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1 Krátké představení



PŘEDSTAVENÍ

Od práva a advokacie přes mezinárodní zdravotnický management až k poradenství ve zdravotnictví, 
kvalitě zdravotní péče, medicíně založené na důkazech – a k výživě.
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PŘEDSTAVENÍ

Spoluautorem dosud nejrozsáhlejšího přehledového článku o nízkosacharidové stravě v léčbě diabetes 
mellitus v češtině.
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přehledné referáty

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.
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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.
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PŘEDSTAVENÍ

Spoluautorem jednoho z prvních českých odborných článků o vztahu průmyslového zpracování potravin, 
konzumace vysoce zpracovaných potravinářských produktů a civilizačních onemocnění.

7Zdroj: Kohutiar (2019)
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PŘEDSTAVENÍ

Kniha Lily Nichols stojí za změnou českých doporučení pro těhotenskou cukrovku, Jason Fung úspěšně 
využívá půstů v léčbě diabetu 2. typu. 

8Zdroj: Nichols (2019), Fung (2018)

http://bit.ly/Nichols2019
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2 Diabetes a obezita v číslech



DIABETES A OBEZITA V ČÍSLECH

Od roku 1993 došlo k výraznému zvýšení prevalence obezity, markantějši u mužů (+20 %) než u žen (+6 %). 
Ve stejném období došlo k růstu populace z 10,3 (1993) na 10,5 milionu (2014).

10Zdroj: SZU (2018)

Grafy 
 
 
Obr. 1 Podíl osob (15+ let) s preobezitou (BMI (25 <= BMI < 29,9) a obezitou 
(BMI >= 30) v letech 1993 - 2014, ČR  

 
 

              

          
 
Pozn.: Na základě údajů respondenta o výšce a hmotnosti. 
Zdroj: ÚZIS (9) 
 
 
 
 
Obr. 2  Podíl dětí ve věku 13 a 15 let s udávanou vyšší než normální hmotností 
ve třech etapách studie HBSC, ČR 
 

 
Pozn.: Na základě údajů respondenta-dítěte o své výšce a hmotnosti. 
Zdroj: HBSC studie 2001/2002, 2005/2006 a 2010 (2,3,4)  
 
 
 
 
 
 
 
 
 
 

MUŽI ŽENY 

http://www.szu.cz/uploads/documents/chzp/info_listy/Vyskyt_nadvahy_a_obezity_2018.pdf


DIABETES A OBEZITA V ČÍSLECH

Nepříznivý vývoj trendu obezity byl spojen s postupným nárůstem prevalence diabetu, celkový počet v 
roce 2015 činil kolem 900 000 pacientů.

11Zdroj: UZIS (2016)

POČET	LÉČENÝCH	DIABETIKŮ	V	ČR

Od	roku 2007	se	celkový počet léčených diabetiků zvýšil o	16	%	z	asi 800	000	na 930	000.	Při podobném
tempu růstu překročí počet léčených diabetiků magický jeden milion asi v	roce 2022.

Zdroj:	ÚZIS	(2016,	odkaz)
12

NÁRODNÍ ZDRAVOTNICKÝ INFORMAČNÍ SYSTÉM – AMBULANTNÍ PÉČE: NZIS REPORT č. K/1 (09/2016)
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DIABETES A OBEZITA V ČÍSLECH

Počet nově zachycených případů se každý rok zvyšuje, v roce 2015 dosáhl přibližně 80 000 nových pacientů
s diabetem.

12Zdroj: UZIS (2016)

POČET	NOVĚ	DIAGNOSTIKOVANÝCH	PACIENTŮ	V	ČR

V	roce 2015	přesáhl počet nově diagnostikovaných diabetiků poprvé 80	000	za rok.	To	je	přibližně 7x	více
než celý Rumburk dohromady,	v	ČR	je	jen 10	měst s	více než 80	000	obyvateli.

Zdroj:	ÚZIS	(2016,	odkaz)
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NÁRODNÍ ZDRAVOTNICKÝ INFORMAČNÍ SYSTÉM – AMBULANTNÍ PÉČE: NZIS REPORT č. K/1 (09/2016)
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DIABETES A OBEZITA V ČÍSLECH

Přibližně 85 % včech pacientů s diabetem v ČR trpí diabetem 2. typu – typ onemocnění, který je často

spojený s nadváhou (až 90 % pacientů) a nevhodným životním stylem obecně.

13Zdroj: UZIS (2016)

ZASTOUPENÍ	TYPŮ	CUKROVKY

Z	celkového počtu léčených diabetiků představuje cukrovka 1.	typu asi 6	%,	zatímco cukrovka 2.	typu
téměř 85	%.	Dalších 7	%	pak tvoří pre-diabetes	ve formě porušené glukózové tolerance.

Zdroj:	ÚZIS	(2016,	odkaz)
13
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DIABETES A OBEZITA V ČÍSLECH

V roce 2016 byl zákonem zřízen Národní diabetologický registr (NDR), nicméně podle aktuálních zpráv
ÚZIS dosud není v provozu. Velmi zajímavým údajem by byl počet kompletních dlouhodobých remisí DM2.

14Zdroj: UZIS (2019)

http://www.uzis.cz/registry/narodni-zdravotni-registry/narodni-diabetologicky-registr
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3 Nový pohled na patofyziologii DM2



DeFronzův oktet

1) jaterní inzulinová rezistence

2) svalová inzulinová rezistence

3) selhávání sekrece beta buněk, redukce počtu

4) inzulinová rezistence tukové tkáně

5) snížený inkretinový efekt 

6) nadprodukce glukagonu a zvýšená odezva jater

7) zvýšená reabsorpce glukózy v ledvinách

8) rezistence mozku na anorektický efekt inzulinu

NOVÝ POHLED NA PATOFYZIOLOGII DIABETU 2. TYPU

Některé novější poznatky upřesňují a doplňují DeFronzův oktet, a nabízejí také oporu pro fyziologické
změny způsobené kalorickou a sacharidovou restrikcí ve vztahu k remisi DM2.

16Zdroj: DeFronzo (2009), Frayn (2002), Taylor (2015), Goosens (2017), Hussain (2019), Hall (2019), Kohutiar (2019), Bojsen-Moller (2018), Lundsgaard (2017), Lim (2011)

Nové poznatky

• DeFronzovu oktetu předchází ektopické ukládání tuku

• rozvoj DM2 – ektopický tuk v játrech, svalech, 
pankreatu

• individuální nastavení „tukového prahu”

• „zdravá“ obezita souvisí s množstvím ektopického tuku

• generalizovaná lipodystrofie a metabolické poruchy

• kvalita stravy a účinek na spontánní příjem kalorií 

• lipolýza u IR obézních výrazně snížená (x DeFronzo)

• lipotoxicita u IR spojena s TAG a ektopickým tukem

• snížená jaterní clearance inzulinu 

• „hepatické řízení“ inzulinémie: zvýšený příjem 
sacharidů vs kalorická a sacharidová restrikce 



VYSOCE ZPRACOVANÁ STRAVA

Čerstvá studie Hall (2019) poprvé v RCT designu ukázala, že příjem stravy s vysokým zastoupením vysoce
zpracovaných potravinářských produktů vede ke zvýšení hmotnosti a tukové tkáně.

17Zdroj: Hall (2019)

and average daily glucose levels measured by continuous
glucose monitoring (CGM) (99.1 ± 1.3 mg/dL versus 96.0 ±
1.3 mg/dL; p = 0.10) tended to be slightly higher compared to
the unprocessed diet.

Table 2 reports the average daily energy expenditure as
measured by the doubly labeled water (DLW) method during
each diet period. The respiratory chamber measurements of en-
ergy expenditure were 191 ± 73 kcal/day lower than the DLW
measurements during the ultra-processed diet (p = 0.02) and
not significantly different during the unprocessed diet (!70 ±
75 kcal/day; p = 0.36). The ultra-processed diet led to slightly
higher energy expenditure by DLW compared to the unpro-
cessed diet (171 ± 56 kcal/day; p = 0.006). Since overall physical
activity quantified by accelerometry did not detect significant dif-
ferences between the diet periods (Table 2), the DLW energy
expenditure differences were likely due to the differing states
of energy balance between the diets.

Energy intake was calculated from the measured foods and
beverages consumed using their estimated nutrient composition
and metabolizable energy densities. Table 2 shows that energy
intake was 417 ± 121 kcal/day (p = 0.003) more than energy

expenditure by DLW during the ultra-processed diet in accor-
dance with the observed gain in body weight and fat. However,
despite significant body weight and fat loss during the unpro-
cessed diet, energy intake was nominally higher than energy
expenditure by DLW by 116 ± 111 kcal/day, but this difference
was not statistically significant (p = 0.31).
Changes in body energy stores were calculated using the

repeated body composition measurements and were found to
be increasing by 307 ± 85 kcal/day (p = 0.002) during the ultra-
processed diet and decreasing by 220 ± 88 kcal/day (p = 0.02)
during the unprocessed diet. Energy balance calculated as en-
ergy intake minus expenditure by DLW was not significantly
different from the calculated rate of change of body energy
stores during the ultra-processed diet (111 ± 111 kcal/day; p =
0.33) but was 382 ± 92 kcal/day (p = 0.0007) greater during the
unprocessed diet.
The limited precision of the DLW method, with an intrasubject

coefficient of variation of "8%–15% (Black and Cole, 2000),
along with the limited precision and accuracy of measured
body composition changes (Lohman et al., 2000; M€uller et al.,
2012; Pourhassan et al., 2013), may have led to the discrepant

Figure 3. Body Weight and Composition Changes
(A) The ultra-processed diet led to increased body weight over time whereas the unprocessed diet led to progressive weight loss. Data are expressed as

mean ± SE.

(B) Differences in body weight change between the ultra-processed and unprocessed diets were highly correlated with the corresponding energy intake

differences. Data are expressed as mean ± SE.

(C) Body fat mass increased over time with the ultra-processed diet and decreased with the unprocessed diet. Data are expressed as mean ± SE.

