVigly-Fat100% was
associated with late-hyperglycemia, while durigigh-Fat130%, 60% of patients
experienced hypoglycemia (glucose<3.9 mmol/L), with no incidences under the other
conditions. Post-prandial glycemic excursions (time-course changes and area under the curve)
were similar betweeh ow-Fat100% andHigh-FatSplit, despite the additional 50 g of fat

consumed in the latter trial.

When a meal has a high-carbohydrate and high-fat content, using the carbohydrate counting
method for insulin dose adjustments at meal time, and administering additional bolus-insulin
units 3 hours later, provides similar postprandial glucose control to a meal containing negligible
fat, without causing hypoglycemia. Patients should be advised that increasing meal-time
insulin dose alone is not an effective strategy, and is an approach that may increase the risk of

early post-prandial hypoglycemia.
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Figure Legends

Figurel A-B. A Time course changes in blood glucd8én Serum Insulin. Blue tracelzow-
Fat100%; Black trace =High-Fat100%; Red trace =High-FatSplit; Green trace High-
Fat130% . Data presented as mean+£SD (n=10). * indicates that all conditions are significantly
different fromHigh-Fat130%, ** indicates that all conditions are significantly different from
High-Fat100% andHigh-Fat130%.



