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1 Short introduction



PROFESSIONAL JOURNEY

Over the past decade, I have worked as a management consultant on healthcare projects in the United 
Kingdom, Central and Eastern Europe and Asia, most recently in the Czech Republic and Slovakia.
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2 What is remission?



DIABETES

There are various forms of diabetes, with slightly different diagnostic criteria, with different countries 
using different screening and diagnostic tests, notably in Gestational Diabetes.

6Note: ADA (2018)

2. Classification and Diagnosis of
Diabetes: Standards of Medical
Care in Diabetesd2019
Diabetes Care 2019;42(Suppl. 1):S13–S28 | https://doi.org/10.2337/dc19-S002

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes ADA’s current clinical practice recommendations and is intended to provide
the components of diabetes care, general treatment goals and guidelines, and tools
to evaluate quality of care.Members of theADAProfessional Practice Committee, a
multidisciplinary expert committee, are responsible for updating the Standards of
Care annually, or more frequently as warranted. For a detailed description of ADA
standards, statements, and reports, as well as the evidence-grading system for
ADA’s clinical practice recommendations, please refer to the Standards of Care
Introduction. Readers who wish to comment on the Standards of Care are invited
to do so at professional.diabetes.org/SOC.

CLASSIFICATION

Diabetes can be classified into the following general categories:

1. Type1diabetes (due toautoimmuneb-cell destruction, usually leading toabsolute
insulin deficiency)

2. Type 2 diabetes (due to a progressive loss of b-cell insulin secretion frequently on
the background of insulin resistance)

3. Gestational diabetes mellitus (GDM) (diabetes diagnosed in the second or third
trimester of pregnancy that was not clearly overt diabetes prior to gestation)

4. Specific types of diabetes due to other causes, e.g., monogenic diabetes syndromes
(such as neonatal diabetes and maturity-onset diabetes of the young [MODY]),
diseases of the exocrine pancreas (such as cystic fibrosis and pancreatitis), and
drug- or chemical-induced diabetes (such as with glucocorticoid use, in the
treatment of HIV/AIDS, or after organ transplantation)

This section reviews most common forms of diabetes but is not comprehensive. For
additional information, see the American Diabetes Association (ADA) position
statement “Diagnosis and Classification of Diabetes Mellitus” (1).
Type 1 diabetes and type 2 diabetes are heterogeneous diseases in which clinical

presentation and disease progression may vary considerably. Classification is im-
portant for determining therapy, but some individuals cannot be clearly classified as
having type 1 or type 2 diabetes at the time of diagnosis. The traditional paradigms of
type 2 diabetes occurring only in adults and type 1 diabetes only in children are no
longer accurate, as both diseases occur in both age-groups. Children with type 1
diabetes typically present with the hallmark symptoms of polyuria/polydipsia, and
approximately one-third present with diabetic ketoacidosis (DKA) (2). The onset of
type 1 diabetes may be more variable in adults, and they may not present with the
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DIABETES

ADA (2019) lists four key diagnostic criteria for the diagnosis of diabetes, based on fasting plasma glucose, 
120min Oral Glucose Tolerance Test, glycated haemoglobin or random plasma glucose.

7Note: Table 2.2 in ADA (2018)

Complications Trial (DCCT) reference
assay. Although point-of-care A1C assays
may be NGSP certified or U.S. Food and
Drug Administration approved for diag-
nosis, proficiency testing is not always
mandated for performing the test. There-
fore, point-of-care assays approved for
diagnostic purposes should only be con-
sidered in settings licensed to perform
moderate-to-high complexity tests. As
discussed in Section 6 “Glycemic Targets,”
point-of-care A1C assays may be more
generally applied for glucosemonitoring.
The A1C has several advantages com-

pared with the FPG and OGTT, including
greater convenience (fasting not re-
quired), greater preanalytical stability,
and less day-to-day perturbations during
stress and illness. However, these ad-
vantages may be offset by the lower
sensitivity of A1C at the designated cut
point, greater cost, limited availability of
A1C testing in certain regions of the de-
veloping world, and the imperfect corre-
lation between A1C and average glucose
in certain individuals. The A1C test, with
a diagnostic threshold of $6.5% (48
mmol/mol), diagnoses only 30% of the
diabetes cases identified collectively
using A1C, FPG, or 2-h PG, according
to National Health and Nutrition Exam-
ination Survey (NHANES) data (10).
When using A1C to diagnose diabetes,

it is important to recognize that A1C is an
indirect measure of average blood glu-
cose levels and to take other factors into
consideration that may impact hemoglo-
bin glycation independently of glycemia
including HIV treatment (11,12), age, race/
ethnicity, pregnancy status, genetic back-
ground, and anemia/hemoglobinopathies.

Age

The epidemiological studies that formed
the basis for recommending A1C to di-
agnose diabetes included only adult pop-
ulations (10). However, a recent ADA

clinical guidance concluded that A1C,
FPG, or 2-h PG can be used to test for
prediabetes or type 2 diabetes in chil-
dren and adolescents. (see p. S20 SCREEN-

ING AND TESTING FOR PREDIABETES AND TYPE 2

DIABETES IN CHILDREN AND ADOLESCENTS for ad-
ditional information) (13).

Race/Ethnicity/Hemoglobinopathies

Hemoglobin variants can interfere with
the measurement of A1C, although most
assays in use in theU.S. are unaffected by
the most common variants. Marked dis-
crepancies between measured A1C and
plasma glucose levels should prompt
consideration that the A1C assay may
not be reliable for that individual. For
patients with a hemoglobin variant but
normal red blood cell turnover, such as
those with the sickle cell trait, an A1C
assay without interference from hemo-
globin variants should be used. An up-
dated list of A1C assays with interferences
is available at www.ngsp.org/interf.asp.

African Americans heterozygous for
the common hemoglobin variant HbS
may have, for any given level of mean
glycemia, lower A1C by about 0.3% than
those without the trait (14). Another ge-
neticvariant,X-linkedglucose-6-phosphate
dehydrogenase G202A, carried by 11%
of African Americans, was associated
with a decrease in A1C of about 0.8%
in homozygous men and 0.7% in homo-
zygous women compared with those
without the variant (15).

Even in the absence of hemoglobin
variants, A1C levels may vary with race/
ethnicity independently of glycemia
(16–18). For example, African Americans
may have higher A1C levels than non-
Hispanic whites with similar fasting and
postglucose load glucose levels (19), and
A1C levels may be higher for a given mean
glucose concentration when measured
with continuous glucose monitoring (20).
Though conflicting data exists, African

Americans may also have higher levels of
fructosamine and glycated albumin and
lower levels of 1,5-anhydroglucitol, suggest-
ing that their glycemic burden (particularly
postprandially) may be higher (21,22). The
association of A1C with risk for complica-
tions appears to be similar in African Amer-
icans and non-Hispanic whites (23,24).

Other Conditions Altering the Relationship

of A1C and Glycemia

In conditions associated with increased
red blood cell turnover, such as sickle cell
disease, pregnancy (second and third
trimesters), glucose-6-phosphate dehy-
drogenase deficiency (25,26), hemodialy-
sis, recent blood loss or transfusion, or
erythropoietin therapy, only plasma blood
glucose criteria should beused todiagnose
diabetes (27). A1C is less reliable than
blood glucose measurement in other con-
ditions such as postpartum (28–30), HIV
treated with certain drugs (11), and iron-
deficient anemia (31).

Confirming the Diagnosis
Unless there is a clear clinical diagnosis
(e.g., patient in a hyperglycemic crisis
or with classic symptoms of hyperglyce-
mia and a random plasma glucose$200
mg/dL [11.1mmol/L]), diagnosis requires
two abnormal test results from the
same sample (32) or in two separate
test samples. If using two separate test
samples, it is recommended that the
second test, which may either be a repeat
of the initial test or a different test, be
performed without delay. For example, if
the A1C is 7.0% (53 mmol/mol) and a
repeat result is 6.8% (51 mmol/mol), the
diagnosis of diabetes is confirmed. If two
different tests (such as A1C and FPG) are
both above the diagnostic threshold
when analyzed from the same sample
or in two different test samples, this also
confirms the diagnosis. On the other
hand, if a patient has discordant results

Table 2.2—Criteria for the diagnosis of diabetes
FPG $126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*

OR

2-h PG $200 mg/dL (11.1 mmol/L) during OGTT. The test should be performed as described by the WHO, using a glucose load containing the
equivalent of 75-g anhydrous glucose dissolved in water.*

OR

A1C $6.5% (48 mmol/mol). The test should be performed in a laboratory using a method that is NGSP certified and standardized
to the DCCT assay.*

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose $200 mg/dL (11.1 mmol/L).

*In the absence of unequivocal hyperglycemia, diagnosis requires two abnormal test results from the same sample or in two separate test samples.
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fore, point-of-care assays approved for
diagnostic purposes should only be con-
sidered in settings licensed to perform
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when analyzed from the same sample
or in two different test samples, this also
confirms the diagnosis. On the other
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OR

2-h PG $200 mg/dL (11.1 mmol/L) during OGTT. The test should be performed as described by the WHO, using a glucose load containing the
equivalent of 75-g anhydrous glucose dissolved in water.*

OR
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VIRTA HEALTH

While Virta’s criteria for diabetes reversal seem less “strict” than remission as defined by DiRECT trial, 
partial and complete remission set a higher bar (lower HbA1c plus longer duration without meds).

8Note: Athinarayanan (2019)

14 

Supplementary Table 2 225 
 226 
Criteria and cut-offs for diabetes reversal, diabetes partial remission, diabetes complete remission, metabolic syndrome, steatosis and 227 

absence of fibrosis 228 

 229 
 230 

Disease outcomes Criteria and cut-offs used for assignment 

Diabetes reversal Sub-diabetic hyperglycemia and normoglycemia (HbA1c below 6.5%), without medications 

except metformin 

Diabetes partial 

remission(12) 

Sub-diabetic hyperglycemia of at least 1 year duration, HbA1c level between 5.7-6.5%, 

without any medications (two HbA1c measurements) 

Diabetes complete 

remission(12) 

  Normoglycemia of at least 1 year duration, HbA1c below 5.7%, without any medications (two 

HbA1c   measurements) 

Metabolic syndrome(13,14) Assigned according to the new International Diabetes Federation (IDF) and National 

Cholesterol Education Program’s Adult Treatment Panel III (NCEP ATP III)] classification. 

Metabolic syndrome is assigned if any three of the following five factors were listed: 
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DiRECT

DiRECT trial defined remission of diabetes as HbA1c below 6.5% (48 mmol/mol) following at least 2 
months without medication (less strict than Virta remissions).

9Note: DiRECT (Lean 2017)

Articles
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randomly assigned (1:1) by the Robertson Centre for 
Biostatistics (University of Glasgow, UK), via a computer-
generated list, to provide either an evidence-based weight 
management programme (Counterweight-Plus; inter-
vention)12 or best-practice care by guidelines (control). 
Randomisation was stratified to maintain balance for 
practice list size (>5700 or ≤5700) across inter vention 
groups within each study region.

Due to the nature of the lifestyle intervention being 
examined, participants, carers, and research assistants 
who collected outcome data were aware of group 
allocation; however, allocation was concealed from the 
study statistician in charge of developing and conducting 
the statistical analysis programme (AM).

Procedures
Potentially eligible participants were mailed an invitation 
pack, including an information sheet, by the PCRN 
(Scotland) and GP staff in Tyneside (independently of the 
research team), and asked to respond using a reply-paid 
envelope. To help balance the incentive of the intervention 
itself, participants in the control group were offered a 
£50 Amazon voucher. Individuals who did not respond 
were sent a reminder or telephoned; those interested in 
participating were invited to an initial appointment.

A nurse or dietitian (as available locally) in each 
intervention practice was given a total of 8 h structured 
training by the study research dietitians experienced 
in Counterweight-Plus. Training followed a standard 
protocol, to minimise variability and maintain fidelity 
across all practices. Mentoring of nurses and dietitians 
was done by the study research dietitians during each 
stage of the intervention, with feedback as required.

Participants in the intervention group were asked to 
follow the Counterweight-Plus weight management 
programme,12 with a stated aim of achieving and main-
taining at least 15 kg weight loss for the maximum 
number of participants and an emphasis on flexibility to 
accommodate individual circumstances and optimise 
outcomes. Weight loss was induced with a total diet 
replacement phase using a low energy formula diet 
(825–853 kcal/day; 59% carbohydrate, 13% fat, 26% 
protein, 2% fibre) for 3 months (extendable up to 
5 months if wished by participant), followed by structured 
food reintroduction of 2–8 weeks (about 50% carbohydrate, 
35% total fat, and 15% protein), and an ongoing structured 
programme with monthly visits for long-term weight loss 
maintenance. All oral antidiabetic and antihypertensive 
drugs were discontinued on day 1 of the weight 
management programme, with standard pro tocols for 
drug reintroduction under national clinical guidelines, if 
indicated by regular monitoring of blood glucose and 
blood pressure.11 Antihypertensive drugs were with-
drawn because blood pressure rapidly decreases upon 
commencement of a low energy diet.6

Participants were encouraged to maintain their usual 
physical activities during total diet replacement, but not 

asked to increase activity at this stage. Step counters were 
provided at the start of food reintroduction, and physical 
activity strategies were introduced, to help participants in 
the intervention group to reach and maintain their 
individual sustainable maximum—up to 15 000 steps 
per day. Physical activity and sleep were objectively 
measured over 7 days by use of wrist-worn triaxial 
accelerometers; data were assessed with validated cali-
bration and analysis algorithms.13,14

Participants in both groups continued to receive 
diabetes care under current guidelines and standards 
from the National Institute of Health and Care Excellence 
in England15 and the Scottish Intercollegiate Guidelines 
Network in Scotland.16 All study appointments took place 
at the participants’ own GP practices.

Outcomes
The co-primary outcomes were a reduction in weight of 
15 kg or more, and remission of diabetes, defined as HbA1c 
less than 6·5% (<48 mmol/mol) after at least 2 months off 
all antidiabetic medications, from baseline to month 12. 
Secondary outcomes assessed at 12 months were quality 
of life, as measured by the EuroQol 5 Dimensions 
(EQ-5D); serum lipids; and physical activity. Other 
presepcified outcomes included programme acceptability, 
sleep quality, and blood pressure, as detailed in the 
protocol.11 We additionally assessed exploratory outcomes 
of effects on changes in medications.

All outcome data were collected at baseline and at 
12 months. For participants who ceased to engage and 
did not attend their 12 month trial appointment, data 
from GP records (within a window of plus or minus 
3 months of the scheduled follow-up date) were used if 
available, as prespecified in the protocol.11

Statistical analysis
The planned primary analyses were done at the 
individual level, according to the intention-to-treat 
principle. The co-primary outcomes were analysed in a 
hierarchical manner, the weight loss outcome first, 
with no adjustment of the p values for multiple 
comparisons. For participants who did not attend the 
12 month study assessment, and for whom data could 
not be obtained from GP records, we made the 
assumption that the primary outcomes were not met. 
For the main analysis of secondary outcomes, no 
assumptions were made regarding missing data. To 
provide comparability with other published data for 
weight changes, we did a sensitivity analysis with 
different models to impute values for missing data.

Sample-size calculations indicated that recruitment 
of 280 participants would be required to achieve 
80% power. These calculations assumed diabetes 
remission in 22% of participants in the intervention 
group at 1 year (the effect size deemed potentially 
important, a priori) compared with an estimated 5% in 
the control group, enrolment of ten participants per 

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(19)30068-3/fulltext


PREDIABETES REMISSION

A clinical trial investigating prediabetes remission also used fasting plasma glucose and 2h OGTT result to 
determine remission.