(D) Body weight, body fat, and fat-free mass changes between the beginning and end of each diet period. Data are expressed as mean ± SE, and p values are

from paired, two-sided t-tests.
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SHULMANŮV TÝM

Chronický energetický nadbytek v kombinaci s defekty metabolismu mastných kyselin v adipocytech
(překročení PFT) vede ke zvýšení toku mastných kyselin a ukládání ektopického tuku ve svalech i játrech.

18Zdroj: Shulman (2014)



SHULMANŮV TÝM

V kontextu inzulinové rezistence pak sacharidy ve stravě zvyšují hepatickou de novo lipogenezi, a vedou

mj. ke zvýšení triacylglycerolu a snížení HDL-cholesterolu. Pohyb má protektivní efekt.

19Zdroj: Shulman (2014)
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4 Redukce hmotnosti, remise a regrese DM2



VIRTA HEALTH

Klinické studie i klinická doporučení používají různé definice regrese a remise DM2, a dostatečné snížení

ektopického tuku zejména v játrech a pankreatu je obvykle spojeno s výraznější redukcí hmotnosti.

21Zdroj: Athinarayanan (2019)
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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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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 
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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.
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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 
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Po prvním roce dosáhlo snížení hmotnosti o 15 a více kilogramů 24 % účastníků intervenční větvě (nikdo v 
kontrolní větvi), remise DM2 pak dosáhlo 46 % z nich.

26Zdroj: Figure 2 in Lean (2017)
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in the intervention group than in the control group 
(p<0·0001). Changes in concentrations of total or HDL 
cholesterol did not differ significantly between groups 
(appendix p 9). There were no differences between groups 
in change in levels of measured physical activity over 
12 months (appendix p 6).

Programme acceptability was assessed in several ways. 
Full process evaluation and analysis of quali tative 
information from transcribed interviews of participants 
and health-care staff, during each phase of the inter-
vention, will be presented separately. Figure 3 shows 
retention and attrition rates at each phase of the inter-
vention, and adherence reflected by weight changes.

Overall, 32 (21%) participants withdrew prematurely 
from the intervention programme. For participants who 
commenced treatment (n=26), the main reason for 
withdrawal was a social reason (appendix p 7). In 
assessment of sleep quality, changes in neither sleep 
duration nor sleep efficiency differed significantly between 
groups at 12 months (appendix p 6).

Mean blood pressure at 12 months was similar 
between groups (table 2). However, antihypertensive 
drugs had been withdrawn in 38 (48%) of 80 participants 
who had taken them at baseline in the intervention 

group, and in no participants in the control group. 
At 12 months, antihypertensive drugs were being 
prescribed to 47 (32%) of 148 participants in the 
intervention group (n=29 one drug, n=18 two or more 
drugs), compared with 91 (61%) of 148 participants in 
the control group (n=43 one drug, n=48 two or more 
drugs; p=0·0001; appendix p 8).

At 12 months, the number of participants being 
prescribed medications other than antidiabetic and anti-
hypertensive was lower in the intervention group than the 
control group (n=121 [82%] vs n=133 [90%]; p=0·0486), but 
there was no difference in the number of other medications 
prescribed (median 3 [IQR 1–5] in both groups) or in the 
change from baseline (0 [–1 to 1] in the intervention group 
vs 0 [0–1] in the control group; p=0·6920).

Mean drug prescriptions (including antidiabetic, 
antihypertensive, lipid-lowering, and all other medi-
cations) at baseline were 5·6 (SD 3·5) in the intervention 
group and 5·7 (3·8) in the control group; at 12 months, 
these figures were 4·8 (4·3) and 6·5 (4·1), respectively 
(p<0·0001). Antidepressant drugs were being taken by 
40 (27%) participants in the intervention group and 
28 (19%) participants in the control group at baseline; no 
significant change was observed at 12 months (n=40 [27%] 
vs n=31 [21]; p=0·2506; appendix). In the intervention 
group, the proportion of participants taking no pre-
scription drugs increased from 2% (n=3) at baseline to 
11·5% (n=17) at 12 months, with no change in the control 
group (n=3 [2%] at both timepoints; Fisher’s exact 
p=0·0018).

During the 12 month follow-up period, nine serious 
adverse events were reported by seven (4%) of 
157 participants in the intervention group and two were 
reported by two (1%) participants in the control group 
(table 3). No participants died. Two serious adverse 
events (biliary colic and abdominal pain), occurring in 
the same participant, were deemed potentially related to 
the intervention. The remainder of events were for brief 
overnight admissions for unrelated events or investi-
gations. No serious adverse events led to withdrawal 
from the study.

The appendix (p 10) shows the number of participants 
who self-reported adverse events that were pre specified 
as being of interest during the intervention. Of 
139 participants who underwent total diet replacement, 
the most frequently reported adverse events, occurring 
over a mean duration of 16·0 weeks (SD 5·3), were 
constipation (n=65), increased sensitivity to cold (n=51), 
headache (n=53), and dizziness (n=49). Most of these 
adverse events were of mild or moderate severity and 
dissipated over time (appendix p 10). Besides constipation, 
no event required treatment. Fewer adverse events were 
reported during the food reintroduction and weight loss 
management phases than during the total diet 
replacement phase (appendix p 10). Information about 
symptoms was collected only from participants in the 
intervention group.
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Figure 2: Primary outcomes and remission of diabetes in relation to weight loss at 12 months
(A) First co-primary outcome: achievement of at least 15 kg weight loss at 12 months. (B) Second co-primary 
outcome: remission of diabetes (glycated haemoglobin <6·5% [48mmol/mol], off antidiabetic medication for 
2 months). (C) Remission of diabetes, in relation to weight loss achieved at 12 months (both groups combined).
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Pravděpodobnost dosažení remise úzce souvisela s úspěšnosA redukce hmotnosD, podskupina účastníků, 

která dosáhla snížení o 15 a více kilogramů, měla největší šanci na remisi DM2.
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in the intervention group than in the control group 
(p<0·0001). Changes in concentrations of total or HDL 
cholesterol did not differ significantly between groups 
(appendix p 9). There were no differences between groups 
in change in levels of measured physical activity over 
12 months (appendix p 6).

Programme acceptability was assessed in several ways. 
Full process evaluation and analysis of quali tative 
information from transcribed interviews of participants 
and health-care staff, during each phase of the inter-
vention, will be presented separately. Figure 3 shows 
retention and attrition rates at each phase of the inter-
vention, and adherence reflected by weight changes.

Overall, 32 (21%) participants withdrew prematurely 
from the intervention programme. For participants who 
commenced treatment (n=26), the main reason for 
withdrawal was a social reason (appendix p 7). In 
assessment of sleep quality, changes in neither sleep 
duration nor sleep efficiency differed significantly between 
groups at 12 months (appendix p 6).

Mean blood pressure at 12 months was similar 
between groups (table 2). However, antihypertensive 
drugs had been withdrawn in 38 (48%) of 80 participants 
who had taken them at baseline in the intervention 

group, and in no participants in the control group. 
At 12 months, antihypertensive drugs were being 
prescribed to 47 (32%) of 148 participants in the 
intervention group (n=29 one drug, n=18 two or more 
drugs), compared with 91 (61%) of 148 participants in 
the control group (n=43 one drug, n=48 two or more 
drugs; p=0·0001; appendix p 8).

At 12 months, the number of participants being 
prescribed medications other than antidiabetic and anti-
hypertensive was lower in the intervention group than the 
control group (n=121 [82%] vs n=133 [90%]; p=0·0486), but 
there was no difference in the number of other medications 
prescribed (median 3 [IQR 1–5] in both groups) or in the 
change from baseline (0 [–1 to 1] in the intervention group 
vs 0 [0–1] in the control group; p=0·6920).

Mean drug prescriptions (including antidiabetic, 
antihypertensive, lipid-lowering, and all other medi-
cations) at baseline were 5·6 (SD 3·5) in the intervention 
group and 5·7 (3·8) in the control group; at 12 months, 
these figures were 4·8 (4·3) and 6·5 (4·1), respectively 
(p<0·0001). Antidepressant drugs were being taken by 
40 (27%) participants in the intervention group and 
28 (19%) participants in the control group at baseline; no 
significant change was observed at 12 months (n=40 [27%] 
vs n=31 [21]; p=0·2506; appendix). In the intervention 
group, the proportion of participants taking no pre-
scription drugs increased from 2% (n=3) at baseline to 
11·5% (n=17) at 12 months, with no change in the control 
group (n=3 [2%] at both timepoints; Fisher’s exact 
p=0·0018).

During the 12 month follow-up period, nine serious 
adverse events were reported by seven (4%) of 
157 participants in the intervention group and two were 
reported by two (1%) participants in the control group 
(table 3). No participants died. Two serious adverse 
events (biliary colic and abdominal pain), occurring in 
the same participant, were deemed potentially related to 
the intervention. The remainder of events were for brief 
overnight admissions for unrelated events or investi-
gations. No serious adverse events led to withdrawal 
from the study.

The appendix (p 10) shows the number of participants 
who self-reported adverse events that were pre specified 
as being of interest during the intervention. Of 
139 participants who underwent total diet replacement, 
the most frequently reported adverse events, occurring 
over a mean duration of 16·0 weeks (SD 5·3), were 
constipation (n=65), increased sensitivity to cold (n=51), 
headache (n=53), and dizziness (n=49). Most of these 
adverse events were of mild or moderate severity and 
dissipated over time (appendix p 10). Besides constipation, 
no event required treatment. Fewer adverse events were 
reported during the food reintroduction and weight loss 
management phases than during the total diet 
replacement phase (appendix p 10). Information about 
symptoms was collected only from participants in the 
intervention group.
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Figure 2: Primary outcomes and remission of diabetes in relation to weight loss at 12 months
(A) First co-primary outcome: achievement of at least 15 kg weight loss at 12 months. (B) Second co-primary 
outcome: remission of diabetes (glycated haemoglobin <6·5% [48mmol/mol], off antidiabetic medication for 
2 months). (C) Remission of diabetes, in relation to weight loss achieved at 12 months (both groups combined).
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Po dvou letech remisi DM2 udrželo 36 % účastníků intervenční větve.