10Note: Stentz (2016)

Study design
The study was a prospective randomized trial of a HP
diet (30% kcals from protein, 40% kcals from CHO,
30% kcals from fat) versus HC diet (15% kcals from
protein, 55% kcals from CHO, 30% kcals from fat) for a
period of 6 months. The study was approved by the
Institutional Review Board of the University of
Tennessee Health Science Center (UTHSC).
All participants were seen in the General Clinical

Research Center (GCRC) at UTHSC for all their visits.
After signing the consent form, a history and physical
examination, height and weight, blood pressure (BP)
and waist measurements were done. At the Bl and at
6 months of the study participants underwent a standard
OGTT and mixed meal tolerance test. The meal for the
MTT for the HP group was a HP meal and the meal for
the MTT for the HC group was a HC meal. Both HP and
HC meals were 300 calories (the same as the 75 g
OGTT). Glucose and insulin were measured at Bl and at
30 min intervals for 2 hours. These tests were repeated
after being on the diet for 6 months. Each provocative
test was performed after an overnight fast with 2 or more

days between tests. At Bl and 6 months, DXA scan, RMR,
chemistry profile, complete blood count (CBC), vitamin
D, parathyroid hormone (PTH) and lipid profiles were
performed. Urine collections for 24 hours were per-
formed for creatinine clearance (CrCl), microalbumin,
calcium (Ca) and urinary urea nitrogen (UUN). These
determinations were performed to determine the
changes in body weight and body composition (lean
mass (LM) and fat mass (FM)), insulin sensitivity and
glucose response, lipid profile, Ca metabolism and
protein breakdown (by urinalysis). Subjects were
assessed for level of activity and all were at minimum
activity. Patients were requested to continue their
current level of physical activity throughout the study.
After meeting the screening criteria, subjects were ran-
domized to either the HP or HC diet using a permuted
block randomization method generated by the
biostatistician.
Subjects were considered to have remission of their

pre-diabetes if at 6 months they had a fasting glucose of
<100 mg/dL, and a 2-hour glucose level of <140 mg/dL
during a single OGTT.

Figure 1 Shows the recruiting
and screening of subjects for the
participants in the study. HC, high
carbohydrate; HP, high protein.

BMJ Open Diabetes Research and Care 2016;4:e000258. doi:10.1136/bmjdrc-2016-000258 3
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CZECH DIABETOLOGY SOCIETY (BARIATRIC SURGERY)

Likewise, CDS suggests two methods – fasting plasma glucose below 5.6 mmol/l, and either A1c below 38 
mmol/mol or 2h OGTT below 7.8 mmol/l.

11Note: CDS (2017)

přechodu do poruchy glukózové homeostázy či k úplné normalizaci tolerance glukózy. 
Umožní obvykle vysazení inzulínu a snížení dávek PAD. Pokud je BMI nad 35, zejména jsou-
li přítomné další rizikové faktory, měla by být indikace k bariatrickému výkonu u obézního 
nemocného s diabetem 2. typu vždy uvážena. Indikace k výkonu a péče o nemocného 
léčeného bariatrickým výkonem jsou předmětem interdisciplinárních evropských doporučení 
17, 18.  

Kritéria pro posouzení účinku bariatrické chirurgie na remisi diabetu 2. typu (upravená 
evropská doporučení): 
Hodnotí se podle glykémie v žilní plazmě nalačno a HbA1c (místo HbA1c je možné použít 
glykémie ve 120. minutě oGTT). 
Částečná remise (odpovídá modifikované definici prediabetu/poruše glukózové homeostázy) 
Glykémie jsou pod diagnostickým prahem pro diabetes (tj. glykémie v žilní plazmě nalačno 
5,6 – 6,9 mmol/l NEBO HbA1c 39 – 47 mmol/mol NEBO glykémie ve 120. minutě oGTT 7,8 
-11,0 mmol/l) nejméně po dobu 1 roku, bez farmakoterapie s výjimkou metforminu. 
Kompletní remise  
Normální glykémie je třeba potvrdit dvěma ukazateli (glykémie v žilní plazmě nalačno je < 
5,6 mmol/l a zároveň je HbA1c £ 38 mmol/mol nebo je glykémie ve 120. minutě oGTT 
<7,8mmol/l)  nejméně po dobu 1 roku, bez farmakoterapie s výjimkou metforminu. 
Prodloužená remise 
Kompletní remise trvající alespoň 5 let.  

Po bariatrickém výkonu u nemocného s diabetem či prediabetem je vhodné bez ohledu na 
zlepšení či normalizaci glukózové homeostázy pokračovat v podávání metforminu.  

5.4. Další léčebná opatření 

Součástí léčby diabetes mellitus 2. typu 19, 20 má být úspěšné zvládnutí: 

• Hyperglykémie 
• Obezity 17 
• Hypertenze 21 
• Dyslipidémie 20, 22  
• Zvýšené tendence k agregaci trombocytů 

Podávání 100 mg kyseliny acetylsalicylové je doporučeno v primární prevenci u  
diabetiků s dalšími riziky a v rámci sekundární prevence. 

• Akutních a chronických komplikací diabetu 

Při každém kroku tohoto procesu je nezbytný individuální přístup ke každému pacientovi, 
který bere v úvahu jeho specifické potřeby, zájmy a schopnosti při plnění konkrétních 
terapeutických cílů. 

6. Průběžná standardní péče 

    Při každé kontrole diabetika má být 

http://www.diab.cz/dokumenty/standard_lecba_dm_typ_II.pdf


COMPARATIVE VIEW (%, mg/dl) 

A comparative analysis of various definitions suggests that OGTT is not always required, and remission as 
defined by Virta Health being stricter than remission as defined by DiRECT trial.

12Note: JV analysis

VIRTA DiRECT Stentz (2016) ČDS (2017)

REVERSAL
subDM hypergly
A1c  < 6.5 %
metformin

--- --- ---

PARTIAL 
REMISSION

subDM hypergly 1y
A1c 5.7 – 6.5 % (2x)
no medication

--- ---
FPG 100 – 125 mg/dl 
A1c 39 - 47 mg/dl 
2h OGTT 140-200 mg/dl

COMPLETE 
REMISSION

normoglycaemia 1y
A1c <5.7 % (2x)
no medication

A1c <6.5 %
after 2m without meds

FPG <100 mg/dl
2h OGTT <140 mg/dl

FPG < 100 mg/dl (2x)
AND 

A1c < 5.6 % or 
2h OGTT < 140 mg/dl

EXTENDED 
REMISSION --- --- --- complete remission 

for 5y



COMPARATIVE VIEW (mmol/mol, mmol/l)

A compara8ve analysis of various defini8ons suggests that OGTT not always required, and remission as 
defined by Virta Health being stricter than remission as defined by DiRECT trial.

13Note: JV analysis

VIRTA DiRECT Stentz (2016) ČDS (2017)

REVERSAL
subDM hypergly
A1c  < 48 mmol/mol
metformin

--- --- ---

PARTIAL 
REMISSION

subDM hypergly 1y
A1c 39-48 mmol/mol 2x
no medication

--- ---
FPG 5.6 – 6.9 mmol/l 
A1c 39 - 47 mmol/mol
2h OGTT 7.8-11 mmol/l

COMPLETE 
REMISSION

normoglycaemia 1y
A1c <38 mmol/mol (2x)
no medication

A1c <48 mmol/mol
after 2m without meds

FPG <5.6 mmol/l
2h OGTT <7.8 mmol/l

FPG < 5.6 mmol/l (2x)
AND 

A1c < 38 mmol/mol or 
2h OGTT < 7.8 mmol/l

EXTENDED 
REMISSION --- --- --- complete remission 

for 5y



COMPARATIVE VIEW 

A visual guide to complete remission (Virta, CDS) and remission (DiRECT, Stentz).

14Note: JV analysis

FPG HbA1c 2h OGTT Meds

5.6 mmol/l
100 mg/dl

48 mmol/mol
6.5 %

38 mmol/mol
5.6 %

DiRECT

yes !
no "

DiRECT
Virta

Virta

Virta

7.8 mmol/l
140 mg/dl

Stentz

CDS

CDS

CDS

CDS

Stentz
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3 Brief history



TWO CASES OF DIABETES MELLITUS (CURE)

One of the earliest references to an animal (low carbohydrate) diet comes from John Rollo, the army 
surgeon, from 1797, in the context of diabetes cure.

16Note: Rollo (1797)

AN ACC0UNTJ3F

TWO CASES
OF THE

DIABETES MELLITUS s

WITH REMARKS,
AS THEY AROSE DURING THE

PROGRESS OF THE CURE.
To which are added,

A GENERAL VIEW OF

THE NATURE OF THE DISEASE
AND ITS APPROPRIATE TREATMENT,

Including Obfervations on fome Difeafes depending on

STOMACH AFFECTION;
AND A DETAIL OF

THE COMMUNICATIONS
Received on the Subject fince the Difperfion of the Notes on the

FIRST CASE.

~ BY JOHN ROLLO, M.D.
SURGEON-GENERAL^ ROYAL ARTILLERY.

WITH
THE RESULTS OF THE TRIALS OF

VARIOUS ACIDS AND OTHER SUBSTANCES
In the Treatment of the Lues Venerea j

AND
SOME OBSERVATIONS ON THE NATURE OF SUGAR, &c.

BY WILLIAM CRUICKSHANK,
Chemift to the Ordnance, and a Surgeon of Artillery,

«=»©«5e-««5«—

IN TWO VOLUMES.
VOL. II.

PRINTED BY T. GILLET,

FOR C. DILLY, IN THE POULTRY.

M dcc xcvn.

https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf


TWO CASES OF DIABETES MELLITUS (CURE)

Animal diet was noted several times in Rollo 1797.

17Note: p16 in Rollo (1797)

16 DIABETES MELLITUS.

the laft 24 hours did not exceed one pint
and a half,

16/// April, 1797.

SINCE my laft I think the Gene-
ral has gained fome ftrength, and looks
better. He has diligently perfevered in the
animal diet, and taken as much in a venifon
ftate as he could obtain. This being the
cafe, and all kinds of wine, and malt li-

quors being left off, we cannot expecT: that
relifh for food which we obferve in other
conditions. Of his appetite, however, there
is no reafon to complain; his food certainly

nourilhes. His pulfe in the right arm is

about 84, of due ftrength ; but at the other
wrift it has always been different, probably
you obferved this at Woolwich. A flight

clamminefs is felt in the mouth; but no
thirft. He takes an opiate and fleeps well

;

and gets out of doors in this fine weather.
His cough is almoft gone, and he expecto-
rates with eafe. His feet are now comfort-
ably warm, and I think the ikin begins to
do its office ; the fcurf has fallen off. To-

morrow

https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf


TWO CASES OF DIABETES MELLITUS (CURE)

Animal diet was noted several times in Rollo 1797.

18Note: p138 in Rollo (1797)

138 DIABETES MELLITUS.

pounds; on the 3 1ft day, two days only,
the quantity of the urine was reduced to 5
pounds, and it had acquired a ftrong urinous
fmell.

The two Cases treated at Glasgow
by Doctor Cleghorn, fliew alfo the good
effects of entire animal food, and of the in-
fluence of commotions in the bowels on the
quantity of the urine.

The Case of the Gentleman of 77
likewife fhews the efficacy of animal food ;

but the most striking case is that of
Clark, as related by Doctor Gerard.

This important cafe points out,

lft. That in this difeafe there is no ab-
forption of fluids by the fkin.

2dly. That animal food may alone, if

duly perfevered in, cure the difeafe, and
fuch perfeverance may probably be of a very
limited duration.

Hepatised

https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf


JOHN ROLLO

"Captain Meredith, of the Royal Artillery, being an ac-
quaintance, I had seen him very frequently, previous to his
going on camp duty in 1794, but then he had no disease;
however, he always had impressed me, from his being a
large corpulent person, with the idea that he was not unlikely
to fall into disease. {Editor: Another instance of Rollo's
clinical acuteness.)

"On the 12 th of June, 1796, he visited me, and though
I was at once struck with the diminution of his size, yet,
at the same time, the colour of his face being ruddy, I re-
ceived no impression, otherwise than of his being in health:
a moment's conversation, however, convinced me of the con-
trary. . . .

"He complained of great thirst and a keenness of ap-
petite; his skin was hot, dry and parched; and his pulse
small and quick. He told me his complaints had been at-
tributed to an old disease, and a liver affection. The thirst,
dry skin, and quick pulse, marking a febrile state, depending
probably on some local circumstance, and connecting these
with the keenness of appetite, Diabetes immediately sug-
gested itself to me. I enquired into the state of his urine,
which I found in quantity and colour to be characteristic
of the disease; and was at the same time much surprised,
that for the two or three months he had been under the
care of a Physician and Surgeon, the circumstance of the
increased urine had not been known to them. The patient
told me, as he drank so much, the quantity of urine had
appeared to him a necessary consequence; and of course
never having been asked about it, he gave no information.
I directed him to keep the urine he next passed, and, on
examination, it was found to be sweet; in consequence of
which the disease became sufficiently ascertained."

At another point in the case history, Rollo states
that Captain Meredith was 34 years of age and was
71% inches tall. At the time of beginning of the
special treatment, the symptoms of diabetes had been
present seven months or more and his weight had
fallen from 232 to 162 pounds.

A view held by some at that time was that diabetes
was a primary affection of the kidneys. However,
Rollo developed the idea that the disease was "a
primary and peculiar affection" of the stomach in
which, due to some morbid changes in "the natural
powers of digestion and assimilation," sugar or sac-
charine material was formed in that organ, chiefly from
vegetable matter. It was on this basis that he advo-
cated the use of an animal diet together with certain
medication designed to quiet the overactive stomach
and to diminish the appetite. Following initial blood-
lettings, Rollo's treatment of Captain Meredith was
as follows:

"1st. The diet to consist of animal food principally, and
to be thus regulated:

Breakfast. One and a half pint of milk and half a pint of
lime-water, mixed together; and bread and butter.

Noon. Plain blood-puddings, made of blood and suet only.
Dinner. Game, or old meats, which have been long kept;

and as far as the stomach may bear, fat and rancid old
meats, as pork. To eat in moderation.

Supper. The same as breakfast.
"2dly. A drachm of kali sulphuratum to be dissolved in

four quarts of water which has been boiled, and to be used
for daily drink.

No other article whatever, either eatable or drinkable, to
be allowed, than what has been stated.

"3dly. The skin to be annointed with hog's lard every
morning. Flannel to be worn next the skin. The gentlest
exercise to be only permitted; but confinement to be pre-
ferred.

"4thly. A draught at bed-time of twenty drops of tar-
tarized antimonial wine, and twenty-five of tincture of opium;
and the quantities to be gradually increased. In reserve,
as substances diminishing action, tobacco and foxglove.

"5thly. An ulceration, about the size of half a crown,
to be produced and maintained externally, and immediately
opposite to each kidney. And,

"6thly. A pill of equal parts aloes and soap, to keep the
bowels regularly open."

Captain Meredith began the above treatment on
Oct. 19, 1796. Two days later the quantity of urine
passed in twenty-four hours had fallen from seven or
eight quarts to six quarts. By November 1 the quantity
did not exceed four quarts and on November 4 "he
drank only three pints of water, and made only two
quarts of urine, which to him and his servants (who
had been in the habit of tasting his urine from curios-
ity) was not sweet." As time went on, the opium at
bedtime was discontinued and the rubbing with hog's
lard was left off. The latter was found to be a
"troublesome and disagreeable" part of the treatment.
Rollo decided to simplify therapy to include those
features which were considered really essential: animal
food, confinement with limitation of activity, and hepa-
tized ammonia. The hepatized ammonia (ammonium
sulphide) was used in place of "kali sulphuratum,"
originally prescribed, with the thought that it might
be "a more certain and active medicine than the other
on the stomach, in diminishing its action."

Captain Meredith was directed to keep notes re-
garding his symptoms, diet, medication and progress
of his illness. He did this quite faithfully, recording
his transgressions as well as his attempts at cooperation.
When at times he indulged in apples, bread and
beer, Rollo found it necessary "to point out in stronger
language the impropriety of such deviations." By De-
cember 30 the patient was free from abnormal thirst
and polyuria, was regaining some of his lost weight
and felt well. Continuation of treatment with a some-
what more liberal allowance of bread in the diet was
prescribed.

Rollo's second case was an unnamed "General Of-
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TWO CASES OF DIABETES MELLITUS (CURE)

The animal diet used by Rollo in the treatment of Captain Meredith included milk, bread, butter, blood-
puddings, game, old meats, fat, pork etc.

19Note: Marble (1956)

JOHN ROLLO

"Captain Meredith, of the Royal Artillery, being an ac-
quaintance, I had seen him very frequently, previous to his
going on camp duty in 1794, but then he had no disease;
however, he always had impressed me, from his being a
large corpulent person, with the idea that he was not unlikely
to fall into disease. {Editor: Another instance of Rollo's
clinical acuteness.)

"On the 12 th of June, 1796, he visited me, and though
I was at once struck with the diminution of his size, yet,
at the same time, the colour of his face being ruddy, I re-
ceived no impression, otherwise than of his being in health:
a moment's conversation, however, convinced me of the con-
trary. . . .

"He complained of great thirst and a keenness of ap-
petite; his skin was hot, dry and parched; and his pulse
small and quick. He told me his complaints had been at-
tributed to an old disease, and a liver affection. The thirst,
dry skin, and quick pulse, marking a febrile state, depending
probably on some local circumstance, and connecting these
with the keenness of appetite, Diabetes immediately sug-
gested itself to me. I enquired into the state of his urine,
which I found in quantity and colour to be characteristic
of the disease; and was at the same time much surprised,
that for the two or three months he had been under the
care of a Physician and Surgeon, the circumstance of the
increased urine had not been known to them. The patient
told me, as he drank so much, the quantity of urine had
appeared to him a necessary consequence; and of course
never having been asked about it, he gave no information.
I directed him to keep the urine he next passed, and, on
examination, it was found to be sweet; in consequence of
which the disease became sufficiently ascertained."