28Zdroj: JV podle Lean (2017) a Lean (2019)

STUDIE DiRECT 
 

Stručné shrnutí 
 
Datum: 7. června 2019 
 
Tento dokument předkládá stručné shrnutí (laický překlad) studie DiRECT, publikované 
týmem Roye Taylora (Leslie 2016, Taylor 2017, Lean 2017, Xin 2018, Lean 2019), 
registrované v ISRCTN pod číslem 03267836. 
 
Studie DiRECT v kostce (sledování 24 měsíců) 
 
Diabetes 2. typu (DM2) byl dlouho považován za chronické progresivní onemocnění. Cílem 
studie DiRECT bylo zjistit, zda výrazná redukce hmotnosti v rámci běžné primární péče může 
vést k remisi DM2 (odeznění zvýšené glykemie). 
 
Do studie bylo zařazeno 306 účastníků z celkem 49 ordinací praktického lékaře ve Skotsku a 
regionu Tyneside v Anglii ve věku 20-65 let, kteří byli diagnostikováni s DM2 v posledních 
šesti letech, měli BMI 27-45 a neužívali inzulin. Intervence zahrnovala vysazení léků na 
diabetes a vysoký krevní tlak, celkovou náhradu stravy (850 kcal/den) po dobu asi 3-5 
měsíců, postupné snižování náhrady stravy a zařazování potravin, a podporu pro 
dlouhodobé udržení hmotnosti.  
 
Po 12 měsících snížilo svou hmotnost o více než 15 kg 24 % účastníků v intervenční větvi, a 
nikdo v kontrolní větvi. Remise diabetu dosáhlo 46 % účastníků v intervenční větvi, výsledek, 
jaký dosud nikdy neukázala žádná klinická studie, a 4 % v kontrolní větvi, přičemž snížení 
hmotnosti představovalo zásadní faktor. Průměrné snížení hmotnosti činilo 10 kg 
v intervenční a 1 kg v kontrolní větvi.  
 
Po 24 měsících mělo hmotnost sníženou o více než 15 kg 11 % účastníků v intervenční a 2 % 
v kontrolní větvi. Remisi diabetu udrželo 36 % účastníků v intervenční větvi (tedy zcela 
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KETOGENNÍ INTERVENCE (VIRTA)

Tým Virta Health (USA) nedávno publikoval výsledky své ”kontinuální vzdálené intervence zahrnující

nutriční ketózu” po dvou letech – šlo o nerandomizovanou kontrolovanou studii a 369 pacientů s DM2.
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Purpose: Studies on long-term sustainability of low-carbohydrate approaches to

treat diabetes are limited. We previously reported the effectiveness of a novel

digitally-monitored continuous care intervention (CCI) including nutritional ketosis in

improving weight, glycemic outcomes, lipid, and liver marker changes at 1 year. Here,

we assess the effects of the CCI at 2 years.

Materials and methods: An open label, non-randomized, controlled study with

262 and 87 participants with T2D were enrolled in the CCI and usual care (UC)

groups, respectively. Primary outcomes were retention, glycemic control, and weight

changes at 2 years. Secondary outcomes included changes in body composition, liver,

cardiovascular, kidney, thyroid and inflammatory markers, diabetes medication use and

disease status.

Results: Reductions from baseline to 2 years in the CCI group resulting from

intent-to-treat analyses included: HbA1c, fasting glucose, fasting insulin, weight, systolic

blood pressure, diastolic blood pressure, triglycerides, and liver alanine transaminase,

and HDL-C increased. Spine bone mineral density in the CCI group was unchanged.

Use of any glycemic control medication (excluding metformin) among CCI participants

declined (from 55.7 to 26.8%) including insulin (-62%) and sulfonylureas (-100%). The UC

group had no changes in these parameters (except uric acid and anion gap) or diabetes

medication use. There was also resolution of diabetes (reversal, 53.5%; remission,

17.6%) in the CCI group but not in UC. All the reported improvements had p < 0.00012.

Conclusion: The CCI group sustained long-term beneficial effects on multiple clinical

markers of diabetes and cardiometabolic health at 2 years while utilizing less medication.
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changes at 2 years. Secondary outcomes included changes in body composition, liver,

cardiovascular, kidney, thyroid and inflammatory markers, diabetes medication use and
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intent-to-treat analyses included: HbA1c, fasting glucose, fasting insulin, weight, systolic

blood pressure, diastolic blood pressure, triglycerides, and liver alanine transaminase,

and HDL-C increased. Spine bone mineral density in the CCI group was unchanged.

Use of any glycemic control medication (excluding metformin) among CCI participants

declined (from 55.7 to 26.8%) including insulin (-62%) and sulfonylureas (-100%). The UC

group had no changes in these parameters (except uric acid and anion gap) or diabetes

medication use. There was also resolution of diabetes (reversal, 53.5%; remission,

17.6%) in the CCI group but not in UC. All the reported improvements had p < 0.00012.

Conclusion: The CCI group sustained long-term beneficial effects on multiple clinical

markers of diabetes and cardiometabolic health at 2 years while utilizing less medication.



KETOGENNÍ INTERVENCE (VIRTA)

Virta Health využívá k implementaci ketogenní stravy moderní telemedicínu, která zahrnuje webovou
aplikaci, domácí měření a každodenní přístup pacientů k podpoře ze strany klinického týmu.
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MATERIALS AND METHODS

Study Design and Participants
The comprehensive study design was previously published with
the 1 year outcomes (10, 33), and the results presented here
are the follow-up 2-year results from the same ongoing five-
year clinical trial (Clinical trials.gov identifier: NCT02519309).
This is an open-label, non-randomized, outpatient study, and
results presented here are based on data from the first 2 years of
the trial collected from August, 2015 to May, 2018. Participants
aged 21 to 65 years with a confirmed diagnosis of T2D and
a body mass index (BMI) >25 kg/m2 self-selected to receive
either the CCI or usual care (UC). Major exclusion criteria are
listed in the previous publication (10, 33). All study participants
provided written informed consent and the study was approved
by the Franciscan Health Lafayette Institutional Review Board,
Lafayette, IN, USA.

Study Interventions
Continuous Care Intervention (CCI)
For the intervention group, participants were advised to achieve
and sustain nutritional ketosis (blood BHB level of 0.5–3.0 mmol
L−1) through sufficient carbohydrate restriction (initially <30 g
day−1 but gradually increased based on personal carbohydrate
tolerance and health goals). Participants’ daily protein intake was
initially targeted at a level of 1.5 g kg−1 of a medium-frame ideal
weight body and further individualized based on biomarkers.
Participants were instructed to include sufficient dietary fat
in meals to achieve satiety without tracking energy intake.
Nutrition education directed consumption of monounsaturated
and saturated fat with sufficient intake of omega-3 and omega-
6 polyunsaturated fats. The participants were also encouraged to
consume sufficient fluid, vitamins andminerals including sodium
and magnesium, especially if signs of mineral deficiency were
encountered (e.g., decreased circulating volume) (10).

The CCI participants were provided access to a web-
based software application (app), which was used to provide
telemedicine communication, online resources and biomarker
tracking tools. The participants used the app to upload and
monitor their reportable biomarkers including body weight,
blood glucose and beta-hydroxybutyrate (BHB). Biomarkers
allowed for daily feedback to the care team and individualization
of patient instruction. Frequency of reporting was personalized
over time based on care needs. The web-based app was also
used by participants to communicate with their remote care team
consisting of a health coach and a medical provider. The remote
care team provided education and support regarding dietary
changes, behavior modification techniques for maintenance of
lifestyle changes, and directed medication changes for diabetes
and antihypertensive medications. Education modules covered
core concepts related to the dietary changes for achieving
nutritional ketosis, and adaptation to andmaintenance of the diet
(10). Participants selected their preferred education mode (CCI-
virtual, n= 126 or CCI-onsite, n= 136) during recruitment. The

CLIA, Clinical Laboratory Improvement Amendments; IRB, Institutional Review
Board; DXA, dual-energy X-ray absorptiometry.

CCI-virtual group received care and education primarily via app-
based communication. The CCI-onsite group also received care
and education via clinic-based group meetings (weekly for 12
weeks, bi-weekly for 12 weeks, monthly for 6 months, and then
quarterly in the second year). All participants had access to the
app for communication with their care team, online resources,
biomarker tracking and the opportunity to participate in an
online peer community for social support.

Usual Care (UC)
The participants recruited for usual care (UC) received care
from their primary care physician or endocrinologist and were
counseled by a registered dietician as part of a diabetes education
program. These participants received the American Diabetes
Association (ADA) recommendations on nutrition, lifestyle and
diabetes management. No modification of their care was made
for the study and routine biomarkers (weight, glucose and
ketones) were not collected from these participants. This group
was used as a reference control to study the effect of disease
progression over 2 years in a cohort of participants prospectively
recruited from the same geography and healthcare system.

Figure 1 depicts the study flow from recruitment to 2 years
post-enrollment.

Outcomes
Primary Outcomes
The primary outcomes were retention, HbA1c, HOMA-
IR derived from insulin or c-peptide (formulas listed in
Supplementary Table 1), fasting glucose, fasting insulin, c-
peptide and weight.

Secondary Outcomes
Long-term body composition changes assessed in CCI
participants included bone mineral density (BMD), abdominal
fat content (CAF and A/G ratioC), and lower extremity
lean mass (LELM). Body composition was not assessed in
UC participants. Cardiovascular-related markers included
resting blood pressure (systolic and diastolic), triglycerides,
total cholesterol, HDL-C and calculated LDL-C (Friedewald
equation, Supplementary Table 1). Liver-related markers
included the liver enzymes alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and alkaline phosphatase
(ALP), bilirubin, and two calculated liver scores: non-alcoholic
liver fat score (NLF) and non-alcoholic liver fibrosis score
(NFS) (formulas in Supplementary Table 1). Kidney-related
markers included serum creatinine, uric acid, anion gap, blood
urea nitrogen (BUN), and estimated glomerular filtration rate
(eGFR). Thyroid-related markers included thyroid stimulating
hormone (TSH) and free T4. Inflammatory markers included
high sensitive C-reactive protein (hsCRP) and white blood cell
count (WBC). Changes in overall diabetes medication use, use by
class, and insulin dose were tracked over the 2 years of the trial.