At another point in the case history, Rollo states
that Captain Meredith was 34 years of age and was
71% inches tall. At the time of beginning of the
special treatment, the symptoms of diabetes had been
present seven months or more and his weight had
fallen from 232 to 162 pounds.

A view held by some at that time was that diabetes
was a primary affection of the kidneys. However,
Rollo developed the idea that the disease was "a
primary and peculiar affection" of the stomach in
which, due to some morbid changes in "the natural
powers of digestion and assimilation," sugar or sac-
charine material was formed in that organ, chiefly from
vegetable matter. It was on this basis that he advo-
cated the use of an animal diet together with certain
medication designed to quiet the overactive stomach
and to diminish the appetite. Following initial blood-
lettings, Rollo's treatment of Captain Meredith was
as follows:

"1st. The diet to consist of animal food principally, and
to be thus regulated:

Breakfast. One and a half pint of milk and half a pint of
lime-water, mixed together; and bread and butter.

Noon. Plain blood-puddings, made of blood and suet only.
Dinner. Game, or old meats, which have been long kept;

and as far as the stomach may bear, fat and rancid old
meats, as pork. To eat in moderation.

Supper. The same as breakfast.
"2dly. A drachm of kali sulphuratum to be dissolved in

four quarts of water which has been boiled, and to be used
for daily drink.

No other article whatever, either eatable or drinkable, to
be allowed, than what has been stated.

"3dly. The skin to be annointed with hog's lard every
morning. Flannel to be worn next the skin. The gentlest
exercise to be only permitted; but confinement to be pre-
ferred.

"4thly. A draught at bed-time of twenty drops of tar-
tarized antimonial wine, and twenty-five of tincture of opium;
and the quantities to be gradually increased. In reserve,
as substances diminishing action, tobacco and foxglove.

"5thly. An ulceration, about the size of half a crown,
to be produced and maintained externally, and immediately
opposite to each kidney. And,

"6thly. A pill of equal parts aloes and soap, to keep the
bowels regularly open."

Captain Meredith began the above treatment on
Oct. 19, 1796. Two days later the quantity of urine
passed in twenty-four hours had fallen from seven or
eight quarts to six quarts. By November 1 the quantity
did not exceed four quarts and on November 4 "he
drank only three pints of water, and made only two
quarts of urine, which to him and his servants (who
had been in the habit of tasting his urine from curios-
ity) was not sweet." As time went on, the opium at
bedtime was discontinued and the rubbing with hog's
lard was left off. The latter was found to be a
"troublesome and disagreeable" part of the treatment.
Rollo decided to simplify therapy to include those
features which were considered really essential: animal
food, confinement with limitation of activity, and hepa-
tized ammonia. The hepatized ammonia (ammonium
sulphide) was used in place of "kali sulphuratum,"
originally prescribed, with the thought that it might
be "a more certain and active medicine than the other
on the stomach, in diminishing its action."

Captain Meredith was directed to keep notes re-
garding his symptoms, diet, medication and progress
of his illness. He did this quite faithfully, recording
his transgressions as well as his attempts at cooperation.
When at times he indulged in apples, bread and
beer, Rollo found it necessary "to point out in stronger
language the impropriety of such deviations." By De-
cember 30 the patient was free from abnormal thirst
and polyuria, was regaining some of his lost weight
and felt well. Continuation of treatment with a some-
what more liberal allowance of bread in the diet was
prescribed.

Rollo's second case was an unnamed "General Of-
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TWO CASES OF DIABETES MELLITUS (CURE)

Rollo suggested that diabetes developed due to morbid changes in stomach involving changes in the 
natural powers of digestion and assimilation, resulting in sugar/saccharine being developed from plants.

20Note: Marble (1956)

JOHN ROLLO
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JOSEF THOMAYER

The work of Rollo was picked up by Josef Thomayer in Prague, then part of the Austro-Hungarian Empire. 
In 1908, he described Rollo’s diet as ”a strict meat diet and a major therapy in most cases of diabetes.”

21Note: Rollo (1797) and Thomayer (1908) in Brož (2006)
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Současné možnosti monitorování glykémie

Úvod
Monitorování glykémie je vedle pravi-

delného vy‰etfiení HbA1c základním pro-
stfiedkem kontroly optimálnosti nastavené
léãby diabetu. Je dostateãnû prokázáno, Ïe
chronické komplikace diabetu souvisí
s mírou a délkou trvání hyperglykémie a Ïe
intenzivní kontrola glykémie vhodnû zvole-
nou léãbou sniÏuje riziko rozvoje dlouho-
dob˘ch komplikací diabetu [1, 2].

Zatímco pro tuto chvíli je HbA1c nástro-
jem více lékafiov˘m, tíha kontroly glyke-
mick˘ch profilÛ leÏí s v˘jimkou pfiípadn˘ch
pobytÛ v nemocnici zcela na pacientovi.

I pfies v˘razn˘ pozitivní posun v kom-
penzaci diabetu, kter˘ pfienosné gluko-
metry a tzv. selfmonitoring pfiinesly, ne-
poskytují ani tyto pfiístroje komplexní 
obraz exkurzí glykémií. Dlouhodob˘ v˘voj
a v˘zkum pfiinesl v posledních letech nov˘
typ zafiízení umoÏÀující podstatnû ãastûj‰í
(z pohledu souãasn˘ch moÏností témûfi
spojité) sledování denních hodnot glyké-
mií. Vidûno prizmatem kontroly glykémie,
lze s mírnou nadsázkou fiíci, Ïe Ïijeme 
v éfie glukometrÛ a stojíme na prahu éry
kontinuálních monitorÛ.

Zajímavé a v dne‰ní dobû snad inspi-
rující je, Ïe základ pro existenci dne‰ních
sofistikovan˘ch pfiístrojÛ poloÏil ãesk˘
vûdec. První elektrochemickou metodu
pouÏívající registraci elektrického proudu
jako mûfiené veliãiny v analytické detekci
– voltametrii (elektroanalytická metoda 
orientovaná na stanovení látek, které lze
oxidovat ãi redukovat) – objevil v roce 
1922 Jaroslav Heyrovsk˘. Tato metoda
byla podstatou jím pozdûji vyvinuté pola-
rografie (1924), za kterou v roce 1959 zís-
kal Nobelovu cenu.

Struãnû z historie 
Souãasné moÏnosti terapie i její kon-

troly s vyuÏitím moderních technologií
a pfiedev‰ím rychlost, se kterou jsou vyví-
jeny a zpfiístupÀovány, více vyniknou
v porovnání s moÏnostmi léãby pfied sto
lety. Pro zajímavost krátk˘ text z Thomay-
erovy uãebnice vnitfiního lékafiství vydané
v roce 1909: 

„Léãení. Rollo doporuãil v r. 1797 pfii
diabetu pfiísnou masitou stravu. Tohoto
druhu dieta je dodnes hlavním terapeutic-
k˘m v˘konem na‰ím pfii nemoci této. Pfii
masité stravû ve veliké vût‰inû pfiípadÛ
mnoÏství vylouãeného cukru se zmen‰í,
v mnoh˘ch pak pfiípadech úplnû z moãi
vymizí. Jísti tedy smí ãisté masité polévky,
v‰eho druhu maso, máslo, slaninu (ponû-

vadÏ diabetik nemá tratiti na váze a chfiad-
nouti, jelikoÏ by si Ïivot ohrozil, má zejmé-
na úãast másla a tukÛ v potravû b˘ti pokud
moÏno znaãná), vejce, s˘r, ãistou smeta-
nu, rosoly, ofiechy, houby, mandle, smí píti:
kávu neslazenou ãistou ãi se smetanou,
podobná thé, trpká vína (napfi. rakouská),
minerální vody, dále smí jísti takové zele-
niny, které neobsahují cukry (‰penát, 
okurky, chfiest), v malém mnoÏství mrkev,
jahody a maliny. Pfii takovéto dietû se v‰ak
nemocnému obyãejnû po mouãné potra-
vû zasteskne.“ [3]

V té dobû byla kontrola léãby odkázána
pouze na semikvantitativní nemocniãní 
stanovení odpadu glukózy do moãi, které
mÛÏeme v tomto ohledu povaÏovat za 
historick˘ ekvivalent sledování hodnot gly-
kémie, pacient sám Ïádn˘ kontrolní mecha-
nismus k dispozici nemûl. Principiálnû prv-
ní mûfiení glykosurie pouÏil v roce 1780 ve
formû fermentaãního testu, kter˘ sám vyvi-
nul, skotsk˘ lékafi Francis Home [4].

MoÏnost rutinního stanovení koncentra-
ce glukózy v krvi se objevila mezi svûtov˘mi
válkami, byla ov‰em vázána na laboratofi,
tedy na dostupnost vût‰ího nemocniãního
zafiízení. V bûÏném Ïivotû kontroloval pa-
cient nastavení léãby stále vy‰etfiováním 
glykosurie. Nepraktické chemické zkou‰-
ky (objevené v první polovinû 19. století 
Fehlingem) byly postupnû vystfiídány pre-
fabrikovan˘mi tabletov˘mi a v dal‰ím kroku
posléze papírkov˘mi testy [4].

Zásadním krokem znamenajícím posun
kontroly v˘sledkÛ léãby smûrem k dne‰-
nímu stavu bylo v roce 1965 dokonãení
v˘voje prvního pfienosného pfiístroje Ames
Dextrostix (E. C. Adams). Na prouÏek byl
kápnut vzorek krve, po 60 sekundách

prudce spláchnut proudem vody a v˘sled-
né zbarvení pacient porovnal s pfiiloÏenou
barevnou ‰kálou. V˘sledkem byla pfiibliÏ-
ná hodnota glykémie. První glukometr vy-
vinut˘ A. H. Clemensem (Ames Reflectan-
ce Meter, obr. 1) byl patentován v roce
1971. Pfiístroj navazoval na typ Dextrostix,
av‰ak odeãet v˘sledné hodnoty koncent-
race glukózy jiÏ nebyl provádûn subjektiv-
nû pacientem, ale byl stanoven pfiístrojovû
fotometrickou metodou. Tento glukometr
mûfiil glykémie v rozpûtí 0,6–22 mmol/l, byl
napájen ze sítû a pfied pouÏitím  bylo tfie-
ba 30minutové „zahfiátí“ [5].

Metody pouÏívané 
ke stanovení koncentrace

glukózy
V historii byla vyuÏita celá fiada technik

vy‰etfiení koncentrace krevního cukru. Spo-
leãn˘m jmenovatelem první skupiny metod
moderní éry je fotometrick˘ princip, kdy je
veliãina stanovena nepfiímo jako barevn˘
v˘sledek detekce produktu reakce glukó-
zy s pfiíslu‰n˘mi látkami (tab. 1) [6, 7].

MoÏnost kontroly glykémie pacientem,
kdekoliv je tfieba, byla umoÏnûna nejenom
rychlou miniaturizací v elektrotechnice
a vznikem pfienosn˘ch mûfiicích pfiístrojÛ –
glukometrÛ, ale zejména v˘vojem tzv.
suché metody stanovení glukózy, kdy byly
reagující látky stabilizovány do suché vrst-
vy a naneseny na testaãní prouÏky v podo-
bû, jak je známe dnes.

První typy glukometrÛ vyuÏívaly nûkte-
rou z fotometrick˘ch cest stanovení kon-
centrace krevního cukru, dne‰ní gluko-
metry vyuÏívají jiÏ prakticky v‰echny tzv.
elektrochemické metody detekce se spe-
cifick˘mi enzymatick˘mi metodami [8]. 

16•2•2006

Souãasné moÏnosti monitorování glykémie
MUDr. Jan Brož 
2. interní klinika FNKV a 3. LF UK Praha

Tab. 1 CHEMICKÉ METODY DETEKCE GLUKÓZY

metoda princip reakce detekãní ãinidlo poznámka

Hagedorn-HalstrŒm-Jensen redukce ferrikyanidu jodometrické 
stanovení

Hovorková, Krajtl redukce ferrikyanidu berlínská modfi

Foli, Wu redukce mûìnaté soli kys. fosfomolybdenová

Somogyi, Nelson redukce mûìnaté soli kys. arsenomolybdenová

Benedict redukce mûìnaté soli v˘sledn˘ oxid mûìn˘ v alkalickém 
prostfiedí

o-toludinová metoda glukóza + o-toludin v kyselém 
prostfiedí, kancerogen

anthronová metoda rozklad hexóz siln˘mi fenoly, aminy
kyselinami
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elektrochemické metody detekce se spe-
cifick˘mi enzymatick˘mi metodami [8]. 

16•2•2006

Souãasné moÏnosti monitorování glykémie
MUDr. Jan Brož 
2. interní klinika FNKV a 3. LF UK Praha

Tab. 1 CHEMICKÉ METODY DETEKCE GLUKÓZY

metoda princip reakce detekãní ãinidlo poznámka

Hagedorn-HalstrŒm-Jensen redukce ferrikyanidu jodometrické 
stanovení

Hovorková, Krajtl redukce ferrikyanidu berlínská modfi

Foli, Wu redukce mûìnaté soli kys. fosfomolybdenová

Somogyi, Nelson redukce mûìnaté soli kys. arsenomolybdenová

Benedict redukce mûìnaté soli v˘sledn˘ oxid mûìn˘ v alkalickém 
prostfiedí

o-toludinová metoda glukóza + o-toludin v kyselém 
prostfiedí, kancerogen

anthronová metoda rozklad hexóz siln˘mi fenoly, aminy
kyselinami

https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf
http://www.remedia.cz/910.magarticleprintversion.ashx


JOSEF CHARVAT

At about the same, the founder of Czechoslovakian endocrinology, Josef Charvat, designed his slimming 
diet, which contained 60g CHO, 40g FAT and 70g PRO. He used it successfully in diabetes and obesity.

22Note: Krejčí (2018), Hainer (2011)

1Obezita v historii lidstva

9

1.8 Historie chirurgické léčby obezity

Chirurgická léčba obezity v minulosti spočívala v exstirpaci tukové tkáně. Provedením 
 jejunoileálního by-passu zahájil v roce 1954 A. J. Kremen éru gastrochirurgie v léčbě 
těžké obezity. Operace vyvolávající závažné malabsorpční příznaky byly v sedmdesá-
tých letech minulého století opuštěny a nahrazeny operacemi, které redukují objem 
žaludku. První  restrikční operaci žaludku popsal v roce 1970  E. E. Mason, průkopní-
kem  laparoskopické bandáže žaludku nejen u nás, ale i ve světě byl pak v devadesátých 
letech  M. Fried. Významným přínosem s ohledem na účinnost léčby i poznání pato-
fyziologie regulace příjmu potravy byly studie, které demonstrovaly po  žaludečním 
by-passu a  biliopankreatické diverzi ovlivnění sekrece  hormonů gastrointestinálního 
traktu (inzulinu, amylinu, GLP-1 a PYY), které napomáhá k udržení hmotnostní 
redukce a úpravě inzulinorezistence, resp. k vyléčení diabetu. V uplynulých letech 
se prokázalo, že  bariatrické operace nejenom významně přispívají ke snížení kardio-
metabolických rizik, ale snižují i mortalitu vysoce rizikových pacientů.

V posledních několika letech se v léčbě těžké obezity vedle bariatrické chirurgie 
hovoří také o tzv.  metabolické chirurgii, jejímž cílem je léčit metabolické poruchy, 
především diabetes, a to nejenom u pacientů s těžkou obezitou. Na přelomu tisíciletí 
se začaly v léčbě obezity uplatňovat též mikrochirurgické postupy, jako je stimulace 
žaludeční stěny pomocí stimulátoru („žaludeční pacemaker“).

1.9 Historie obezitologie v České republice

Zakladatel českého vnitřního lékařství prof.  Th omayer charakterizoval v roce 1893 
obezitu jako „stav, kdy chorobné hromadění tuku nastati musí dílem přílišnou pro-
dukcí téhož, dílem též nedostatečným rozkladem“. V roce 1900 vydal doc.  Mladějovský, 
lázeňský lékař v Mariánských Lázních, publikaci O významu léčení lázeňského při 
otylosti, dně a cukrovce.  Lázeňská léčba v Mariánských Lázních, Karlových Varech 
a Dolní Lipové využívala jednak projímavého účinku salinických minerálních vod, 
jednak hydroterapie a cvičení (Křížek, 1987).