The prevalence and resolution of T2D (diabetes reversal,
partial and complete remission), metabolic syndrome, liver
steatosis, and fibrosis were evaluated at baseline and 2 years using
the criteria provided in Supplementary Table 2. Assignment of
metabolic syndrome was based on the presence of three of
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Mezi účastníky intervenční větve (n=262) bylo asi 30 % pacientů na inzulinu.
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TABLE 1 | Continued

All Completers with data Dropout or missing data Completers-

Dropouts

N Mean (SD)

or ± SE

N Mean (SD)

or ± SE

N Mean (SD)

or ± SE

Mean ±

SE

Uric acid (mg/dL)

CCI-all education 261 5.85 (1.46) 193 5.88 (1.45) 68 5.77 (1.48) 0.11 ± 0.21

Usual Care 85 5.60 (1.47) 67 5.58 (1.34) 18 5.70 (1.92) 0.12 ± 0.39

CCI-all vs. usual care 0.25 ± 0.18 0.30 ± 0.20 0.07 ± 0.42

THYROID

TSH (mIU L−1)

CCI-all education 259 2.32 (1.74) 192 2.31 (1.81) 67 2.36 (1.52) −0.05 ± 0.25

Usual Care 86 3.80 (17.07) 68 4.37 (19.17) 18 1.65 (1.05) 2.72 ± 4.54

CCI-all vs. usual care −1.48 ± 1.84 −2.06 ± 2.33 0.71 ± 0.38

Free T4 (ng/dL)

CCI-all education 260 0.92 (0.17) 193 0.92 (0.18) 67 0.91 (0.17) 0.01 ± 0.02

Usual Care 86 0.88 (0.29) 68 0.87 (0.31) 18 0.89 (0.16) −0.02 ± 0.08

CCI-all vs. usual care 0.04 ± 0.03 0.05 ± 0.03 0.02 ± 0.04

OTHER

Beta-hydroxybutyrate (mmol L−1)

CCI-all education 248 0.17 (0.15) 185 0.17 (0.15) 63 0.19 (0.16) −0.03 ± 0.02

Usual Care 79 0.15 (0.13) 62 0.14 (0.11) 17 0.20 (0.18) −0.06 ± 0.04

CCI-all vs. usual care 0.02 ± 0.20 0.03 ± 0.18 −0.01 (0.04)

hsC-reactive protein (nmol L−1)

CCI-all education 249 8.54 (14.49) 186 8.92 (16.35) 63 7.44 (6.41) 1.48 ± 2.12

Usual Care 85 8.89 (8.62) 67 9.08 (8.91) 18 8.18 (7.64) 0.90 ± 2.30

CCI-all vs. usual care −0.34 ± 1.67 −0.16 ± 2.10 −0.74 ± 1.79

White blood cell (k/cumm)

CCI-all education 260 7.24 (1.89) 193 7.12 (1.82) 67 7.57 (2.08) −0.45 ± 0.27

Usual Care 86 8.14 (2.39) 67 8.15 (2.30) 19 8.08 (2.73) 0.07 ± 0.62

CCI-all vs. usual care −0.90 ± 0.28 −1.03 ± 0.31* −0.51 ± 0.58

DIABETES MEDICATION

Any diabetes medication, excluding metformin (%)

CCI-all education 262 56.87 ± 3.07 194 55.67 ± 3.58 68 60.29 ± 5.98 −4.62 ± 7.00

Usual Care 87 66.67 ± 5.08 68 66.18 ± 5.78 19 68.42 ± 10.96 −2.25 ± 12.37

CCI-all vs. usual care −9.80 ± 5.94 −10.51 ± 6.80 −8.13 ± 12.71

Sulfonylurea (%)

CCI-all education 262 23.66 ± 2.63 194 25.77 ± 3.15 68 17.65 ± 4.66 8.13 ± 5.62

Usual Care 87 24.14 ± 4.61 68 22.06 ± 5.07 19 31.58 ± 10.96 −9.52 ± 11.19

CCI-all vs. usual care −0.47 ± 5.28 3.71 ± 6.11 −13.93 ± 11.91

Insulin (%)

CCI-all education 262 29.77 ± 2.83 194 29.38 ± 3.28 68 30.88 ± 5.64 −1.50 ± 6.47

Usual Care 87 45.98 ± 5.37 68 48.53 ± 6.11 19 36.84 ± 11.37 11.69 ± 12.91

CCI-all vs. usual care −16.21 ± 6.07 −19.15 ± 6.93 −5.96 ± 12.25

Thiazolidinedione (%)

CCI-all education 262 1.53 ± 0.76 194 1.55 ± 0.89 68 1.47 ± 01.47 0.08 ± 1.74

Usual Care 87 1.15 ± 1.15 68 1.47 ± 1.47 19 0.00 ± 0.00 1.47 ± 2.79

CCI-all vs. usual care 0.38 ± 1.48 0.08 ± 1.74 1.47 ± 2.79

SGLT-2 (%)

CCI-all education 262 10.31 ± 1.88 194 9.79 ± 2.14 68 11.77 ± 3.94 −1.97 ± 4.30

Usual Care 87 14.94 ± 3.84 68 14.71 ± 4.33 19 15.79 ± 8.59 −1.08 ± 9.36

CCI-all vs. usual care −4.64 ± 4.28 −4.91 ± 4.83 −4.03 ± 8.71

(Continued)
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KETOGENNÍ INTERVENCE (VIRTA)

Ačkoliv mezi prvním a druhým rokem došlo k mírnému zvýšení HbA1C i hmotnosti, dosažené výsledky
zůstávají s ohledem na koncept ketogenní diety bez kalorického omezení radikální.
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FIGURE 4 | Adjusted mean changes from baseline to 2-years in the CCI group for (A) Weight (−10% relative to baseline, P = 8.8 × 10−28), (B) Central Abdominal

Fat [CAF] (−15% relative to baseline, P = 1.6 × 10−21), (C) Systolic Blood Pressure (−4% relative to baseline, P = 2.4 × 10−6), (D) Diastolic Blood Pressure (−4%

relative to baseline, P = 3.3 × 10−5) (E) Alanine aminotransferase [ALT] (−21% relative to baseline, P = 4.0 × 10−10), and (F) High sensitive C-reactive protein

[hsCRP](−37% relative to baseline, P = 6.9 × 10−13).

and an obtained laboratory value for HbA1c were 37.8 and
14.9%, respectively. CCI diabetes reversal exceeds remission as
prescriptions for metformin were usually continued given its
role in preventing disease progression (10, 59), preserving β-cell
function (59) and in the treatment of pre-diabetes per guidelines
(28). Partial and complete remission rates of 2.4 and 0.2%
per year, respectively, were reported in 122,781 T2D patients
receiving standard diabetes care (4). The 2 year remission rate
(both partial and complete) in the CCI (17.6%) is higher than
that achieved through intensive lifestyle intervention (ILI) in

the Look AHEAD trial (9.2%) (5). Greater diabetes remission
in the CCI vs. Look AHEAD ILI could result from differences
in the dietary intervention (23), patients’ ability to self-select
their lifestyle change or effectiveness of continuous remote care.
Length of time with a T2D diagnosis is a factor in remission, with
longer time since diagnosis resulting in lower remission (4, 5, 9).
Despite a mean and median of 8.4 and 7 years since diagnosis
among CCI participants, the remission rate was higher than the
Look AHEAD trial where its participants had a median of 5 years
(4) since diabetes diagnosis.
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FIGURE 2 | Adjusted mean changes from baseline to 2 years in the CCI group for (A) HbA1c (−12% relative to baseline, P = 1.8×10−17), (B) Fasting insulin (−42%

relative to baseline, P = 2.2 × 10−18).

FIGURE 3 | Medication and insulin dose changes from baseline to 2 years for CCI and UC group completers. (A) Percent of completers taking diabetes medications,

excluding metformin. (B) Mean ± SE prescribed insulin dose among baseline users. (C) Frequency of medication dosage and use change among prescribed users by

diabetes medication class.

changes in HbA1c from baseline to 2 years, even though the low-
carbohydrate arm reduced HbA1c in the first 6 months (53, 54).

Criticisms of low-carbohydrate diets relate to poor adherence
and long-term sustainability (25, 26, 28). In this CCI, self-
monitoring combined with continuous remote-monitoring and
feedback from the care team, including behavioral support and
nutrition advice via the app, may have improved accountability
and engagement (58). In addition to glucose and weight tracking,
dietary adherence was monitored by blood ketones. The 2 year
BHB increase above baseline demonstrates sustained dietary
modification. While laboratory BHB levels were increased from
baseline, the encouraged range of nutritional ketosis (≥0.5mM)
was observed in only aminority (14.1%) of participants at 2 years.

On average, patient-measured BHB was ≥0.5mM for 32.8% of
measurements over the 2 years (Supplementary Figure 4).
This reveals an opportunity to increase adherence
to nutritional ketosis for patients not achieving their
desired health outcomes while prompting future research
investigating the association between dietary adherence and
health improvements.

A majority of the CCI participants (53.5%) met criteria
for diabetes reversal at 2 years while 17.6% achieved diabetes
remission (i.e., glycemic control without medication use) based
on intent-to-treat with multiple imputation. The percentage
of all CCI enrollees (N = 262) with verified reversal and
remission requiring both completion of 2 years of the trial
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KETOGENNÍ INTERVENCE (VIRTA)

Regrese DM2 dosáhlo 53 % účastníků, remise 17 %, a kompletní remise 6 % účastníků v intervenční větvi. 
Kontrolní větev zaznamenala 2 účastníky v částečné remisi, žadného v kompletní remisi.
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Americans was higher in the CCI group. Baseline characteristics
were well-matched between the groups, except for mean weight
and BMI, which were higher in the CCI group. There were
no differences between completers and dropouts on baseline
characteristics for either group.

Retention and Long-Term
Dietary Adherence
One hundred ninety four participants (74% of 262) remained
enrolled in the CCI at 2 years (Figure 1), as did 68 UC
group participants (78% of 87). CCI-participant-reported reasons
for dropout included: intervening life events (e.g., family
emergencies), difficulty attending or completing laboratory and
clinic visits associated with the trial, and insufficient motivation
for participation in the intervention. At both 1 and 2 years,
laboratory-measured blood BHBwas 0.27± 0.02 mmol L−1, 50%
higher than the baseline value (0.18± 0.01mmol L−1). Themean
laboratory BHB level was stable from 1 to 2 years, and 61.5% (n
= 161) of participants uploaded a blood BHBmeasurement >0.5
mmol L−1 in the app at least once between 1 and 2 years.

Glycemic Control
HbA1c improved at 2 years (0.9% unit decrease, P = 1.8 ×

10−17; Figure 2A) among CCI participants and was lower than
the UC group. Related markers including C-peptide, fasting
glucose, fasting insulin (Figure 2B), insulin-derived HOMA-
IR excluding exogenous insulin users, and c-peptide-derived
HOMA-IR also significantly decreased after correction for
multiple comparisons in the CCI group at 2 years and were
lower than the UC group (except C-peptide); no changes
from baseline to 2 years were observed in the UC group
(Supplementary Figures 1A,B; Table 2).

Within the CCI, reduction in glycemia occurred concurrently
with reduced medication use (Supplementary Table 3). The
proportion of CCI completers taking any diabetes medication
(excluding metformin) decreased at 2 years (Figure 3A). The
mean dose among CCI participants prescribed insulin at baseline
decreased by 81% at 2 years (from 81.9 to 15.5 U/day), but
not among UC participants (+13%; from 96.6 to 109.3 U/day)
(Figure 3B). For participants who remained insulin-users at 2
years, mean dose also decreased in the CCI by 61% (from 104.3
to 40.2 U/day, P = 9.2 × 10−5) but not in UC participants
(+19% from 103.8 to 123.5 U/day, P = 0.29). Among completers
prescribed each diabetes medication class, the proportion with
each dosage change (eliminated, reduced, unchanged, increased
or newly added) at 2 years in each group appears in Figure 3C.

Diabetes Status
All within-group changes and between-group differences in
diabetes status among the CCI and UC group participants
appear in Supplementary Table 4 (intent-to-treat analyses were
conducted, all below ns = 262). The proportion of participants
meeting the defined criteria for diabetes reversal at 2 years
increased to 53.5% from baseline in the CCI group, whereas
no change was observed in the UC group. Diabetes remission
(partial or complete) was observed in 46 (17.6%) participants in
the CCI group and two (2.4%) of the UC participants at 2 years.

Complete remission was observed in 17 (6.7%) CCI participants
and none (0%) of the UC participants at 2 years.

Weight and Body Composition Outcomes
At 2 years, the mean weight reduction from baseline was
−10% (Figure 4A) in the CCI group, whereas no change was
observed in the UC group (Supplementary Figure 1C). Among
CCI patients, 74% had ≥5% weight loss compared to only 14%
of UC patients (Supplementary Figure 2; completers analysis, n
= 193). Consistent with the weight loss observed, the CCI group
had reductions in abdominal fat content with decreases in CAF
(Figure 4B) and the A/G ratio from baseline to 2 years (Table 2).
Total spine BMD within the CCI remained unchanged from
baseline to 2 years after correction for multiple comparisons,
whereas the average LELM was reduced from baseline to 2
years (Table 2).

Cardiovascular Risk Factor Outcomes
Decreases in systolic (Figure 4C) and diastolic (Figure 4D) blood
pressures and triglycerides were observed in the CCI but not
UC group at 2 years (Table 2; Supplementary Figures 3A,B).
The CCI group’s HDL-cholesterol and LDL-cholesterol both
increased from baseline to 2 years, whereas no changes were
observed in the UC group (Table 2). No changes in total
cholesterol were observed in either the CCI or UC group. At 2
years, the CCI group had higher HDL-cholesterol, higher LDL-
cholesterol, and lower triglycerides than UC. No between-group
differences were observed at 2 years in systolic or diastolic blood
pressure or total cholesterol (Table 2).

Liver-Related Outcomes
Reductions were observed in liver-related outcomes including
ALT (Figure 4E), AST, ALP, NLF and NFS in the CCI group,
whereas no changes were observed in the UC group (Table 2,
e.g., ALT; Supplementary Figure 3C). No Bonferroni-corrected
group differences were observed for bilirubin, ALT, or AST at 2
years (Table 2).

Kidney, Thyroid, and
Inflammation Outcomes
The eGFR increased in the CCI but not UC group at 2 years
(Table 2). The UC but not CCI group had increased anion
gap and decreased uric acid. No bonferroni-corrected within-
group changes in BUN, serum creatinine, TSH, or Free T4 were
observed in either the CCI or UC group from baseline to 2 years.
No between-group differences were observed for any thyroid- or
kidney-related markers at 2 years (Table 2).

From baseline to 2 years, decreases in the CCI group’s hsCRP
(Figure 4F) and white blood cells were observed. No changes
were observed in the UC group (Supplementary Figure 3D). At
2 years, both markers of inflammation were lower in the CCI
group compared to the UC group (Table 2).

Related Comorbidities
All within-group changes and between-group differences in
comorbidities status among the CCI and UC group participants
appear in Supplementary Table 4 (intent-to-treat analyses were
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Americans was higher in the CCI group. Baseline characteristics
were well-matched between the groups, except for mean weight
and BMI, which were higher in the CCI group. There were
no differences between completers and dropouts on baseline
characteristics for either group.

Retention and Long-Term
Dietary Adherence
One hundred ninety four participants (74% of 262) remained
enrolled in the CCI at 2 years (Figure 1), as did 68 UC
group participants (78% of 87). CCI-participant-reported reasons
for dropout included: intervening life events (e.g., family
emergencies), difficulty attending or completing laboratory and
clinic visits associated with the trial, and insufficient motivation
for participation in the intervention. At both 1 and 2 years,
laboratory-measured blood BHBwas 0.27± 0.02 mmol L−1, 50%
higher than the baseline value (0.18± 0.01mmol L−1). Themean
laboratory BHB level was stable from 1 to 2 years, and 61.5% (n
= 161) of participants uploaded a blood BHBmeasurement >0.5
mmol L−1 in the app at least once between 1 and 2 years.

Glycemic Control
HbA1c improved at 2 years (0.9% unit decrease, P = 1.8 ×

10−17; Figure 2A) among CCI participants and was lower than
the UC group. Related markers including C-peptide, fasting
glucose, fasting insulin (Figure 2B), insulin-derived HOMA-
IR excluding exogenous insulin users, and c-peptide-derived
HOMA-IR also significantly decreased after correction for
multiple comparisons in the CCI group at 2 years and were
lower than the UC group (except C-peptide); no changes
from baseline to 2 years were observed in the UC group
(Supplementary Figures 1A,B; Table 2).

Within the CCI, reduction in glycemia occurred concurrently
with reduced medication use (Supplementary Table 3). The
proportion of CCI completers taking any diabetes medication
(excluding metformin) decreased at 2 years (Figure 3A). The
mean dose among CCI participants prescribed insulin at baseline
decreased by 81% at 2 years (from 81.9 to 15.5 U/day), but
not among UC participants (+13%; from 96.6 to 109.3 U/day)
(Figure 3B). For participants who remained insulin-users at 2
years, mean dose also decreased in the CCI by 61% (from 104.3
to 40.2 U/day, P = 9.2 × 10−5) but not in UC participants
(+19% from 103.8 to 123.5 U/day, P = 0.29). Among completers
prescribed each diabetes medication class, the proportion with
each dosage change (eliminated, reduced, unchanged, increased
or newly added) at 2 years in each group appears in Figure 3C.

Diabetes Status
All within-group changes and between-group differences in
diabetes status among the CCI and UC group participants
appear in Supplementary Table 4 (intent-to-treat analyses were
conducted, all below ns = 262). The proportion of participants
meeting the defined criteria for diabetes reversal at 2 years
increased to 53.5% from baseline in the CCI group, whereas
no change was observed in the UC group. Diabetes remission
(partial or complete) was observed in 46 (17.6%) participants in
the CCI group and two (2.4%) of the UC participants at 2 years.

Complete remission was observed in 17 (6.7%) CCI participants
and none (0%) of the UC participants at 2 years.

Weight and Body Composition Outcomes
At 2 years, the mean weight reduction from baseline was
−10% (Figure 4A) in the CCI group, whereas no change was
observed in the UC group (Supplementary Figure 1C). Among
CCI patients, 74% had ≥5% weight loss compared to only 14%
of UC patients (Supplementary Figure 2; completers analysis, n
= 193). Consistent with the weight loss observed, the CCI group
had reductions in abdominal fat content with decreases in CAF
(Figure 4B) and the A/G ratio from baseline to 2 years (Table 2).
Total spine BMD within the CCI remained unchanged from
baseline to 2 years after correction for multiple comparisons,
whereas the average LELM was reduced from baseline to 2
years (Table 2).

Cardiovascular Risk Factor Outcomes
Decreases in systolic (Figure 4C) and diastolic (Figure 4D) blood
pressures and triglycerides were observed in the CCI but not
UC group at 2 years (Table 2; Supplementary Figures 3A,B).
The CCI group’s HDL-cholesterol and LDL-cholesterol both
increased from baseline to 2 years, whereas no changes were
observed in the UC group (Table 2). No changes in total
cholesterol were observed in either the CCI or UC group. At 2
years, the CCI group had higher HDL-cholesterol, higher LDL-
cholesterol, and lower triglycerides than UC. No between-group
differences were observed at 2 years in systolic or diastolic blood
pressure or total cholesterol (Table 2).