V roce 1922 popsal profesor pražské lékařské fakulty  A. Biedl  syndrom adipozo-
genitální dystrofi e s mentální retardací, polydaktylií, tapetoretinální degenerací a anál-
ní atrézií, označovaný dnes jako  Bardetův-Biedlův syndrom (Biedl, 1922). Před téměř 
80 lety navrhl profesor  Josef Charvát redukční dietu.  Charvátova dieta má energetický 
obsah 3700–4200 kJ a obsahuje 70 g bílkovin, 60 g sacharidů a 40 g tuků. Charvát 
ve své dietě doporučuje 100 g libového hovězího masa, 80 g libové šunky, 1 suchar, 
2 vejce, 100 g brambor, 200 g ovoce, 300 g zeleniny, 10 g másla a 100 g mléka. Ve 
své době tato dieta bezpochyby představovala moderně koncipovanou dietoterapii 
obezity. Dnes bychom měli výhrady k vyššímu obsahu cholesterolu a nižšímu obsahu 
sacharidů v této dietě.

Centrem experimentálního i klinického výzkumu obezity byl od padesátých let 
Ústav pro výzkum výživy lidu v Praze vedený prof.  J. Maškem. Soustředili se zde 
přední odborníci v oblasti výživy, kteří se zabývali i problematikou obezity (dr. Fábry, 
doc.    Doberský, dr.  Hejda, dr.  Ošancová a prof.  Rath). Po úspěšné organizaci Mezi-
národního kongresu o výživě koncem šedesátých let byl však krčský ústav výživy 
počátkem sedmdesátých let neuváženě zrušen.

Základy klinické obezitologie.indd   9 15.3.2011   22:30:51
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Úvod
Nízkosacharidová strava není v  léčbě diabetu novin-
kou. V předinzulinové éře byla jednou z prvních léčeb-
ných metod diabetu. Také u nás byla používána v léčbě 
obezity a  diabetu zakladatelem české endokrinologie 
prof. J. Charvátem. S rozšířením farmakologických mož-
ností léčby diabetu a  zejména pak s  přijetím doporu-
čení snížení příjmu tuků a cholesterolu v prevenci kar-
diovaskulárních onemocnění byla postupně opuštěna 
a upadla v zapomnění. 

I přes současnou širokou nabídku farmakologické 
léčby a  dostupné moderní technologie zůstává dietní 
léčba základní podmínkou uspokojivé kompenzace dia-
betu. Nejmodernější léky, technologie ani intenzivní fy-
zická aktivita nepřeváží důsledky nevhodné stravy. Tra-
diční diabetická dieta, v  níž sacharidy tvoří hlavní část 

energetického příjmu, vyžaduje jejich počítání a hlídání 
množství i kvality, pokud má vést k výborné kompenzaci 
diabetu. Uspokojivých výsledků dosahuje také vegeta-
riánská strava, pokud je postavená na konzumaci celo-
zrnných obilovin, luštěnin, zeleniny a ovoce [1,2]. Vege-
tariánství je však přijatelné jen pro menšinu pacientů 
a tradiční dobře míněné doporučení jíst vše, ale s mírou, 
je u řady diabetiků bohužel obtížně udržitelné a snadno 
sklouzává v konzumaci všeho, ale v nepřiměřené míře.

Nízkosacharidová strava nyní zažívá svou renesanci 
v léčbě epilepsie, u které byla používána už ve 20. letech 
minulého století a podobně jako u diabetu ustoupila do 
pozadí s  příchodem moderních antiepileptik. U  někte-
rých nemocných, zvláště v dětském věku, jsou však anti-
epileptika neúčinná, zato dobře reagují na nízkosachari-
dovou stravu, zejména její ketogenní variantu [3]. Proto se 
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Souhrn
V odborné literatuře přibývají informace o pozitivních výsledcích nízkosacharidové stravy v léčbě diabetu, predia-
betu, metabolického syndromu a obezity ve formě randomizovaných studií, jejich metaanalýz i případových studi-
ích. Mnohé z nich svědčí pro bezpečnost nízkosacharidové stravy, možnost výrazného zlepšení kompenzace obou 
hlavních typů diabetu i celkového zdravotního stavu diabetika. Při úspěšné léčbě tato strava vede k redukci zvý-
šené hmotnosti, redukci farmakologické léčby a v některých případech diabetu 2. typu také k navození remise. 
Přesto je nízkosacharidová strava v české diabetologii zatím popelkou, opředenou obavami zejména z hlediska své 
bezpečnosti. Článek je souhrnem dosavadních poznatků o nízkosacharidové stravě, jejích výhod, rizik i kontraindi-
kací a rád by otevřel diskusi o jejím využití jako jedné z možností dietní léčby diabetiků.

Klíčová slova: diabetes mellitus – ketogenní dieta – metabolický syndrom – nízkosacharidová strava – obezita 

Low-carbohydrate diet in diabetes mellitus treatment
Summary
There has been an increasing amount of information about the positive results of low-carbohydrate diet in the treatment 
of diabetes, pre-diabetes, metabolic syndrome and obesity in the form of randomized trials, their meta-analysis and 
case studies. Many of these indicate that low carbohydrate diets are safe, could significantly improve the compen-
sation of both types of diabetes and the overall health of the diabetic patients. In successful therapy, this diet leads 
to weight loss, lower medication doses or prescribing, and in some cases of type 2 diabetes also to remission. How-
ever, the low carbohydrate diet is not recognized in Czech diabetology, and concerns remain particularly about its 
safety. This article is a summary of the current knowledge about low-carbohydrate diet, its benefits, risks and con-
traindications, and aims to initiate a discussion about its use as one of the options for dietary treatment of diabetics.

Key words: diabetes mellitus – ketogenic diet – low-carbohydrate diet – metabolic syndrome – obesity
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https://download.dibuk.eu/preview/index.php?/6506/pdf


FROM 1797 TO 2019

Rollo’s basic concept of an animal diet made it through two centuries all the way to an animal food based 
ketogenic diet, picked up some non-starchy vegetables and demonstrated great results for T2D remission. 

23Note: Rollo (1797), Athinarayanan (2019)

Rollo 1797 Thomayer 1908 Wilder 1922 Athinarayanan 2019

https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf
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https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf
https://www.frontiersin.org/articles/10.3389/fendo.2019.00348/full


BARIATRIC SURGERY

As of 1950s, surgeons began to notice that weight loss surgery had a positive effect on glycaemic control 
and T2D remission, believed to be the result of weight loss. First ”bariatric remission” RCTs came in 2000s. 

25Note: Rollo (1797), Athinarayanan (2019)

animal diet ketogenic dietstrict meat diet

bariatric surgery

Rollo 1797 Thomayer 1908 Wilder 1922 Athinarayanan 2019

https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf
https://www.frontiersin.org/articles/10.3389/fendo.2019.00348/full


LOW ENERGY DIETS

Beginning in 2011, a series of experiments with low energy formula diets eventually led to excellent 
weight loss and T2D remission results in the DiRECT trial – 36% remission rate at Year 2. 

26Note: Rollo (1797), Athinarayanan (2019)

animal diet ketogenic dietstrict meat diet

bariatric surgery

Rollo 1797 Thomayer 1908 Wilder 1922 Athinarayanan 2019
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https://ia802703.us.archive.org/19/items/b21469179_0002/b21469179_0002.pdf
https://www.frontiersin.org/articles/10.3389/fendo.2019.00348/full
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4 Key measures en route to remission



KEY MEASURES

While markers of glycaemic control will be key in terms of criteria for remission, there are other important 
markers which can help fine tune the progress towards remission. 

28Note: JV

• fasting plasma glucose

• postprandial glucose 

• HbA1c

• 2h OGTT

• glycaemic variability

• hypoglycaemic events

• beta-hydroxybutyrate

GLYCAEMIC CONTROL

• total cholesterol

• LDL-c

• LDL-p

• small LDL-p

• ApoB

• triglycerides

• HDL-c

LIPID PROFILE

• weight

• waist circumference

• waist/hip ratio

• % muscle mass

• % body fat

• % ectopic fat (liver, pancreas)

WEIGHT/BODY COMPOSITION

OTHER

• medicaWon

• quality of life



KEY MEASURES

An example of some of the cardiovascular risk factors tracked by Virta Health. 

29Note: Bhanpuri (2018)

Page 11 of 16Bhanpuri et al. Cardiovasc Diabetol  (2018) 17:56 

in a usual care population (Additional file 3: Figure S1). 
Thus, these results counter the concern that a significant 
portion of participants may have an extremely adverse 
reaction to the CCI (due to presumed increase in satu-
rated fat intake) as compared to UC.

Inflammation is directly involved in all aspects of the 
pathogenesis of CVD [33]. High-sensitivity CRP and 
WBC count are widely accepted markers of inflammation 

and risk factors for CVD [29–32]. In addition to reducing 
cholesterol, reduction in inflammation may be a second-
ary mechanism of statins in lowering CVD risk [63–65]. 
The present study demonstrated a 39% reduction of 
hsCRP and 9% reduction in WBC count in the CCI, indi-
cating a significant reduction in inflammation at 1 year. 
This response may be due in part to suppression of the 
NLRP3 inflammasome by BHB [66].

Fig. 1 Change in biomarkers for CCI group. Bars indicate CCI group mean percent change in biomarkers based on the intention-to-treat analysis 
with missing values imputed. Percent change is computed as the change in mean values from baseline to 1 year divided by the mean baseline 
value. Percent change = 100 ×  [(1 year value − baseline value)/(baseline value)]. Negative values indicate a decrease from baseline to 1 year while 
positive values indicate an increase. The ** symbol after the biomarker label indicates a statistically significant within group change from baseline 
(P < 0.0019, P adjusted for multiple comparisons). Error bars represent ± SE. SE as Percent = 100 × [(1 year value SE)/(baseline value)]
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5 Digital era



THE OLD DAYS

Back in the day, people could find books and scientific papers in libraries. Finding the right paper at the 
right time used to be a little more complicated than using Google from your bed. 

31Note:



THE OLD DAYS

The problem was not that valuable information was not written or published – the challenge often was to 
be able to access it at the right time and make sense of the conflicting pieces of advice.

32Note: Wilder (1922), Eades (2001)

https://ia601408.us.archive.org/16/items/aprimerfordiabe00wildgoog/aprimerfordiabe00wildgoog.pdf
https://www.amazon.co.uk/dp/0446678678


THE OLD DAYS

Measuring blood glucose was not always as cheap and simple as it is today. Reportedly, you had to marry 
a medical doctor to be able to measure your blood glucose.  

33Note: Wil (2010)

http://lifeafterdx.blogspot.com/2010/10/ames-eyetone-trophy-for-writing.html


VIRTA HEALTH

Recently, Virta Health offered a remote continuous care intervention enabling patients to closely track 
important measures, access information and their clinical team every day. 

34Note: Virta Health (2019)

https://www.virtahealth.com/


VIRTA HEALTH

Recently, Virta Health offered a remote continuous care intervention enabling patients to closely track 
important measures, access information and their clinical team every day. 

35Note: Apple (2019)

https://apps.apple.com/us/app/virta-health/id1164603213


VIRTA HEALTH

Recently, Virta Health offered a remote continuous care intervention enabling patients to closely track 
important measures, access information and their clinical team every day. 

36Note: Apple (2019)

https://apps.apple.com/us/app/virta-health/id1164603213


DIABETES.CO.UK

One of the largest diabetes forums/communities in the World, Diabetes.co.uk, hosts a Low Carb Program, 
a digital intervention designed to help users to improve health with a low carbohydrate diet. 

37Note: Diabetescouk (2019)

https://www.lowcarbprogram.com/?pid=3&rid=1&sl=false


DIETDOCTOR

The Dietdoctor website contains probably everything (and more) about low carbohydrate lifestyle. Some 
medical doctors even suggested closing their clinic and directing patients there. 

38Note: Dietdoctor (2019)

https://www.dietdoctor.com/diabetes


KEYTO

Earlier this year, Keyto started offering a simple non-invasive method to test breath ketone levels, and 
track progress in an online community setting. Offers advice on ketogenic diet, incl. plant-based.

39Note: Keyto (2019)

https://getkeyto.com/keto-diet/


1. Rapid access to important information and guidance

2. Access to advice from experienced professionals

3. Ability to measure, track, respond, adapt

4. Social aspects – we are in this together

5. Access to troubleshooting advice 

KEY BENEFITS

The key benefits of technology all contribute to better results and greater sustainability of lifestyle 
changes. 

40Note: JV

RESULTS AND SUSTAINABILITY
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6 Medications



PRESCRIBING AND DEPRESCRIBING

Low carbohydrate diets and also weight loss require a careful consideration of medications to ensure that 
undesirable side effects can be avoided. 

42Note: Murdoch (2019)

INTRODUCTION
The pathological changes associated with 
type 2 diabetes (T2D) can be reversed through 
lifestyle measures, in some cases leading to 
remission.1 The low carbohydrate diet (LCD) 
is recognised as an effective option that is 
clinically inexpensive with few side effects.2 
Many patients are achieving significant 
improvements in glycaemic control, with 
associated reduction in drug costs from 
cessation of hypoglycaemic agents.3 Digital-
technology behaviour change solutions for 
T2D remission are being delivered at scale.4 
Primary care clinicians need to be competent 
to adjust diabetes medications appropriately 
in individuals who follow an LCD. 

THE LCD IN TYPE 2 DIABETES
An LCD comprises <130 g of digestible 
carbohydrates per day.5 Digestible 
carbohydrate refers to sugars and complex 
carbohydrates such as starch, which is 
digested to glucose. Aligned with national 
guidance, carbohydrate choices in an LCD 
will typically be higher fibre and low glycaemic 
index (GI).6 Reduced total carbohydrate 
ingestion and low GI choices give the LCD a 
low glycaemic load (GL). In T2D the GI and GL 
of food consumed is a determinant of blood 
glucose level and thus the requirement for 
hypoglycaemic medication.

DIABETES MEDICATIONS AND AN LCD
Blood glucose levels typically fall substantially 
when an individual adopts an LCD. This article 
discusses key considerations regarding 
hypoglycaemic medications for an LCD and 
provides practical suggestions to prescribers. 
The recommendations are developed from 
the experience of the authors, discussion with 
experts, and the pharmacodynamics of the 
medications. Antihypertensive medications 
are not discussed in this article but clinicians 
need to be aware that an LCD can improve 
blood pressure, and antihypertensives may 
need to be adjusted.

When deciding the safety and 
appropriateness of T2D medications 

with an LCD there are three key clinical 
considerations: Is there a risk of the drug 
causing hypoglycaemia or other adverse 
event?; What is the degree of carbohydrate 
restriction?; Once carbohydrate is reduced 
does the drug continue to provide health 
benefit, and if so are the potential drug 
benefits greater than or less than possible 
risks and side effects?

MEDICATIONS THAT CREATE A RISK OF 
HYPOGLYCAEMIA
Sulphonylureas and meglitinides
Sulphonylureas (for example, gliclazide) 
and meglitinides (for example, repaglinide) 
should be reduced or stopped when an LCD 
is commenced. An initial dosage reduction 
of at least 50% is typically appropriate, with 
further reductions according to blood glucose 
response. There may be a period of short-
term hyperglycaemia while the individual 
adapts to an LCD.

Insulins
Practical expertise suggests a 50% reduction 
of daily insulin dose at initiation of the LCD 
is appropriate in most cases. In individuals 
whose HbA1c is markedly elevated, a 
smaller reduction of perhaps 30% may be 
appropriate, with further reductions over time. 
For individuals on a basal-bolus regimen it is 
preferential to reduce or stop bolus insulin. In 
individuals on a mixed insulin or basal insulin 
alone each dose can be reduced by 30–50% 
at the start of LCD. Some patients can expect 
to come off insulin completely, over days 
or months, as insulin resistance resolves. 
Improving blood glucometer readings can 
guide the down-titration of insulin.

It should be cautioned that some patients 
may have an insulin insufficiency form of 
diabetes, such as latent autoimmune 
diabetes of adults. Although the LCD enables 
a reduction in insulin dosage it should not be 
completely stopped in this cohort of patients. 
Endogenous insulin insufficiency is more 
likely in patients who were not overweight at 
the time of diagnosis of diabetes, and it may be 
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PRESCRIBING AND DEPRESCRIBING

While dose of some medications will need to be reduced, some medications are better stopped altogether 
in order to prevent hypoglycaemia, diabetic ketoacidosis or falls due to too low blood pressure. 

43Note: Murdoch (2019), Krejci (2017)
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present in some with longstanding T2D. Over-
reduction in insulin dosage in these patients 
would lead to significant hyperglycaemia, 
and thus further dosage reduction would be 
avoided. It is recommended that additional 
investigation and expert advice is sought in 
cases of doubt as per good medical practice.