Liver-Related Outcomes
Reductions were observed in liver-related outcomes including
ALT (Figure 4E), AST, ALP, NLF and NFS in the CCI group,
whereas no changes were observed in the UC group (Table 2,
e.g., ALT; Supplementary Figure 3C). No Bonferroni-corrected
group differences were observed for bilirubin, ALT, or AST at 2
years (Table 2).

Kidney, Thyroid, and
Inflammation Outcomes
The eGFR increased in the CCI but not UC group at 2 years
(Table 2). The UC but not CCI group had increased anion
gap and decreased uric acid. No bonferroni-corrected within-
group changes in BUN, serum creatinine, TSH, or Free T4 were
observed in either the CCI or UC group from baseline to 2 years.
No between-group differences were observed for any thyroid- or
kidney-related markers at 2 years (Table 2).

From baseline to 2 years, decreases in the CCI group’s hsCRP
(Figure 4F) and white blood cells were observed. No changes
were observed in the UC group (Supplementary Figure 3D). At
2 years, both markers of inflammation were lower in the CCI
group compared to the UC group (Table 2).

Related Comorbidities
All within-group changes and between-group differences in
comorbidities status among the CCI and UC group participants
appear in Supplementary Table 4 (intent-to-treat analyses were
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Průměrná denní dávka inzulinu v intervenční větvi klesla o 81 % z 82 na 15 mezinárodních jednotek.
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Americans was higher in the CCI group. Baseline characteristics
were well-matched between the groups, except for mean weight
and BMI, which were higher in the CCI group. There were
no differences between completers and dropouts on baseline
characteristics for either group.

Retention and Long-Term
Dietary Adherence
One hundred ninety four participants (74% of 262) remained
enrolled in the CCI at 2 years (Figure 1), as did 68 UC
group participants (78% of 87). CCI-participant-reported reasons
for dropout included: intervening life events (e.g., family
emergencies), difficulty attending or completing laboratory and
clinic visits associated with the trial, and insufficient motivation
for participation in the intervention. At both 1 and 2 years,
laboratory-measured blood BHBwas 0.27± 0.02 mmol L−1, 50%
higher than the baseline value (0.18± 0.01mmol L−1). Themean
laboratory BHB level was stable from 1 to 2 years, and 61.5% (n
= 161) of participants uploaded a blood BHBmeasurement >0.5
mmol L−1 in the app at least once between 1 and 2 years.

Glycemic Control
HbA1c improved at 2 years (0.9% unit decrease, P = 1.8 ×

10−17; Figure 2A) among CCI participants and was lower than
the UC group. Related markers including C-peptide, fasting
glucose, fasting insulin (Figure 2B), insulin-derived HOMA-
IR excluding exogenous insulin users, and c-peptide-derived
HOMA-IR also significantly decreased after correction for
multiple comparisons in the CCI group at 2 years and were
lower than the UC group (except C-peptide); no changes
from baseline to 2 years were observed in the UC group
(Supplementary Figures 1A,B; Table 2).

Within the CCI, reduction in glycemia occurred concurrently
with reduced medication use (Supplementary Table 3). The
proportion of CCI completers taking any diabetes medication
(excluding metformin) decreased at 2 years (Figure 3A). The
mean dose among CCI participants prescribed insulin at baseline
decreased by 81% at 2 years (from 81.9 to 15.5 U/day), but
not among UC participants (+13%; from 96.6 to 109.3 U/day)
(Figure 3B). For participants who remained insulin-users at 2
years, mean dose also decreased in the CCI by 61% (from 104.3
to 40.2 U/day, P = 9.2 × 10−5) but not in UC participants
(+19% from 103.8 to 123.5 U/day, P = 0.29). Among completers
prescribed each diabetes medication class, the proportion with
each dosage change (eliminated, reduced, unchanged, increased
or newly added) at 2 years in each group appears in Figure 3C.

Diabetes Status
All within-group changes and between-group differences in
diabetes status among the CCI and UC group participants
appear in Supplementary Table 4 (intent-to-treat analyses were
conducted, all below ns = 262). The proportion of participants
meeting the defined criteria for diabetes reversal at 2 years
increased to 53.5% from baseline in the CCI group, whereas
no change was observed in the UC group. Diabetes remission
(partial or complete) was observed in 46 (17.6%) participants in
the CCI group and two (2.4%) of the UC participants at 2 years.

Complete remission was observed in 17 (6.7%) CCI participants
and none (0%) of the UC participants at 2 years.

Weight and Body Composition Outcomes
At 2 years, the mean weight reduction from baseline was
−10% (Figure 4A) in the CCI group, whereas no change was
observed in the UC group (Supplementary Figure 1C). Among
CCI patients, 74% had ≥5% weight loss compared to only 14%
of UC patients (Supplementary Figure 2; completers analysis, n
= 193). Consistent with the weight loss observed, the CCI group
had reductions in abdominal fat content with decreases in CAF
(Figure 4B) and the A/G ratio from baseline to 2 years (Table 2).
Total spine BMD within the CCI remained unchanged from
baseline to 2 years after correction for multiple comparisons,
whereas the average LELM was reduced from baseline to 2
years (Table 2).

Cardiovascular Risk Factor Outcomes
Decreases in systolic (Figure 4C) and diastolic (Figure 4D) blood
pressures and triglycerides were observed in the CCI but not
UC group at 2 years (Table 2; Supplementary Figures 3A,B).
The CCI group’s HDL-cholesterol and LDL-cholesterol both
increased from baseline to 2 years, whereas no changes were
observed in the UC group (Table 2). No changes in total
cholesterol were observed in either the CCI or UC group. At 2
years, the CCI group had higher HDL-cholesterol, higher LDL-
cholesterol, and lower triglycerides than UC. No between-group
differences were observed at 2 years in systolic or diastolic blood
pressure or total cholesterol (Table 2).

Liver-Related Outcomes
Reductions were observed in liver-related outcomes including
ALT (Figure 4E), AST, ALP, NLF and NFS in the CCI group,
whereas no changes were observed in the UC group (Table 2,
e.g., ALT; Supplementary Figure 3C). No Bonferroni-corrected
group differences were observed for bilirubin, ALT, or AST at 2
years (Table 2).

Kidney, Thyroid, and
Inflammation Outcomes
The eGFR increased in the CCI but not UC group at 2 years
(Table 2). The UC but not CCI group had increased anion
gap and decreased uric acid. No bonferroni-corrected within-
group changes in BUN, serum creatinine, TSH, or Free T4 were
observed in either the CCI or UC group from baseline to 2 years.
No between-group differences were observed for any thyroid- or
kidney-related markers at 2 years (Table 2).

From baseline to 2 years, decreases in the CCI group’s hsCRP
(Figure 4F) and white blood cells were observed. No changes
were observed in the UC group (Supplementary Figure 3D). At
2 years, both markers of inflammation were lower in the CCI
group compared to the UC group (Table 2).

Related Comorbidities
All within-group changes and between-group differences in
comorbidities status among the CCI and UC group participants
appear in Supplementary Table 4 (intent-to-treat analyses were
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Až 60 % pacientů v intervenční větvi užívajících inzulin na začátku studie (n=57) inzulin zcela eliminovalo, 

dalších 30 % pacientů snížilo dávky inzulinu.
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FIGURE 2 | Adjusted mean changes from baseline to 2 years in the CCI group for (A) HbA1c (−12% relative to baseline, P = 1.8×10−17), (B) Fasting insulin (−42%

relative to baseline, P = 2.2 × 10−18).

FIGURE 3 | Medication and insulin dose changes from baseline to 2 years for CCI and UC group completers. (A) Percent of completers taking diabetes medications,

excluding metformin. (B) Mean ± SE prescribed insulin dose among baseline users. (C) Frequency of medication dosage and use change among prescribed users by

diabetes medication class.

changes in HbA1c from baseline to 2 years, even though the low-
carbohydrate arm reduced HbA1c in the first 6 months (53, 54).

Criticisms of low-carbohydrate diets relate to poor adherence
and long-term sustainability (25, 26, 28). In this CCI, self-
monitoring combined with continuous remote-monitoring and
feedback from the care team, including behavioral support and
nutrition advice via the app, may have improved accountability
and engagement (58). In addition to glucose and weight tracking,
dietary adherence was monitored by blood ketones. The 2 year
BHB increase above baseline demonstrates sustained dietary
modification. While laboratory BHB levels were increased from
baseline, the encouraged range of nutritional ketosis (≥0.5mM)
was observed in only aminority (14.1%) of participants at 2 years.

On average, patient-measured BHB was ≥0.5mM for 32.8% of
measurements over the 2 years (Supplementary Figure 4).
This reveals an opportunity to increase adherence
to nutritional ketosis for patients not achieving their
desired health outcomes while prompting future research
investigating the association between dietary adherence and
health improvements.

A majority of the CCI participants (53.5%) met criteria
for diabetes reversal at 2 years while 17.6% achieved diabetes
remission (i.e., glycemic control without medication use) based
on intent-to-treat with multiple imputation. The percentage
of all CCI enrollees (N = 262) with verified reversal and
remission requiring both completion of 2 years of the trial
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CO JE TO NÍZKOSACHARIDOVÁ (LCHF) STRAVA

Mezi první zmínky o nízkosacharidové stravě v lékařské literatuře patří Rollo (1797) a ”přísně masitá
strava”, o které Josef Thomayer v roce 1908 psal jako o hlavním terapeutickém výkonu u diabetu.

37Zdroj: Rollo (1797) 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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Současné možnosti monitorování glykémie
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doplnit

CO JE TO NÍZKOSACHARIDOVÁ (LCHF) STRAVA

Nízkosacharidová (LCHF) strava je založena na konzumaci kvalitních zdrojů bílkovin (maso, ryby, vajíčka, 
vnitřnosti, mléčně výrobky, ořechy, semínka), které většinou obsahují i dostatek tuků, a zeleniny.