MEDICATIONS THAT RISK KETOACIDOSIS
SGLT2 inhibitors (‘flozins’)
These carry a risk of causing ketoacidosis if 
a patient has significant insulin insufficiency, 
with any diet. SGLT2i-induced ketoacidosis 
may occur with a normal blood glucose, which 
heightens the risk of the life-threatening 
condition going unrecognised. Consider the 
possibility of insulin insufficiency, including 
in those who could have been misdiagnosed 
with T2D. In a community setting, for safety 
and simplicity, it may be appropriate for 
most patients to stop their SGLT2i when an 
LCD is initiated. This removes the SGLT2i-
induced ketoacidosis risk, and additionally the 
effectiveness of the LCD means the benefit 
of a SGLT2i is diminished. (Note: a very LCD, 
typically <30–50 g carbohydrate/day, can 
produce a physiologically normal state of 
ketosis, which should not be confused with 
the pathological state of ketoacidosis.)

MEDICATIONS THAT POSE NO EXCESS 
RISK WITH AN LCD
Metformin
This is safe to continue and in some patients 

metformin continues to offer favourable 
benefits. Up to 25% of patients experience 
gastrointestinal side effects from metformin.

GLP-1 agonists (‘-enatide’, ‘-glutide’)
These are safe to continue, with the beneficial 
actions of increased satiety and slowed 
gastric emptying, and possibly cardiovascular 
benefit. With a sustained LCD patients may be 
able to stop their GLP-1 agonist.

Thiazolidinediones (‘glitazones’)
These are safe to continue from a short-
term perspective. Concerns exist over their 
long-term safety including: bladder cancer, 
heart failure, and bone mineral density. 
Thiazolidinediones are also known to cause 
weight gain. It is recommended to stop 
thiazolidinediones as soon as blood glucose 
levels allow.

DPP-4 inhibitors (‘gliptins’)
These are safe to continue. However, clinical 
experience agrees that these seem to have 
little blood glucose-lowering effect in the 
context of an LCD.

Acarbose
This is safe to continue. But, on commencing 
an LCD the reduced starch ingestion means 
the patient can usually stop acarbose.

Blood glucose testing strips
Structured self-monitoring of blood glucose, 
such as paired pre- and post-meal testing, 
can be very helpful by providing rapid feedback 
on how foods affect blood glucose as a 
patient adopts an LCD, and to inform whether 
medication doses can be reduced further. 
Patients on drugs that risk hypoglycaemia 
should have access to adequate testing strips.

CONCLUSION
The LCD is an increasingly popular option for 
managing T2D that can lead to improvements 
in the condition, reduced medication burden, 
and (where needed) weight loss. Primary care 
clinicians need to be competent in adjusting 
diabetes medications to achieve safe and 
effective care (Box 1).
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Box 1. Summary guidance on adapting diabetes medication for low 
carbohydrate management of type 2 diabetes
Drug group Hypo risk? Clinical suggestion

Sulphonylureas (for example,  Yes Reduce/stop (if gradual carbohydrate reduction then wean by 
gliclazide) and meglitinides  halving dose successively) 
(for example, repaglinide)

Insulins Yes Reduce/stop. Typically wean by 30–50% successively. Beware 
  insulin insufficiencya

SGLT2 inhibitors (flozins) No Ketoacidosis risk if insulin insufficiency. Usually stop in 
  community setting

Biguanides (metformin)  No Optional, consider clinical pros/cons 

GLP-1 agonists (-enatide/-glutide) No Optional, consider clinical pros/cons

Thiazolidinediones (glitazones) No Usually stop, concerns over long-term risks usually outweigh 
  benefit

DPP-4 inhibitors (glipitins) No Usually stop, due to lack of benefit

Alpha-glucosidase inhibitors No Usually stop, due to no benefit if low starch/sucrose 
(acarbose)  ingestion

Self-monitoring blood glucose N/A Ensure adequate testing supplies for patients on drugs that risk 
  hypoglycaemia. Testing can also support behaviour change 
  (for example, paired pre- and post-meal testing)
aCaution should be taken when reducing insulin if there is clinical suspicion of endogenous insulin insufficiency 
(Patients with LADA misdiagnosed as T2D; a minority of T2 patients have endogenous insulin deficiency). Consider 
these possibilities if patient was not overweight at diagnosis. Exogenous insulin should not be completely 
stopped in these cases. Inappropriate over-reduction of exogenous insulin will lead to marked hyperglycaemia. 
Hypo = hypoglycaemia. LADA = latent autoimmune diabetes in adults. T2D = type 2 diabetes.
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REAL WORLD DATA

The best results can usually be achieved by actively measuring progress and responding accordingly, for 
example by gradually adding the right type of exercise as appropriate.

45Note: Noakes (2017)

http://amzn.eu/d/2R015Br


“I am very grateful to my doctor – an excellent coach 
and a great person – and also to social media. 
Without Facebook, it might have taken me a few extra 
weeks or months to find out everything I needed to 
know about LCHF.”

OPTIMISING ALONG THE WAY

Newly diagnosed patients are more likely to search online, including on social media, to figure out the 
best options available to them. They are happy to ditch standard advice and go for remission instead.

46Note: Dietdoctor (2017), Neslazeno (2017)

https://www.dietdoctor.com/i-feel-great
https://www.neslazeno.cz/citim-se-skvele/


IMPROVEMENTS WITHOUT WEIGHT LOSS

Skytte (2019) explored if HbA1c and liver fat can be lowered by a dietary change independent of weight 
loss.

47Note: Skytte (2019)
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Abstract
Aims/hypothesis Dietary recommendations for treating type 2 diabetes are unclear but a trend towards recommending a diet
reduced in carbohydrate content is acknowledged. We compared a carbohydrate-reduced high-protein (CRHP) diet with an iso-
energetic conventional diabetes (CD) diet to elucidate the effects on glycaemic control and selected cardiovascular risk markers
during 6 weeks of full food provision of each diet.
Methods The primary outcome of the study was change in HbA1c. Secondary outcomes reported in the present paper include
glycaemic variables, ectopic fat content and 24 h blood pressure. Eligibility criteria were: men and women with type 2 diabetes,
HbA1c 48–97mmol/mol (6.5–11%), age >18 years, haemoglobin >6/>7mmol/l (women/men) and eGFR >30ml min−1 (1.73m)−2.
Participants were randomised by drawing blinded ballots to 6 + 6 weeks of an iso-energetic CRHP vs CD diet in an open label,
crossover design aiming at body weight stability. The CRHP/CD diets contained carbohydrate 30/50 energy per cent (E%), protein
30/17E% and fat 40/33E%, respectively. Participants underwent a meal test at the end of each diet period and glycaemic variables,
lipid profiles, 24 h blood pressure and ectopic fat including liver and pancreatic fat content were assessed at baseline and at the end of
each diet period. Data were collected at Copenhagen University Hospital, Bispebjerg and Copenhagen University Hospital, Herlev.
Results Twenty-eight participants completed the study. Fourteen participants carried out 6 weeks of the CRHP intervention
followed by 6 weeks of the CD intervention, and 14 participants received the dietary interventions in the reverse order. Compared
with a CD diet, a CRHP diet reduced the primary outcome of HbA1c (mean ± SEM: −6.2 ± 0.8 mmol/mol (−0.6 ± 0.1%) vs −0.75
± 1.0 mmol/mol (−0.1 ± 0.1%); p < 0.001). Nine (out of 37) pre-specified secondary outcomes are reported in the present paper,
of which five were significantly different between the diets, (p < 0.05); compared with a CD diet, a CRHP diet reduced the
secondary outcomes (mean ± SEM or medians [interquartile range]) of fasting plasma glucose (−0.71 ± 0.20 mmol/l vs 0.03 ±
0.23 mmol/l; p < 0.05), postprandial plasma glucose AUC (9.58 ± 0.29 mmol/l × 240 min vs 11.89 ± 0.43 mmol/l × 240 min;
p < 0.001) and net AUC (1.25 ± 0.20 mmol/l × 240 min vs 3.10 ± 0.25 mmol/l × 240 min; p < 0.001), hepatic fat content (−2.4%
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12 weeks (2 x 6 weeks in a crossover design)

30 subjects

A) Carbohydrate-reduced high protein diet (CRHP) - CFP 30:40:30

vs

B) Control diet (CD) - CFP 50:33:17

Primary outcome: glycated haemoglobin (HbA1c)

IMPROVEMENTS WITHOUT WEIGHT LOSS

In terms of macronutrient composition, the experimental diet was compared to a ”standard healthy 
balanced diet”.

48Note: Skytte (2019)

https://www.ncbi.nlm.nih.gov/pubmed/31338545/


IMPROVEMENTS WITHOUT WEIGHT LOSS

The experimental diet resulted in greater improvements of HbA1c and fasting triglycerides. 

49Note: Fig 2 in Skytte (2019)

pre-specified secondary outcomes: fasting plasma glucose,
postprandial plasma glucose and hepatic and pancreatic fat
content. Remaining secondary outcomes, i.e. 24 h blood pres-
sure, muscle adipose tissue, VAT or SAT, revealed no differ-
ences between diets. As exploratory analyses, we found that a

CRHP diet lowered total cholesterol, non-HDL-cholesterol
and fasting triacylglycerol to a greater extent than a CD diet,
indicating improved atherogenic lipid profile following carbo-
hydrate restriction. However, these findings must be
interpreted with caution due to their exploratory nature.

Table 3 Postprandial responses to MMTs and assessment of diurnal urinary biomarkers

Variable CRHP diet
End of treatment

CD diet
End of treatment

Between diets

Postprandial variablesa n p value

Glucose AUC (mmol/l × 240 min) 9.58 (±0.29) 11.89 (±0.43) 28 <0.001

Glucose net AUC (mmol/l × 240 min) 1.25 (±0.20) 3.10 (±0.25) 28 <0.001

Insulin AUC (pmol/l × 240 min) 239 (183 to 356) 260 (174 to 364) 28 <0.05

Insulin net AUC (pmol/l × 240 min) 173 (128 to 239) 195 (112 to 273) 28 <0.05

C-peptide AUC (pmol/l × 240 min) 2279 (±137) 2521 (±185) 28 <0.05

C-peptide net AUC (pmol/l × 240 min) 1335 (±97) 1585 (±151) 28 <0.05

NEFA AUC (pmol/l × 240 min) 352 (302 to 378) 390 (295 to 483) 28 <0.05

NEFA net AUC (pmol/l × 240 min) −248 (−348 to −182) −220 (−318 to −130) 28 <0.05

Triacylglycerol AUC (mmol/l × 240 min) 1.45 (±0.08) 2.09 (±0.21) 28 <0.001

Triacylglycerol net AUC (mmol/l × 240 min) 0.22 (±0.03) 0.33 (±0.05) 28 0.109

24 h urine sampleb

Urea (mmol/24 h) 975.7 (±58.8) 535.7 (±27.5) 27 <0.001

Glucose (mmol/24 h) 1.3 (0.7 to 42.6) 5.7 (1.1 to 132.1) 27 0.165

Albumin (mg/24 h) 8.7 (2.2 to 18.4) 11.1 (2.9 to 22.8) 27 0.305

Albumin/Creatinine (mg/g) 4.8 (1.6 to 10.8) 7.1 (2.1 to 12.5) 27 0.262

Data are presented as means (±SEM) or medians (interquartile range)

For all data a linear mixed effects model was used to evaluate weight change-adjusted differences in treatment effect between diets
a Postprandial variables derived from mixed meal testing comparing a solid CRHP diet to a solid CD diet after 6 weeks of CRHP and CD dietary
treatment, respectively
b Twenty-four-hour urinary biomarkers were assessed after 4 weeks of CRHP and CD dietary treatment
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IMPROVEMENTS WITHOUT WEIGHT LOSS

Notably, liver fat dropped significantly more on experimental diet.

50Note: Fig 4 in Skytte (2019)

postprandial blood glucose level and insulinaemia, is main-
tained after 6 weeks of a highly controlled CRHP dietary
treatment. Importantly, postprandial glycaemia, compared
with fasting glycaemia, contributes relatively more to HbA1c

in individuals with well-controlled type 2 diabetes [23]. As no
differences between diets were found in HOMA-IR, and only
a modest decrease in fasting plasma glucose was observed on
the CRHP diet, the reduction in HbA1c may primarily be due
to a persistent reduction in postprandial blood glucose level
during the CRHP dietary treatment. Yet, other mechanisms
may contribute to the improved glycaemic control on the
CRHP diet, e.g. the relatively higher content of monounsatu-
rated fatty acids [24] and specific food items such as dairy
products, nuts, etc. [25, 26]. We further speculate that the
higher content of fat in the CRHP diet may slow the rate of
gastric emptying and, in turn, decrease the rate of glucose
delivery to the circulation.

Our study is in line with a growing body of evidence
supporting the short-term beneficial effect of carbohydrate re-
striction on glycaemic control [27, 28]. However, inconclusive
results exist regarding the long-term effects of such lower-
carbohydrate diets [29–31]. Low compliance to adhere to var-
ious study diets in longer-term studies may have played a cen-
tral role in the absence of significant effects. In the present
study, the duration of food provision was limited to 6 weeks,
which was not an adequate time to achieve steady state for
changes in HbA1c. However, in contrast to the CD diet, the
CRHP diet gradually reduced mean HbA1c by 6.2 mmol/mol
(0.6%), suggesting that HbA1c may be even further reduced
over a longer diet period. In this context, the UK Prospective
Diabetes Study found that a 10 mmol/mol (~1%) reduction in
HbA1c over 10 years significantly decreased the risk of micro-
vascular complications in individuals with type 2 diabetes [32].
Hence, the demonstrated decrement in HbA1c in relation to full
CRHP food provision is most likely of clinical relevance.

Individuals with type 2 diabetes are at high risk of CVD
and hypertension, and lipid disturbances are recognised to
play a significant role in the development and progression of
CVD [33]. We found that a CRHP diet improved blood lipids
towards a less atherogenic profile by reducing total cholester-
ol, fasting triacylglycerol and non-HDL-cholesterol.
However, blood lipid analyses were exploratory only and
long-term studies are needed to reproduce these findings and
to evaluate whether a CRHP diet will eventually affect the risk
of both micro- and macrovascular complications.

Studies have reported that hepatic de novo lipogenesis is
elevated in hyperinsulinaemic individuals [34, 35] and in in-
dividuals consuming a low-fat high-carbohydrate diet [35]. In
the present study, a moderate reduction in dietary carbohy-
drate induced a substantial decrease in postprandial glucose
and insulin concentrations and a concomitant decline in the
hepatic fat fraction. Together, these findings indicate that the
present shift in macronutrient composition may modulate the
rate of de novo lipogenesis and subsequently reduce the he-
patic fat fraction.

An elevated supply of fatty acids to the liver is considered
essential for hepatic fat accumulation [36]. The reduction in
fasting and postprandial triacylglycerol concentrations during
the CRHP diet may result from reduced de novo lipogenesis
due to the persistent reduction in insulin excursions.
Moreover, lipoprotein lipase (LPL) is activated by insulin to
promote hydrolysis of dietary-derived chylomicrons and
triacylglycerol-rich lipoproteins, subsequently leading to a
‘spill-over’ of fatty acids, which thereby contributes to the
circulating NEFA pool [37]. Thus, a reduction in de novo
lipogenesis and the lower NEFA levels may both contribute
to lower the hepatic fat fraction found following the CRHP
diet. Population-based studies suggest the 1H-MRS cut-off
value for hepatic steatosis to be 5.6% [38]. However, newer
data based on the correlation between liver biopsies and pro-
ton magnetic resonance spectroscopy (1H-MRS) suggest that
a lower cut-off value of approximately 1.8–3.0% is more ap-
propriate [39, 40]. Irrespective of the defined upper limit of
hepatic steatosis, all participants with steatosis (except one)
showed a decrease in liver fat content on the CRHP interven-
tion (Fig. 4). As steatosis has previously been linked to an
attenuated ability to suppress endogenous glucose production
[41], the observed decrease in liver fat content on the CRHP
diet may also improve glucose homeostasis.

No clear consensus exists regarding the pathophysiological
aspects and clinical implications of fat accumulation in the
pancreas [42, 43]. In the present study, a CRHP diet was found
to decrease pancreatic fat content as compared with a CD diet,
but whether the reduction in pancreatic fat is mechanistically
related to the improved glucose metabolism is yet to be
clarified.

The safety of substituting dietary carbohydrates with fat
and proteins is debated [44, 45]. A large prospective cohort
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Hyde (2019) showed that lower carbohydrate intake has a more beneficial effect on markers of metabolic 
syndrome in a weight stable scenario.