38Zdroj: Ted Naiman, Vyjídák (2018) na Neslazeno.cz



MAKRONUTRIČNÍ SLOŽENÍ (TROJPOMĚR)

Běžná vyvážená strava obsahuje obvykle 55 % energie v sacharidech, 30 % v tucích a 15 % v bílkovinách
(STB poměr 55:30:15). Nízkosacharidová strava má např. STB 10:75:15, obvykle do 130 g sacharidů denně.
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Tahák loukarbisty – příručka nízkosacharidového životního stylu (LOWCARB CZ/SK) 10 

Obrázek 4.1 – Makronutriční složení různých typu stravy (a využití tukových zásob) 

 

V průběhu hubnutí se díky optimálnímu hormonálnímu nastavení (specificky jde o nízký 
poměr inzulin/glukagon) aktivně mobilizuje tuková tkáň na energii, pokud tomu nebrání 
nadměrný příjem tuku na talíři (tukový zákon).  
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Zdroj: Vyjídák (2018) na Neslazeno.cz



VYSOCE ZPRACOVANÉ POTRAVINÁŘSKÉ PRODUKTY

Dobře sestavená nízkosacharidová strava nezahrnuje komerční produkty/přípravky, které nahrazují
základní a minimálně zpracované potraviny nebo dokonce kompletně stravu.

40Zdroj: Krejčí (2018)
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tato dieta vrací v posledních letech do povědomí neuro-
logů. Stejná dieta je nyní zkoumána v souvislosti s léčbou 
některých zhoubných nádorů mozku, roztroušené skle-
rózy, Alzheimerovy choroby a dalších neurodegenerativ-
ních onemocnění [4] a také migrén [5]. Nízkosacharidová 
strava je zkoušena také v  léčbě asthma bronchiale, ne-
specifických střevních zánětů, některých kožních afekcí, 
např. psoriasis, akné nebo jako adjuvantní léčba onkolo-
gických onemocnění [6]. V posledních letech se s úspě-
chem začíná znovu prosazovat také v léčbě obezity, me-
tabolického syndromu a diabetu [7,8]. 

Nízkosacharidová strava, stejně jako jiné dietní přístupy, 
má svá pravidla, která je třeba ctít, má-li být úspěšná a vést 
k léčebnému cíli. Má také své kontraindikace, které je třeba 
respektovat, aby nenapáchala více škody než užitku.

Co je nízkosacharidová strava a její varianty
Omezení příjmu sacharidů, sacharidová restrikce, neboli 
nízkosacharidová strava má řadu variant  – Bantingova 
strava, Atkinsova strava, některé varianty paleo stravy 
atd, které se liší zejména zastoupením dvou zbývajících 
makroživin – bílkovin a tuků, případně množstvím zele-
niny a ovoce. Tento článek se zabývá nízkosacharidovou 
stravou, která je založena na normálních či základních 
potravinách a lze se jí stravovat dlouhodobě. Nezabývá 
se krátkodobými módními komerčními dietami, ve kte-
rých jsou některá jídla nahrazována práškovými protei-
novými nápoji. 

Solidní data v  léčbě diabetu 1. i 2. typu má zejména 
nízkosacharidová strava s obvyklým množstvím bílkovin 
a vyšším zastoupením tuků (LCHF – Low Carbohydrate 
High Fat) [6,9,10]. Obvykle se za nízkosacharidový způsob 
stravování považuje příjem sacharidů od 30 do 130 g za 
den. Varianty s příjmem pod 50 g vedou k tvorbě keto-
látek (ketogenní strava)  – ketolátky se stávají význam-
ným energetickým substrátem a vedou k navození tzv. 
nutriční ketózy. 

Varianta nízkosacharidové stravy by měla být volena 
s  ohledem na cílový terapeutický efekt i  individuální 
preferenci pacienta. Pro dosažení rychlejšího zlepšení 
kompenzace diabetu nebo rychlejší redukce tělesného 
tuku může být vhodná (nikoliv nutná) ketogenní vari-
anta. Některým pacientům vyhovuje a  zůstávají na ní 
dlouhodobě. V ostatních případech lze po dosažení te-
rapeutického cíle přejít na méně striktní formu. Vodít-
kem je udržení dosažených léčebných cílů a současně 
dlouhodobá udržitelnost tohoto způsobu stravování. 

Vysokoproteinové varianty nízkosacharidové stravy 
mají krátkodobě výborné a velmi slibné výsledky [11], 
přesto zůstávají pochyby z  hlediska jejich dlouhodo-
bého dopadu. Zatímco konečným produktem meta-
bolizmu tuků a sacharidů je pouze voda a oxid uhličitý, 
dalšími katabolity bílkovin je navíc urea, amoniak a ky-
selina sírová. Dosud nemáme zcela spolehlivé údaje 
o tom, jaká nálož bílkovin je pro organizmus bezpečná 
a  obvykle se doporučuje nepřekračovat příjem bílko-
vin do 2 g/kg hmotnosti/den (např. doporučení Evrop-
ského úřadu pro bezpečnost potravin – European Food 

Safety Authority/EFSA). Na druhou stranu, ani vysoko-
proteinová strava složená z obvyklých potravin (nikoliv 
proteinových doplňků užívaných např. sportovci) zpra-
vidla této maximální hranice zdaleka nedosahuje. Jedi-
nec s váhou 70 kg by se této horní hranici přiblížil, pokud 
by denně zkonzumoval např. kombinaci 300 g hovězího 
steaku, 4 vajec, 250 g tvarohu a 100 g sýru typu gouda. 
Z  hlediska diabetu má však strava s  přemírou bílkovin 
další nevýhody – část bílkovin se přeměňuje na glukózu 
a vyžaduje více inzulinu. Nižší příjem sacharidů ve stravě 
diabetika by proto neměl být nahrazován výrazně zvý-
šeným příjmem bílkovin. Příjem bílkovin je při LCHF ob-
vyklý, tj. tvoří 15–20 % přijaté energie.

Nejrůznější mylné představy o  tom, co je nízkosa-
charidová strava, jsou jednou z příčin jejího zavrhování 
ze strany odborné veřejnosti. Zatímco strava s  nízkým 
glykemickým indexem a  nízkou glykemickou náloží je 
obecně přijata a doporučována, nízkosacharidová strava 
je často zavrhována. Nízkosacharidová strava je přitom 
jednou z variant stravy s nízkou glykemickou náloží. Další 
zmatky přináší zaměňování nízkosacharidové stravy za 
bezsacharidovou. Na druhou stranu je nesprávně ozna-
čovaná jako nízkosacharidová i strava s jen mírně nižším 
zastoupením sacharidů (asi 45 %), ve které však sacharidy 
stále tvoří hlavní zdroj energetického příjmu.

Nízkosacharidová strava v praxi
Základem všech variant nízkosacharidové stravy je vy-
loučení přidaných cukrů (které ostatně nejsou žádoucí 
ani u  tradiční diabetické diety) a  navíc také čistých 
škrobů ve formě pekárenských výrobků, rýže, těstovin, 
knedlíků apod. Příjem zeleniny je typicky výrazně zvý-
šený oproti běžné stravě, neboť nahrazuje tradiční pří-
lohy. Celkový příjem tuků je na této stravě zvýšený, proto 
je o to větší důraz kladen na jejich kvalitu. Správně sesta-
vená LCHF používá základní rostlinné i živočišné tuky – 
kvalitní máslo, panenské oleje, sádlo, ořechy, semínka 
a vyhýbá se průmyslově zpracovaným tukům a olejům 
s řadou problematických složek vznikajících při jejich ra-
finaci nebo ztužování. Zdrojem bílkovin je maso, ryby, 
vejce, sýry a  další mléčné výrobky. Kvalitně sestavená 
strava vychází ze základních, co nejméně průmyslově 
upravených potravin s minimem přidaných látek, proto 
vylučuje i  většinu běžných uzenin. Do této stravy také 
nepatří žádné komerční přípravky nahrazující jídlo – pro-
teinové práškové nápoje apod. Přísnější varianta LCHF 
(příjem sacharidů do asi 50 g/den), jejímž cílem je navo-
zení nutriční ketózy, výrazně omezuje také příjem ovoce, 
sladkých druhů zeleniny a  luštěnin. Na opačném proti-
pólu jsou mírnější varianty se 100–130 g sacharidů/den, 
do nichž je zařazováno i menší množství luštěnin, celo-
zrnných obilovin, brambor či ovoce. 

Správně sestavená nízkosacharidová strava má být 
složená z kvalitních surovin, výživově hodnotná a pestrá. 
Skupiny potravin, které tato strava vylučuje (obsahující 
přidané cukry, škroby a průmyslově upravené tuky), ne-
vyžadují na rozdíl od jiných eliminačních diet substituci 
potravinovými doplňky. Výjimkou jsou redukční hypo-



DiRECT PROGRAM

Jistou výjimku tvoří klinicky ověřený program DiRECT založený na nízkoenergetických produktech (nápoje, 
polévky, tyčinky) a edukaci ke zdravému životním stylu, který ukázal radikální výsledky remise DM2.
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Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. All authors had full access to all the 
data in the study and the corresponding author had final 
responsibility for the decision to submit for publication

Results
Between July 25, 2014, and Aug 5, 2016, we recruited 
306 individuals from 49 practices (23 intervention and 
26 control); the intention-to-treat population consisted of 
149 participants in each group (figure 1). As reported 
previously,12,15 baseline characteristics were similar 
between groups (appendix).

116 (78%) of 149 participants in the intervention and 
140 (94%) of 149 in the control group attended the 24-month 
study assessment, thus overall 42 (14%) of 298 randomised 

participants did not attend at 24 months. Selected baseline 
characteristics of those who attended this visit compared 
with those who did not are shown in the appendix. 
Additional data for bodyweight and HbA1c were obtained 
from GP records, where available, such that data at 
24 months for bodyweight and for HbA1c were available for 
272 (91%) participants (129 [87%] in the intervention group 
and 143 [96%] in the control group). For the intention-to-
treat analysis, the remaining 26 participants with no data 
at 24 months, who did not attend the 24-month study 
assessment, and for whom GP records were not available 
because they had moved residence or practice and could 
not be traced, were assumed not to have met either primary 
outcome (figure 1).