51Note: Hyde (2019), ClinicalTrials.gov
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Introduction
The codification of metabolic syndrome (MetS) as a clustering of risk factors 3 decades ago (1) is now recog-
nized as a turning point in our understanding of metabolism as it pertains to the clinical states of obesity, diabe-
tes, and cardiovascular disease (CVD). Since then, the prevalence of MetS and obesity has increased in parallel 
to more than 1 in 3 adults in the United States (2, 3). Over the same period, there was a substantial increase in 
the absolute intake of carbohydrate, a dietary pattern temporally associated with the marked rise in obesity and 
MetS (4) and increased total mortality rates across multiple countries (5). Hyperinsulinemia is strongly linked 
to MetS pathogenesis and risk for CVD (6). Carbohydrate intake stimulates insulin secretion, which promotes 
fat storage and strongly inhibits adipose tissue lipolysis and fatty acid oxidation. Although not definitive, these 
observations point to a credible role of high-carbohydrate (HC) intake in the pathogenesis of MetS.

BACKGROUND. Metabolic syndrome (MetS) is highly correlated with obesity and cardiovascular risk, 
but the importance of dietary carbohydrate independent of weight loss in MetS treatment remains 
controversial. Here, we test the theory that dietary carbohydrate intolerance (i.e., the inability to 
process carbohydrate in a healthy manner) rather than obesity per se is a fundamental feature of 
MetS.

METHODS. Individuals who were obese with a diagnosis of MetS were fed three 4-week weight-
maintenance diets that were low, moderate, and high in carbohydrate. Protein was constant and fat 
was exchanged isocalorically for carbohydrate across all diets.

RESULTS. Despite maintaining body mass, low-carbohydrate (LC) intake enhanced fat oxidation 
and was more effective in reversing MetS, especially high triglycerides, low HDL-C, and the small 
LDL subclass phenotype. Carbohydrate restriction also improved abnormal fatty acid composition, 
an emerging MetS feature. Despite containing 2.5 times more saturated fat than the high-
carbohydrate diet, an LC diet decreased plasma total saturated fat and palmitoleate and increased 
arachidonate.

CONCLUSION. Consistent with the perspective that MetS is a pathologic state that manifests 
as dietary carbohydrate intolerance, these results show that compared with eucaloric high-
carbohydrate intake, LC/high-fat diets benefit MetS independent of whole-body or fat mass.

TRIAL REGISTRATION. ClinicalTrials.gov Identifier: NCT02918422.

FUNDING. National Dairy Council and the Dutch Dairy Association.

https://insight.jci.org/articles/view/128308
https://clinicaltrials.gov/ct2/show/NCT02918422


IMPROVEMENTS WITHOUT WEIGHT LOSS

The study investigated three types of diet with different % of calories from CHO (6-32-57 %) and FAT (74-
48-23 %) with PRO constant (20%). The lowest CHO intake resulted in MetS remission in 50 % of subjects.

52Note: Fig. 2 a 3 in Hyde (2019)
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met at least 3 of  5 standard criteria for MetS (Figure 1) defined diets that contained LC, MC, and HC (Figure 
2A, Table 1, and Supplemental Table 1; supplemental material available online with this article; https://
doi.org/10.1172/jci.insight.128308DS1). Initially, subjects were fed a 2-week run-in MC diet to determine 
a eucaloric level that would stabilize body mass and be used for all feeding periods. The 3 experimental 
diets were eucaloric and consumed by all participants in a crossover and balanced-order manner to avoid 
interindividual differences in response to diet. Each controlled diet was 4 weeks in duration and separated 
by a 2-week washout period. Thus, the total length of  the study for a participant was 16 weeks (Figure 2A). 
All food was weighed to the nearest 0.1 g and provided to participants to avoid errors in quantifying nutrient 
intake observed in free-living studies. To maintain body mass, the average total energy intake was nearly 3,000 
kcal/day with 1 subject requiring as much as 3,750 kcal/day (Table 1). Daily protein intake (20% energy) 
was constant across all feeding periods. The percentage of  carbohydrate varied on the LC, MC, and HC diets 
(6%, 32%, and 57% energy, respectively) and fat was adjusted proportionally (74%, 48%, and 23% energy, 
respectively) (Figure 2B). Total SFA content of  the LC, MC, and HC diets was 100.2 ± 20.5, 69.9 ± 14.3, and 
40.2 ± 8.2 g/day, respectively. An example daily meal plan for each diet is provided in Supplemental Table 1.

Subjects were obese at baseline, with a mean whole-body fat percentage of  40.2% and BMI just under the 
threshold for morbidly obese (i.e., 40 kg/m2). As designed, there were no significant changes in body mass, 
whole-body composition by dual-energy x-ray absorptiometry, and waist circumference over the intervention 
(Table 2). Although body mass was stable, MetS often manifests in increased abdominal adiposity and hepatic 
fat content. To examine if  these abnormal lipid accumulation patterns were affected by carbohydrate manip-
ulation independent of  body mass, we measured visceral adipose tissue (VAT) and liver fat by MRI. There 
was no difference in VAT or liver fat after the LC, MC, and HC diets (Supplemental Table 2). At baseline, 
the mean hepatic fat was 13.9% and was above 5% in all but 1 person, a suggested threshold for nonalcoholic 
fatty liver disease. There was 1 person who had the highest liver fat content at baseline (26.8%) who showed 
marked variability across diets. When this individual was removed from the study, there was a trend for lower 
liver fat after the LC diet (9.7%) than the MC (10.1%) and HC (11.5%) diets, respectively (P = 0.072).

An LC diet enhances fat oxidation and rapidly reverses MetS in the majority of  people independent of  weight loss. 
Although there was no difference in resting metabolic rate across each of the 4-week diets, there was a signifi-
cantly lower respiratory exchange ratio indicating greater reliance on fat oxidation after the LC diet (P < 0.001) 

Figure 2. Overview of study design and experimental diets. (A) Experimental approach. (B) Macronutrient distribution 
and daily saturated fat intake of controlled diets.
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(e.g., hyperglycemia or hypertension) typically do not benefit the others enough to reverse the syndrome 
as a whole. Obesity is often emphasized as the key factor in the pathophysiology while ignoring the per-
spective that MetS manifests as a carbohydrate-intolerant phenotype (9, 20). Given the poor track record 
of  low-fat diets during the epidemic of  obesity and diabetes and the limited impact of  pharmacologic or 
even exercise interventions on MetS, we have pursued carbohydrate restriction as a treatment based on 
evidence that it uniquely promotes weight and fat loss (11) and reverses features of  the insulin-resistant 

Figure 3. A eucaloric weight-stable LC diet rapidly reverses MetS in individuals who are obese, independent of 
weight loss. (A) Individual diagnosis of MetS after LC, MC, and HC diets. Women are represented as pink figures and 
men are in blue. (B) Change in criteria for MetS relative to baseline after LC, MC, and HC diets. Circles represent individ-
ual participants, the thick line is the mean, and thin lines are 95% CIs. P value from 3-way (LC, MC, HC) repeated-mea-
sures ANOVA. Values not sharing a common letter are different (P < 0.05). All data n = 16.
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FOOD ORDER

Alpana Shukla works on temporal patterns of food within the same isocaloric meals and their effects on 
glycaemia. The assumption is that changing food order may be far easier for patients than changing diet.

53Note:  Shukla (2017)
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ABSTRACT
Background There are limited data regarding the timing 
of carbohydrate ingestion during a meal and postprandial 
glucose regulation.
Methods Sixteen subjects with type 2 diabetes mellitus 
(T2DM) consumed the same meal on 3 days in random 
order: carbohydrate first, followed 10 min later by protein 
and vegetables; protein and vegetables first, followed 
10 min later by carbohydrate; or all components together. 
Blood was sampled for glucose, insulin, glucagon-like 
peptide-1 (GLP-1), and glucagon measurements at 
baseline (just before meal ingestion) and subsequently at 
30 min intervals up to 180 min.
Results The incremental areas under the curve for 
glucose (iAUC0–180) and incremental glucose peaks were 
53% and 54% lower, respectively, when carbohydrate 
was consumed last compared with carbohydrate 
consumed first (3124.7±501.2 vs 6703.5±904.6 mg/
dL×180min, p<0.001; 34.7±4.1 vs 75.0±6.5 mg/
dL, p<0.001) and 44% and 40% lower, respectively, 
compared with the all components together condition 
(3124.7±501.2 vs 5587.1±828.7 mg/dL×180min, 
p=0.003; 34.7±4.1 vs 58.2±5.9 mg/dL, p<0.001). 
Postprandial insulin excursions were lower (iAUC0–180: 
7354.1±897.3 vs 9769.7±1002.1 µU/mL×min, p=0.003) 
and GLP-1 excursions higher (iAUC0–180: 3487.56±327.7 
vs 2519.11±494.8 pg/mL×min, p=0.019) following the 
carbohydrate-last meal order compared with carbohydrate 
first.
Conclusion The carbohydrate-last meal pattern may be 
an effective behavioral strategy to improve postprandial 
glycemia.

Postprandial hyperglycemia is an indepen-
dent risk factor for both macrovascular1 
and microvascular2 complications of type 2 
diabetes mellitus (T2DM) and is the major 
determinant of glucose control at glycated 
hemoglobin (HbA1c) values below 7.3%.3 
Current nutritional strategies to attenuate 
postprandial glucose excursions are based 
on the quantity and type of carbohydrate 
consumed as the primary predictors of 
glycemic response. Beyond carbohydrate type 
and amount, postmeal glucose excursions can 

be attenuated by fat and protein preloads4–7 
and by a modified macronutrient composi-
tion that includes more protein8 and dietary 
fiber.9

A study in eight subjects with T2DM demon-
strated that whey protein consumed before a 
carbohydrate meal can stimulate insulin and 
incretin hormone secretion and slow gastric 
emptying, leading to marked reduction in 
postprandial glycemia.6 These findings were 

Carbohydrate-last meal pattern lowers 
postprandial glucose and insulin 
excursions in type 2 diabetes

Alpana P Shukla,1 Jeselin Andono,1,2 Samir H Touhamy,1,2 Anthony Casper,1 
Radu G Iliescu,1 Elizabeth Mauer,3 Yuan Shan Zhu,4 David S Ludwig,5 
Louis J Aronne1

1Comprehensive Weight 
Control Center, Division of 
Endocrinology, Diabetes, & 
Metabolism, Weill Cornell 
Medical College, New York, 
NY, USA
2Institute of Human Nutrition, 
Columbia University, New York, 
USA
3Department of Healthcare 
Policy and Research, Weill 
Cornell Medical College, New 
York, USA
4Department of Medicine, 
Clinical and Translational 
Science Center, Weill Cornell 
Medical College, New York, USA
5The New Balance Foundation 
Obesity Prevention Center, 
Department of Medicine, 
Boston Children’s Hospital, 
Boston, Massachusetts, USA

Correspondence to
Dr Alpana P Shukla;  
 aps2004@ med. cornell. edu

To cite: Shukla AP, 
Andono J, Touhamy SH, et al. 
Carbohydrate-last meal 
pattern lowers postprandial 
glucose and insulin 
excursions in type 2 diabetes. 
BMJ Open Diab Res Care 
2017;5:e000440. doi:10.1136/
bmjdrc-2017-000440

Received 9 May 2017
Revised 8 August 2017
Accepted 14 August 2017

Original research

Clinical Care/Education/Nutrition

Significance of this study

What is already known about this subject?
 ► Limited data on nutrient order during a meal 
suggests that consuming carbohydrate last lowers 
postprandial glucose excursions compared to 
carbohydrate consumed first. Protein preload 
stimulates insulin and incretin hormone secretion 
resulting in a lower postprandial glucose response.

What are the new findings?
 ► The carbohydrate-last meal pattern reduced 
postprandial glucose excursions compared 
to consuming carbohydrate first or all meal 
components together.

 ► In contrast to protein preloads, the carbohydrate-
last meal pattern lead to lower glycemic and insulin 
excursions but higher glucagon-like peptide-1 
response.

Current research questions?
 ► Generalizability to meals with different 
macronutrient composition and different subsets of 
patients, for example, Type 1, prediabetes

 ► Effect of the sequence of nutrient ingestion on 
gastric emptying and rates of nutrient absorption

How might these results change the focus of 
research or clinical practice?

 ► The carbohydrate-last meal pattern may be 
an effective behavioral strategy to improve 
postprandial glucose control in patients with type 2 
diabetes mellitus; feasibility and effectiveness need 
to be assessed in prospective studies.
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16 subjects in a cross-over randomised trial consumed identical meals on three separate days one week 
apart after 12 hour fast.

54Note:  Shukla (2017)
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Table 1 Meal composition

Orange juice (no pulp) 120 g
Ciabatta bread 90 g

Butter (unsalted)  5 g

Chicken breast (skinless, 
flame grilled)

150 g

Lettuce (Romaine) 45 g

Tomatoes 50 g

Cucumber (with skin) 75 g

Salad dressing (Italian, fat free) 15 g

Calories (kJ) Protein (g) Fat (g) Carbohydrate (g)
  2403.42 55.30 9.62 64.47
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confirmed in a subsequent study of 15 subjects that 
showed a 28% reduction in postprandial glucose excur-
sions over 180 min that was accompanied by an increase in 
glucagon-like peptide-1 (GLP-1) and insulin responses.7 
The addition of whey to meals with rapidly digested and 
absorbed carbohydrates has also been shown to stimulate 
insulin release and reduce postprandial blood glucose 
excursion by 21% after a lunch meal consisting of mashed 
potatoes and meatballs in subjects with T2DM.4

There are limited data, however, regarding the impact 
of the temporal sequence of carbohydrate ingestion 
during a meal on postprandial glycemia.10 11 In a previous 
pilot study of 11 patients with metformin-treated T2DM, 
we demonstrated that ingestion of protein and vegetables 
before carbohydrate led to lower postprandial glucose 
and insulin excursions for 120 min, compared with 
eating the same foods in the reverse order.11 No study 
has investigated the effects of the timing of carbohydrate 
ingestion during a meal on postprandial glucose, insulin 
and incretin hormone excursions.

The aim of this study was to determine the optimal 
timing of carbohydrate ingestion during a meal that can 
lower postprandial glycemia in the setting of three real-
world meal conditions and additionally explore the effect 
of food order on insulin and incretin hormone excur-
sions. We postulated that consuming vegetables and 
protein together as the first course instead of carbohy-
drate would result in lower post-meal glucose excursions 
compared with the reverse order and consuming all meal 
components (protein, vegetables and carbohydrate) all 
together would result in intermediate effects.

RESEARCH DESIGN AND METHODS
Subject inclusion and exclusion criteria
Male and female participants between 35 and 65 years of 
age, body mass index (BMI) 25–40 kg/m2 and metform-
in-treated T2DM of less than 10 years duration with 
HbA1c ≤8% were included in the study.

Patients taking corticosteroids, antidiabetic medica-
tion other than metformin, and patients with chronic 
renal or hepatic disease or history of prior bariatric 
surgery were excluded. The study was approved by the 
Weill Cornell Medical College Institutional Review 
Board (IRB#1502015945). All participants gave written 
informed consent.

Study protocol
We used a crossover design in which all participants 
consumed isocaloric meals (table 1) of the same compo-
sition on three separate days, 1 week apart, after a 
12 hours overnight fast. Participants were instructed to 
maintain their usual level of physical activity and diet 
throughout the study period and in particular the day 
prior to each test session. All meals were prepared in 
the metabolic kitchen of the Clinical and Translational 
Science Center at Weill Cornell Medical College. Each 

meal was consumed in 30 min, under the following 
conditions that were randomly assigned using research 
randomizer:
1. Carbohydrate first (CF) (ciabatta bread and orange 

juice) over 10 min, a 10 min rest interval, and 
then protein (skinless grilled chicken breast) and 
vegetables (lettuce, tomatoes and cucumber with 
Italian vinaigrette) over 10 min.

2. Protein and vegetables first over 10 min, a 10 min rest 
interval, and then carbohydrate over 10 min (carbo-
hydrate last (CL)).

3. All meal components together as a sandwich with each 
half consumed with half the orange juice over 10 min 
and a 10 min interval in between (sandwich (S)).

Participants were closely monitored to ensure that 
all meals were consumed in their entirety within the 
allotted time. Blood samples were drawn from an 
in-dwelling venous cannula at baseline (just before 
meal ingestion) and at 30 min intervals up to 180 min 
after the start of the meal. Glucose concentrations were 
assessed in whole blood using a quantitative enzymatic 
photometry cassette from Alere (San Diego, California, 
USA). The intra-assay and inter-assay coefficients of 
variation are ≤6.2% and≤5.0%, respectively. The plasma 
concentrations of insulin and glucagon were deter-
mined using quantitative immunoradiometric assay 
kits from Millipore (St. Charles, Missouri, USA). The 
intra-assay and inter-assay coefficients of variation are 
≤4.4% and ≤6.0% for insulin and ≤4.8% and≤6.4% 
for glucagon, respectively. The measurement range is 
3.125–200.0 µU/mL for insulin and 4.7–150 pmol/L for 
glucagon. The plasma concentration of active GLP-1 was 
determined using an electrochemiluminescent assay 
kit from Meso Scale Diagnostics (Rockville, Maryland, 
USA) with collection of blood samples in the BD P800 
blood collection tube containing a proprietary cocktail 
of protease, esterase and dipeptidyl peptidase IV inhib-
itors which provides immediate protection of bioactive 
peptides from degradation in plasma. The intra-assay 
and inter-assay coefficients of variation are ≤11.2% and 
≤13.4%, respectively, and the measurement range is 
0.24–1000 pg/mL.
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confirmed in a subsequent study of 15 subjects that 
showed a 28% reduction in postprandial glucose excur-
sions over 180 min that was accompanied by an increase in 
glucagon-like peptide-1 (GLP-1) and insulin responses.7 
The addition of whey to meals with rapidly digested and 
absorbed carbohydrates has also been shown to stimulate 
insulin release and reduce postprandial blood glucose 
excursion by 21% after a lunch meal consisting of mashed 
potatoes and meatballs in subjects with T2DM.4

There are limited data, however, regarding the impact 
of the temporal sequence of carbohydrate ingestion 
during a meal on postprandial glycemia.10 11 In a previous 
pilot study of 11 patients with metformin-treated T2DM, 
we demonstrated that ingestion of protein and vegetables 
before carbohydrate led to lower postprandial glucose 
and insulin excursions for 120 min, compared with 
eating the same foods in the reverse order.11 No study 
has investigated the effects of the timing of carbohydrate 
ingestion during a meal on postprandial glucose, insulin 
and incretin hormone excursions.

The aim of this study was to determine the optimal 
timing of carbohydrate ingestion during a meal that can 
lower postprandial glycemia in the setting of three real-
world meal conditions and additionally explore the effect 
of food order on insulin and incretin hormone excur-
sions. We postulated that consuming vegetables and 
protein together as the first course instead of carbohy-
drate would result in lower post-meal glucose excursions 
compared with the reverse order and consuming all meal 
components (protein, vegetables and carbohydrate) all 
together would result in intermediate effects.

RESEARCH DESIGN AND METHODS
Subject inclusion and exclusion criteria
Male and female participants between 35 and 65 years of 
age, body mass index (BMI) 25–40 kg/m2 and metform-
in-treated T2DM of less than 10 years duration with 
HbA1c ≤8% were included in the study.

Patients taking corticosteroids, antidiabetic medica-
tion other than metformin, and patients with chronic 
renal or hepatic disease or history of prior bariatric 
surgery were excluded. The study was approved by the 
Weill Cornell Medical College Institutional Review 
Board (IRB#1502015945). All participants gave written 
informed consent.

Study protocol
We used a crossover design in which all participants 
consumed isocaloric meals (table 1) of the same compo-
sition on three separate days, 1 week apart, after a 
12 hours overnight fast. Participants were instructed to 
maintain their usual level of physical activity and diet 
throughout the study period and in particular the day 
prior to each test session. All meals were prepared in 
the metabolic kitchen of the Clinical and Translational 
Science Center at Weill Cornell Medical College. Each 

meal was consumed in 30 min, under the following 
conditions that were randomly assigned using research 
randomizer:
1. Carbohydrate first (CF) (ciabatta bread and orange 

juice) over 10 min, a 10 min rest interval, and 
then protein (skinless grilled chicken breast) and 
vegetables (lettuce, tomatoes and cucumber with 
Italian vinaigrette) over 10 min.

2. Protein and vegetables first over 10 min, a 10 min rest 
interval, and then carbohydrate over 10 min (carbo-
hydrate last (CL)).

3. All meal components together as a sandwich with each 
half consumed with half the orange juice over 10 min 
and a 10 min interval in between (sandwich (S)).

Participants were closely monitored to ensure that 
all meals were consumed in their entirety within the 
allotted time. Blood samples were drawn from an 
in-dwelling venous cannula at baseline (just before 
meal ingestion) and at 30 min intervals up to 180 min 
after the start of the meal. Glucose concentrations were 
assessed in whole blood using a quantitative enzymatic 
photometry cassette from Alere (San Diego, California, 
USA). The intra-assay and inter-assay coefficients of 
variation are ≤6.2% and≤5.0%, respectively. The plasma 
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kits from Millipore (St. Charles, Missouri, USA). The 
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Food order in an identical isocaloric meal affects postprandial glycaemia, insulinaemia and GLP-1, which 
improves glycaemic control in T2D.

55Note: Figure 1 a Table 2 in Shukla (2017) 
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Figure 1 Postprandial glucose, insulin and glucagon-
like peptide-1 (GLP-1) levels following carbohydrate-first 
(CF), carbohydrate-last (CL) and sandwich (S) meal orders. 
Values are mean±SEM. ¥Statistically significant differences 
(p<0.05) between CF and CL. ΘStatistically significant 
differences (p<0.05) between CF and S. ◊Statistically 
significant differences (p<0.05) between CL and S.

Clinical Care/Education/Nutrition

Statistical analysis
Demographics for participants were described as 
mean±SD. Glucose, insulin, iGLP-1 and glucagon concen-
trations (at time intervals of interest) and their respective 
incremental areas under the curves (iAUCs) at 180 min 
were described as mean±SEM for each group. Incre-
mental glucose peaks were also described as mean±SEM. 
Linear mixed effects models accounting for correla-
tion within the same participant were implemented for 
each outcome of interest to compare the three groups. 
Post-hoc analyses were performed by Tukey's method 
with Bonferroni adjustment. p Values were two-sided with 
statistical significance evaluated at the 0.05 alpha level or 
the Bonferroni-corrected 0.05 alpha level, where appli-
cable. Analyses were performed in R V.3.4.0 (Vienna, 
Austria).

RESULTS
The study population included 16 participants with 
overweight/obesity (nine female and seven male) 
with T2DM on a stable dose of metformin. The 
average (mean±SD) age and BMI were 57.7±7.6 years 
and 32.8±3.3 kg/m2, respectively. The average duration 
of diabetes among the participants was 3.8±2.4 years 
and the mean HbA1c was 6.5%±0.7%. One participant 
did not have sandwich data; however, this participant 
was not lost in analyses because mixed effects models 
handle missing values by maximum likelihood estima-
tion and are robust to missing random data. However, 
sensitivity analyses by excluding this participant did not 
change the significance of results.

There were no differences between baseline fasting 
glucose concentrations in the three meal conditions. 
Postprandial mean glucose concentrations were signifi-
cantly decreased by 20.8%, 30.2%, and 23.1% at 30, 60, 
and 90 min (figure 1), respectively, and the iAUC0–180 
was 53.4% lower (3124.7±501.2 vs 6703.5±904.6 mg/
dL×180 min, p<0.001) following the CL meal order, 
compared with CF, the reverse meal order (table 2). 
CL meal pattern showed reduced postprandial glucose 
levels compared with the S meal pattern: a decrease of 
19.8%, 25.2%, and 15.3% at 30, 60, and 90 min, respec-
tively, and a decrease in iAUC0–180 of 44.1% (3124.7±501.2 
vs 5587.1±828.7 mg/dL×180 min, p=0.003). Following 
the CL meal order, glucose levels plateaued between 
90 and 180 min postprandially, whereas, there were 
marked fluctuations in glucose concentrations in the 
CF meal condition, with the glucose level being signifi-
cantly lower than CL at 180 min. Incremental glucose 
peaks were 53.8% and 40.4% lower for the CL meal 
order compared with CF and S, respectively (34.7±4.1 
vs 75.0±6.5 mg/dL, p<0.001; 34.7±4.1 vs 58.2±5.9 mg/
dL, p<0.001) and 22.4% lower for S compared with 
CF (58.2±5.9 mg/dL vs 75.0±6.5 mg/dL, p<0.001).

The CL meal resulted in lower insulin excur-
sions; iAUC0–180 was 24.8% lower compared with CF 
(7354.1±897.3 vs 9769.7±1002.1 µU/mL×180 min, 

p=0.003). The insulin excursions were not signifi-
cantly different between the CF and S meal condi-
tions (7354.1±897.3 vs 8861.2±1050.5 µU/mL×180 min, 
p=0.137). The GLP-1 response to the CL meal order 
was greater compared with CF (3487.56±327.7 
vs 2519.11±494.8 pg/mL×180 min, p=0.019) and 
similar to the S meal condition (3487.56±327.7 vs 
3153.2±449.4 pg/mL×180 min, p=0.999). The glucagon 
excursions were not significantly different between the 
three meal conditions.
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Table 2 Incremental areas under the curves (iAUCs) (0–180 min) during the three visits

Time (min)†‡ Carbohydrates first (CF) Carbohydrates last (CL) Sandwich (S)

Glucose iAUC
(mmol/L×min)*

0–180 372.0±50.2§ 173.4±27.8§¶ 310.08±46.0¶

Insulin iAUC
(pmol/L×min)*

0–180 67850.6±6959.6§ 51074.2±6231.7§ 61541.0±7295.7

Glucagon-like peptide-1 iAUC
(pmol/L×min)*

0–180 763.8±150.0§ 1057.4±99.4§ 956.1±136.3 

*Values are expressed in SI units as mean±SEM, n=16.
†Blood samples were collected immediately before the meal (t=0 min) and at 30, 60, 90, and 180 min after the start of the meal.
 ‡Intervals were measured in minutes from the start of the meal. The 30-minute time point was immediately collected after the meal was 
finished. 
§Statistically significant differences (p<0.05) between CF and CL. 
¶Statistically significant differences (p<0.05) between CL and S. 

Clinical Care/Education/Nutrition

CONCLUSIONS
In this study, we demonstrated that the temporal sequence 
of carbohydrate ingestion during a meal has significant 
impact on postprandial glucose regulation. These find-
ings confirm and extend results from our previous pilot 
study11; the inclusion of a third nutrient order condition, 
a sandwich, had intermediate effects on glucose excur-
sions compared with CL versus CF.

Previous studies investigating the effect of premeal 
ingestion of whey protein have demonstrated that the 
glucose-lowering effect is accompanied by an insuli-
notropic response.6 7 In contrast, our results demon-
strate that consumption of protein and vegetables first, 
followed by carbohydrate, reduces both postmeal glucose 
and insulin excursions, suggesting that the CL meal 
pattern requires less insulin controlling for carbohydrate 
amount.

Modifying the rate of nutrient absorption is a ther-
apeutic principle of particular relevance to diabetes. 
A plausible explanation for the attenuated glycemic 
response observed with the CL meal pattern is delayed 
gastric emptying and consequently slower rates of carbo-
hydrate absorption, a mechanism that would not be 
entirely mediated by GLP-1. The finding of lower insulin 
iAUC in the context of increased GLP-1 excursions 
contrasts with the effect of protein preloads that augment 
both GLP-1 and insulin secretion6 7 12 and suggests a role 
for vegetable fiber in moderating this response.

The effect of food order on postprandial glycemia 
in this study is comparable to the magnitude observed 
with pharmacological agents that preferentially target 
postprandial glycemia; acarbose and nateglinide reduce 
iAUCs by 31% and 64%, respectively, compared with 
placebo.13 14 In non-insulin treated patients, managed 
with diet/oral hypoglycemic agents, pramlintide was 
shown to lower glucose excursions by 57%.15 Limitations 
of our study include the small sample size and unclear 
generalizability to meals with different macronutrient 
compositions and patient populations including those 
with type 1 diabetes and prediabetes. Further study is 
needed to explore the mechanisms, including gastric 
emptying and rates of nutrient absorption with extended 

follow-up beyond 180 min. Strengths of the study include 
stringent study design and the use of real-world meals 
that suggest practical utility. In conclusion, our findings 
suggest that the timing of carbohydrate intake during 
a meal may have major effects on postprandial glucose 
excursions comparable in magnitude to many hypogly-
cemic drugs.
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MEAL FREQUENCY

Kahleova (2014) explored if meal frequency during a hypocaloric diet can affect glycaemic control in T2D. 

The prevailing view had been that patients with T2D should eat 5-6x a day to avoid glucose excursions.

57Note: Kahleova (2014)

ARTICLE

Eating two larger meals a day (breakfast and lunch) is more
effective than six smaller meals in a reduced-energy regimen
for patients with type 2 diabetes: a randomised crossover study
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Abstract
Aims/hypothesis The aim of the study was to compare the
effect of six (A6 regimen) vs two meals a day, breakfast and
lunch (B2 regimen), on body weight, hepatic fat content
(HFC), insulin resistance and beta cell function.
Methods In a randomised, open, crossover, single-centre
study (conducted in Prague, Czech Republic), we assigned
54 patients with type 2 diabetes treated with oral
hypoglycaemic agents, both men and women, age 30–70
yea r s , BMI 27–50 kg /m2 and HbA1c 6–11 .8%
(42–105 mmol/mol), to follow two regimens of a
hypoenergetic diet, A6 and B2, each for 12 weeks.
Randomisation and allocation to trial groups (n=27 and
n=27) were carried out by a central computer system. Indi-
vidual calculations of energy requirements for both regimens
were based on the formula: (resting energy expenditure×1.5)

−2,092 kJ. The diet in both regimens had the same macronu-
trient and energy content. HFC was measured by proton
magnetic resonance spectroscopy. Insulin sensitivity was
measured by isoglycaemic–hyperinsulinaemic clamp and cal-
culated by mathematical modelling as oral glucose insulin
sensitivity (OGIS). Beta cell function was assessed during
standard meal tests by C-peptide deconvolution and was
quantified with a mathematical model. For statistical analysis,
2×2 crossover ANOVAwas used.
Results The intention-to-treat analysis included all participants
(n=54). Body weight decreased in both regimens (p<0.001),
more for B2 (−2.3 kg; 95% CI −2.7, −2.0 kg for A6 vs −3.7 kg;
95% CI −4.1, −3.4 kg for B2; p<0.001). HFC decreased in
response to both regimens (p<0.001), more for B2 (−0.03%;
95% CI −0.033%, −0.027% for A6 vs −0.04%; 95% CI
−0.041%, −0.035% for B2; p=0.009). Fasting plasma glucose
and C-peptide levels decreased in both regimens (p<0.001),
more for B2 (p=0.004 and p=0.04, respectively). Fasting plas-
ma glucagon decreased with the B2 regimen (p<0.001), where-
as it increased (p=0.04) for the A6 regimen (p<0.001). OGIS
increased in both regimens (p<0.01), more for B2 (p=0.01).
No adverse events were observed for either regimen.
Conclusions/interpretation Eating only breakfast and lunch
reduced body weight, HFC, fasting plasma glucose, C-peptide
and glucagon, and increased OGIS, more than the same caloric
restriction split into six meals. These results suggest that, for
type 2 diabetic patients on a hypoenergetic diet, eating larger
breakfasts and lunches may be more beneficial than six smaller
meals during the day.
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Two meals a day resulted in greater weight loss and lower fasting plasma glucose, becoming another piece 
of evidence that eating 5-6x per day is not neccessary.
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is described by a single variable, rate sensitivity. This secretion
component is related to early insulin release [23, 24].

The model variables (the variables of the dose–response,
the rate sensitivity and the potentiation factor) were estimated
from the glucose and C-peptide concentrations by regularised
least squares, as previously described [23, 24]. Estimation of
the individual model variables was performed blinded for the
randomisation of the patients for treatment.

Whole-body insulin sensitivity was estimated in two ways:
(1) as the MCR calculated during the last 20 min of the
isoglycaemic hyperinsulinaemic clamp after correction for
changes in glucose pool size [19], and (2) by a glucose–insulin
model to derive an oral glucose insulin sensitivity (OGIS)
index, validated against the clamp data [3].

Analytical methods

Serum glucose was analysed using the Beckman Analyser
glucose-oxidase method (Beckman Instruments, Fullerton,
CA, USA). Plasma immunoreactive insulin and C-peptide
concentrations were determined using insulin and C-peptide
IRMA kits (Immunotech, Prague, Czech Republic). HbA1c

was measured by HPLC (Tosoh, Tokyo, Japan). Plasma con-
centrations of glucagon were measured using ELISA kits
(BioVendor, Brno, Czech Republic). Plasma lipids concentra-
tions were measured by enzymatic methods (Roche, Basel,
Switzerland). HDL-cholesterol was measured after double
precipitation with dextran and MgCl2. LDL-cholesterol was
estimated using the Friedewald equation if the triacylglycerol
concentration was <4.53 mmol/l.

Statistical analyses

The intention-to-treat analysis included all participants. We
tested the distributions of the data. If the distribution was
skewed, we used the Box-Cox transformation to attain data
symmetry and homoscedasticity [26]. Non-homogeneities in
the data were detected using residual analysis as described
elsewhere [27]. 2×2 crossover ANOVA was used for data
evaluation. The model consisted of the between-subject factor
‘sequence’, the factor ‘subject’ and within-subject factors of
‘period’ and ‘treatment’. In a subsequent subanalysis, the
factor for prepared meals that were collected by patients was
added. The relationships between continuous variables were
evaluated using Pearson’s correlation and BMI-adjusted
partial correlations.

Results

The results are expressed as the changes in response to the A6
and B2 regimens, presented as means with 95%CIs (Fig. 2 and
Table 2). The factors ‘period’ and ‘sequence’ (the order of the

regimens) were not significant. No substantial unfavourable
effects of the regimens were observed.

Dietary intake and physical activity

Reported dietary intake decreased (p<0.001) comparably un-
der both regimens. Physical activity increased (p<0.05)
slightly, but negligibly—by about 2,000 steps per month—in
both regimens (see Table 2).

Body weight and HFC

Body weight and HFC decreased under both regimens
(p<0.001), more with B2 (p<0.001; −2.3 kg; 95% CI −2.7,
−2.0 kg with A6 vs −3.7 kg; 95% CI −4.1, −3.4 kg with B2;
and p=0.009; −0.03%; 95% CI −0.033, −0.027% with A6 vs
−0.04%; 95% CI −0.041, −0.035% with B2, respectively;
Fig. 2a and b). Similarly, BMI and waist circumference de-
creased with both regimens (p<0.001), more with B2
(p<0.001; −0.82 kg/m2; 95% CI −0.94, −0.69 kg/m2 with
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Fig. 2 Changes in anthropometric and laboratory variables. Data are
shown as changes from baseline in response to the regimen of six (A6)
and two meals (B2) a day. Data are mean ± 95% CI. Significance of the
factor treatment (assessed by 2×2 crossover ANOVA) is indicated by:
*p<0.05; **p<0.01; ***p<0.001; NS, non-significant. (a) Δ Weight,
n=54, (b) Δ HFC, n=48, (c) Δ Fasting plasma glucose, n=54, (d) Δ
Fasting plasma C-peptide, n=54, (e) Δ Fasting plasma glucagon, n=54,
(f)Δ HbA1c, n=54, (g)ΔMCR, n=49, (h)Δ Insulin sensitivity (OGIS),
n=51, (i) Δ REE, n=52. To convert values for HbA1c in % into
mmol/mol, subtract 2.15 and multiply by 10.929
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More recent studies suggest that low carbohydrate intake, in contrast to common beliefs, does not 
prevent people from even strenuous and heavy exercise. Top elite athletes are in a different league. 
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Abstract  
The purpose of the study was to examine the effects of altering 
from habitual mixed Western-based (HD) to a very low-
carbohydrate high-fat (VLCHF) diet over a 4-week timecourse on 
performance and physiological responses during high-intensity 
interval training (HIIT). Eighteen moderately trained males (age 
23.8 ± 2.1 years) consuming their HD (48 ± 13% carbohydrate, 
17 ± 3% protein, 35 ± 9% fat) were assigned to 2 groups. One 
group was asked to remain on their HD, while the other was asked 
to switch to a non-standardized VLCHF diet (8 ± 3% carbohy-
drate, 29 ± 15% protein, 63 ± 13% fat) for 4 weeks. Participants 
performed graded exercise tests (GXT) before and after the ex-
periment, and an HIIT session (5x3min, work/rest 2:1, passive re-
covery, total time 34min) before, and after 2 and 4 weeks. Heart 
rate (HR), oxygen uptake ( ሶܸ O2), respiratory exchange ratio 
(RER), maximal fat oxidation rates (Fatmax) and blood lactate 
were measured. Total time to exhaustion (TTE) and maximal ሶܸO2 
(VሶO2max) in the GXT increased in both groups, but between-group 
changes were trivial (ES ± 90% CI: -0.1 ± 0.3) and small (0.57 ± 
0.5), respectively. Between-group difference in Fatmax change 
(VLCHF: 0.8 ± 0.3 to 1.1 ± 0.2 g/min; HD: 0.7 ± 0.2 to 0.8 ± 0.2 
g/min) was large (1.2±0.9), revealing greater increases in the 
VLCHF versus HD group. Between-group comparisons of mean 
changes in VሶO2 and HR during the HIIT sessions were trivial to 
small, whereas mean RER decreased more in the VLCHF group 
(-1.5 ± 0.1). Lactate changes between groups were unclear. 
Adoption of a VLCHF diet over 4 weeks increased Fatmax and did 
not adversely affect TTE during the GXT or cardiorespiratory re-
sponses to HIIT compared with the HD.  
 
Key words: High-intensity exercise, graded exercise test, ketosis, 
low-carbohydrate diet, high-fat diet. 
 

 

 
Introduction 

 
Despite a hundred-plus year history, there has been 
renewed interest in research describing the effects of 
lowering dietary carbohydrate on health and exercise 
performance (Volek, Noakes and Phinney, 2015). 
Approaches have included training in the fasted state, 
training with reduced glycogen stores after prior exercise, 
and restricting carbohydrate (CHO) intake during recovery 
(Bartlett et al., 2015). A very low-CHO high-fat (VLCHF) 
diet, also known as the ketogenic diet, is a nutritional 
approach that restricts daily carbohydrates to 20-50 g/d, 
replacing the majority of those reduced calories with fat, 
while maintaining low to moderate quantities of protein 
(Feinman et al., 2015). In persons habituated to typical 

Western diets, the VLCHF diet has been shown to lower 
basal glucose and insulin levels, increase fat oxidation 
rates, and upregulate an alternative energy source in the 
form of hepatic ketone bodies (Paoli et al., 2015). These 
ketogenic diet-induced metabolic changes drive the body 
to preferentially use fat and ketones as their primary fuel 
sources (Volek et al., 2015), and might be considered 
advantageous, particularly for prolonged exercise, since 
access to the extensive quantity of fat stores implies a 
steady source of energy flow, unlike our limited 
endogenous CHO stores from muscle and liver glycogen 
(Yeo et al., 2011; Volek et al.,  2015). 

Initial exposure to low CHO diets can reduce resting 
muscle (and presumably liver) glycogen stores within the 
first several days. This reduction of muscle glycogen stores 
without notable increase in the capacity for fat utilization 
is associated with a lowered capacity for exercise 
performance (Burke and Hawley, 2002). Indeed, a short-
term ketogenic diet (1-3 days) has been shown to reduce 
both prolonged submaximal (~70% of maximal oxygen 
uptake (Vሶ O2max)) (Starling et al., 1997; Pitsiladis and 
Maughan, 1999) and high-intensity supramaximal exercise 
(Langfort et al., 1997; Lima-Silva et al., 2013). Beyond 5-
7 days of exposure to the ketogenic diet, fat oxidation 
during submaximal exercise is enhanced (Paoli et al., 
2015), with maximal performance benefits postulated to 
take up to several weeks or months (Volek et al., 2015).  

CHO availability and muscle glycogen content are 
primary components of metabolism and exercise 
performance (Bergström et al., 1967), with skeletal muscle 
increasingly reliant on CHO as a fuel source as exercise 
rises in intensity (van Loon et al., 2001). Thus, it stands to 
reason that restriction of endogenuous CHO availability, 
forcing greater reliance on fat as the primary fuel source, 
would adversely affect strenuous exercise performance, 
such as that needed for high-intensity interval training 
(HIIT) (Buchheit and Laursen, 2013a). However, no 
studies to date have examined the effects of long-term 
reductions in CHO intake on HIIT performance. Therefore, 
the purpose of this study was to examine the effects of 
altering from one’s HD to a VLCHF diet over 4 weeks on 
cardiorespiratory and metabolic responses during HIIT.  

 
Methods 

 
Participants 
Eighteen moderately trained males were recruited for this 
study, before being assigned to 2 groups: a very low-CHO 
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Abstract  
A common belief is that high intensity exercise (>60%VO2max) is 
best sustained by high rates of carbohydrate oxidation.  The belief 
is based, in part, on an idea developed by Krogh and Lindhard in 
1920. In the 100 years since, few studies have tested its validity. 
We tested the null hypothesis that performance in competitive 
recreational athletes exercising at >80% VO2max, during simu-
lated 5-km running time trials (5KTT) would be impaired during 
a 6-week period of adaption to a low-carbohydrate, high-fat 
(LCHF) diet, compared to their performances when they ate a diet 
higher in carbohydrate and lower in fat (HCLF). Seven male ath-
letes (age 35.6 ± 8.4 years, height 178.7 ± 4.1 cm, weight 68.6 ± 
1.6 kg) completed two maximal exercise (VO2max) tests (Day 1 
and 39) and four 5KTT (Day 4, 14, 28, and 42) in a fasted state 
during two 6-week periods when they ate either a HCLF or a 
LCHF diet, in a randomized counterbalanced, crossover design. 
Exercise performance during the VO2max tests was unchanged on 
either diet (p = 0.251). Performance in the initial 5KTT was sig-
nificantly slower on the LCHF diet (p = 0.011). There were no 
diet-related performance differences in the remaining three 5KTT 
(p > 0.22). Subjects exercised at ~82%VO2max. Carbohydrate ox-
idation provided 94% of energy on the HCLF diet, but only 65% 
on the LCHF diet. 5KTT performance at ~82%VO2max was inde-
pendent of the runners’ habitual diet. The HCLF diet offered no 
advantage over a diet with a high-fat content. Since these athletes 
run faster than 88% of recreational distance runners in the United 
States (U.S.), this finding may have wide general application.  
 
Key words: Fat oxidation, ketogenic, high carbohydrate, per-
formance, high-fat diet, low-carbohydrate diet.

 
 

Introduction 
 

In 1920 Krogh and Lindhard (1920) reported that “on fat 
diets the (exercise) fatigue became considerable and some-
times excessive. For several hours after the work on the er-
gometer these subjects were generally very tired when on 
a fat diet and much less tired or not tired at all when on 
carbohydrates”. Accordingly, “work is more economically 
performed on carbohydrate than on fat. When the work was 
sufficiently severe the subjects performed it with greater 
difficulty on fat than on carbohydrate and became much 
more tired”.  

This historical belief that fat is an inferior metabolic 
fuel unable to support exercise of higher intensity, is the 

singular belief that drives the prescription of high carbohy-
drate diets for most athletes (Hawley et al., 1998; 
Jeukendrup 2003; Stellingwerff and Boit, 2007; Stel-
lingwerff et al., 2011; Burke et al., 2011; Hawley and 
Leckey, 2015; Costa et al., 2018; Burke and Hawley, 2018; 
Cermak and van Loon, 2013; Jeukendrup et al., 2000; 
Spriet, 2007; Williams et al., 1984; Bartlett et al., 2015; 
Burke, 2015) since “CHO-based fuels become the predom-
inant energy source for trained muscle when exercise in-
tensities are >60% of peak oxygen uptake” (Hawley and 
Leckey, 2015); because “endogenous fatty acid stores are 
substantial but do not provide muscle contractile energy 
(i.e. adenosine triphosphate) at rates that sustain higher ex-
ercise intensity or high force contractions” (Costa et al., 
2018); because “rates of muscle fat oxidation are inade-
quate to support the high relative (70 –90% VO2max) and 
absolute work rates sustained by competitive athletes dur-
ing running or cycling events lasting <2hr (Hawley and 
Leckey, 2015; Jeukendrup et al., 2000; Spriet, 2007; Wil-
liams et al., 1984)” (Leckey et al., 2015).     

This doctrine is supported by key studies showing 
that exercise performance is impaired in athletes eating low 
carbohydrate high fat (LCHF) diets (Burke et al., 2017; 
Havemann et al., 2006), which substantially reduces rates 
of carbohydrate oxidation during exercise (Burke et al., 
2017; Vogt et al., 2003; Cameron-Smith et al., 2003; Stel-
lingwerff et al., 2006; Volek et al., 2016; Webster et al., 
2016).  For example, race walking performance during a 
25-km time trial was significantly impaired after 3 weeks 
on a LCHF diet (Leckey et al., 2015). Rates of carbohy-
drate oxidation (~0.5 g/min) were amongst the lowest rec-
orded in competitive athletes.  

But a feature of this common belief is the relative 
absence of studies designed specifically to refute that hy-
pothesis. The two studies (Burke et al., 2017; Havemann et 
al., 2006) most frequently cited as conclusive proof both 
evaluated performance during prolonged exercise, not dur-
ing high intensity exercise. Neither was designed specifi-
cally to test whether carbohydrate is the essential fuel for 
performance at exercise intensities of >60% (Hawley and 
Leckey, 2015) or 75% VO2max (Stellingwerff and Boit, 
2007; Stellingwerff et al., 2011). In addition, the period of 
exposure to a high fat diet in both studies (1-3 weeks) was 
shorter than the 4 or more weeks that is considered more 
optimal (Cipryan et al., 2017; Volek et al., 2016).  
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Sleep deprivation can effectively prevent successful weight loss. 
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Insufficient sleep undermines dietary efforts to reduce adiposity
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Abstract
Background—Sleep loss can modify energy intake and expenditure.

Objective—To determine whether sleep restriction attenuates the effect of reduced-calorie diet
on excess adiposity.

Design—Randomized two-period two-condition crossover study.

Setting—University clinical research center and sleep laboratory.

Patients—10 overweight nonsmoking adults (3F/7M); mean (SD) age 41 (5) y; body mass index
27.4 (2.0) kg/m2.

Intervention—14 days of moderate caloric restriction with 8.5 or 5.5-hour nighttime sleep
opportunity.

Measurements—Primary: loss of fat and fat-free body mass. Secondary: changes in substrate
utilization, energy expenditure, hunger, and 24-h metabolic hormone concentrations.

Results—Sleep curtailment decreased the fraction of weight lost as fat by 55% (1.4 vs. 0.6 kg
with 8.5 vs. 5.5-h sleep opportunity, P=0.043) and increased the loss of fat-free body mass by 60%
(1.5 vs. 2.4 kg, P=0.002). This was accompanied by markers of enhanced neuroendocrine
adaptation to caloric restriction, increased hunger, and a shift in relative substrate utilization
towards oxidation of less fat.

Limitations—The nature of the study limited its duration and sample size.

Conclusions—The amount of human sleep contributes to the maintenance of fat-free body mass
at times of decreased energy intake. Lack of sufficient sleep may compromise the efficacy of
typical dietary interventions for weight loss and related metabolic risk reduction.
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1. Dietary carbohydrate are necessary and basic source of energy for humans.

2. The brains requires glucose, and needs at least 120-130 grams of dietary carbohydrate per day.

3. Insufficient dietary carbohydrate results in ketogenesis, ketone bodies are harmful and their excess can 
result in ketoacidosis.

4. Low intake of carbohydrate in diabetics increases the risk of hypoglyacemia.

5. Carbohydrate restriction results in insufficient intake of nutrients, fibre, vitamins and minerals. 

6. Excessive intake of dietary fat results in fat gain.

7. Excessive intake of dietary fat has deleterious effects on lipid profile and increases cardiovascular risk.

8. Excessive intake of saturated fatty acids causes cardiovascular disease. 

9. Insufficient stimulation of pancreas impairs its function and results in diabetes.

10. (INSERT ANY RANDOM UNSUBSTANTIANTED OR REFUTED ARGUMENT)

COMMON MYTHS

Low carbohydrate diet is subject to several legends and myths which lack biological explanation, or are 
based on misunderstanding of human physiology and nutrition. 
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8 Summary



1. Avoid Type 2 Diabetes if you can.

2. When diagnosed, remission should be the first and immediate goal.

3. There are various evidence-based routes to remission (Virta, DiRECT, bariatric surgery).

4. Healthcare professionals and patients should be aware of remission options.

5. If weight loss is not a possibility (eg. lean T2D patients), consider macronutrient changes.

6. Food order. Meal frequency.

7. Move around. Enjoy exercise.

8. Sleep. Sleep well, sleep long enough.

9. Enjoy life. Eliminate stress.

SUMMARY

The primary goal for non-diabetics should be to avoid Type 2 Diabetes in the first place. Once diagnosed, 
remission should be considered first, typically facilitated by improved diet and weight loss. 
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9 Discussion
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