The intervention group participants attended an 
average of 7·7 appointments of the possible 12 visits 
at monthly intervals during the second year (between 

Figure 2: Primary outcomes and remission of type 2 diabetes in relation to weight loss at 12 and at 24 months
Regression models adjusted for practice list size, study centre, and a random effect for practice. (A) First coprimary outcome, achievement of at least 15 kg weight 
loss, by randomised group. (B) Second coprimary outcome, remission of type 2 diabetes (HbA1c <48 mmol/mol [6·5%] and off antidiabetes drugs since baseline), by 
randomised group. (C) Remission of type 2 diabetes in relation to weight loss achieved (both randomised groups combined).
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6·5% (48 mmol/mol), they should still be receiving 
antidiabetes drug treatment.

Ethics approval for the trial was granted by West 3 Ethics 
Committee in January, 2014, with additional approvals by 
the National Health Service (NHS) health boards in 
Scotland and clinical commissioning groups in Tyneside. 
All participants provided written informed consent.

Randomisation and masking
GP practices that agreed to participate were randomly 
assigned (1:1) by the Robertson Centre for Biostatistics 
(University of Glasgow, Glasgow, UK), independently of 
the clinical research team and via a computer-generated 
list, to provide either an evidence-based weight manage-
ment programme (Counterweight-Plus; intervention) or 
best-practice care in accordance with guidelines (control). 
Randomisation was stratified by practice list size (>5700 
or <5700 people) and study region (Scotland or Tyneside).

The study statisticians (AM and C-MM) were masked 
to treatment allocation for the analysis. Because of the 
nature of the intervention, participants, carers, and 
research assistants who collected outcome data were 
aware of group allocation.

Procedures
The intervention programme (Counterweight-Plus), 
delivered entirely within a routine primary care setting by 
a trained NHS dietitian or nurse (as available locally), 
consisted of total diet replacement (825–853 kcal per day 
formula diet) for 3–5 months (flexible duration to allow 
for individual goals and circumstances), stepped food 
reintroduction (6–8 weeks), and then structured support 
for weight-loss maintenance.12 For the maintenance phase, 
from the end of food reintroduction up to 24 months, 
participants were offered monthly 30 min appointments 
with the dietitian or practice nurse, using tailored 
workbooks. In the event of weight regain greater than 2 kg 
during the maintenance phase, participants were offered 
a rescue plan of 2–4 weeks’ partial meal replacement; if 
weight regain was greater than 4 kg, participants were 
offered total diet replacement (4 weeks) and food 
reintroduction (4 weeks), with the option of orlistat 
treatment. Advice to increase daily physical activity was 
reinforced at each visit during the maintenance phase, 
although no specific targets were set. Both antidiabetes 
and antihypertensive drugs were withdrawn for the 
intervention participants on day 1 of total diet replacement, 
with protocols for their reintroduction if necessary, 
according to clinical guidelines.14 Antihypertensive drugs 
were withdrawn to avoid postural hypotension, since 
blood pressure generally decreases on commencement of 
a low-energy diet.7

The control participants continued with best-practice 
routine care with no change to dietary, medication, or 
exercise advice because of enrolment in the trial. They 
were reviewed by the study team to collect study outcome 
data at baseline, 12 months, and 24 months. Apart from 

the initial phase of the intervention, participants in both 
groups continued to receive diabetes care under current 
guidelines and standards from the National Institute of 
Health and Care Excellence in England16 and the Scottish 
Intercollegiate Guidelines Network in Scotland.17 These 
guidelines do not at present include any recommenda-
tions for therapeutic trials of drug withdrawal, which are 
left to the discretion of doctors in the event of clinical 
improvement through lifestyle changes. All study 
appointments took place at the participants’ own GP 
practices.

Outcomes
The coprimary outcomes assessed at 24 months were a 
reduction in bodyweight of 15 kg or more, and remission of 
diabetes, defined as HbA1c less than 6·5% (<48 mmol/mol) 
after withdrawal of antidiabetes drugs at baseline 
(independent of status at 12 months).18,19 We also report data 
for absolute changes in bodyweight and HbA1c, as well as 
the number of antidiabetes and antihypertensive drugs and 
the number of participants on any antidiabetes drugs at 
baseline, 12 months, and 24 months (post hoc). Secondary 
outcomes were quality of life, as measured by visual 
analogue scale, and general wellbeing by Health Utility 
Score, both from the three-level EuroQol 5 Dimensions 
(EQ-5D-3L); serum lipids (triglycerides, HDL cholesterol, 
and total cholesterol); and physical activity. Other 
prespecified outcomes were sleep quality, systolic blood 
pressure, and serious adverse events collected from 
GP records, as detailed in the trial protocol.14 Outcome data 
were collected at baseline and repeated at 12 and 
24 months as planned. All prespecified outcomes are 
reported here apart from physical activity and sleep 
quality data, which have not yet been analysed.

 We additionally assessed changes in medication and 
remission in the overall study population following 
weight loss of less than 5 kg, 5 kg to less than 10 kg, 10 kg 
to less than 15 kg, and 15 kg or more, as well as weight 
loss of at least 10 kg, as post-hoc analyses. Finally, we also 
assessed the change in weight by achieved remission at 
each timepoint and the baseline characteristics of those 
attending the 24-month visit compared with those who 
did not.

For participants who ceased to engage and did not 
attend their 12-month or 24-month trial appointments, 
data from GP records (within a window of 100 days 
before or after the scheduled follow-up date) were used, if 
available, as specified in the study protocol.15

Statistical analysis
The planned analyses were done at the individual level, in 
accordance with the intention-to-treat principle. The 
coprimary outcomes were analysed hierarchically, with 
the weight-loss outcome first, with no adjustment of the p 
values for multiple comparisons. For participants who did 
not attend the 12-month or 24-month study assessments, 
and for whom data could not be obtained from GP records, 



CHARVÁTOVA DIETA

Podobnou nízkoenergetickou dietou byla také tzv. Charvátova dieta, složená převážně ze základních a 
minimálně zpracovaných potravin, obsahující přibližně 60 g sacharidů a 1000 kcal na den. 
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1Obezita v historii lidstva
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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.
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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 

Nízkosacharidová strava v léčbě diabetes mellitus
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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



POSTAVENÍ NÍZKOSACHARIDOVÉ STRAVY V ČR (DIABETES)

Možnost stravy s vyloučením přidaných cukrů, omezení škrobů atd (LCHF) v doporučení pro těhotenskou
cukrovku je v praxi využívána podle individuálních potřeb kontroly glykémie a tolerance ze strany žen. 
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GESTAČNÍ DIABETES MELLITUS 
 

Doporučený postup screeningu, gynekologické, perinatologické, diabetologické a 
neonatologické péče 2017 

 
Materiál je konsenzuálním stanoviskem České gynekologické a porodnické společnosti 
(ČGPS), České diabetologické společnosti (ČDS) a České neonatologické společnosti ČNS) 
České lékařské společnosti Jana Evangelisty Purkyně (ČLS JEP) 
 
Pracovní skupina (podle abecedy): Andělová Kateřina, Anderlová Kateřina, Bláha Jan, 
Čechurová Daniela, Černý Miloš, Dvořák Vladimír, Kokrdová Zuzana, Krejčí Hana, Krejčí 
Vratislav, Ľubušký Marek, Pařízek Antonín, Procházka Martin, Šimják Patrik 
 
Předmluva 

Doporučený postup, který se vám dostává do rukou, je prvním komplexním mezioborovým 
materiálem, který souhrnně popisuje péči o gestační diabetes mellitus (GDM) – od screeningu, 
přes gynekologické a diabetologické sledování, péči při porodu, péči o novorozence, až po další 
sledování žen s GDM dále po porodu.  

Diagnostická kritéria pro GDM byla oproti verzi z r. 2008 změněna a sjednocena podle 
doporučení mezinárodních organizací IADPSG (The International Association of the Diabetes 
and Pregnancy Study Groups) a WHO. Je pozitivní, že také české odborné společnosti přijaly 
nová mezinárodní kritéria pro diagnózu GDM, které oproti předchozím lépe odráží riziko 
těhotenských a perinatální komplikací. Velké poděkování patří zejména prof. Antonínu Pařízkovi 
a členům výboru Perinatologické sekce ČGPS ČLS JEP, kteří se v roce 2015 zasloužili o 
dosažení konsenzu odborných společností a sjednocení diagnostiky GDM.  

Doporučený postup je ve 2. části také doplněn o správný postup screeningu GDM. Při 
screeningu a diagnostice GDM si musíme i nadále vystačit se stanovením glykémií nalačno a po 
zátěži glukózou (OGTT), které mohou být zatíženy velkou mírou nepřesnosti měření. Je proto 
nezbytně nutné respektovat preanalytické a analytické podmínky testu, abychom se na výsledek 
mohli spolehnout.  

V 3. části je popsán postup prenatální gynekologické péče o gestační diabetičky a péče při 
porodu. Postup byl navržen ve snaze minimalizovat nadbytečnou péči u pacientek s výbornou 
kompenzací GDM, a tedy nízkým rizikem těhotenských a perinatálních komplikací, a současně 
zajistit optimální péči o pacientky se zvýšeným rizikem. Péči o gestační diabetičky s nízkým 
rizikem (uspokojivou kompenzací na dietě či malých dávkách farmakoterapie, s eutrofickým 
plodem a bez přidružených komplikací) zajišťuje obvodní gynekolog a diabetolog, rodit mohou 
v běžné porodnici. Péči o gestační diabetičky se zvýšeným rizikem přebírají specializovaná 
centra.  

Ve 4. části je uvedena aktualizovaná verze diabetologické péče v těhotenství a následné péče o 
ženy s GDM po porodu. V závěrečné 5. části primáře Miloše Černého je zpracován postup 
neonatologické péče o novorozence matek s GDM.  

Věříme, že doporučený postup přispěje ke zlepšení záchytu a optimalizaci léčby této významné 
těhotenské komplikace, která má zásadní dopad na zdraví budoucích generací. 
 

 

Strava s vyloučením přidaných cukrů, omezením škrobů, umírněnou konzumací ovoce a 
dostatečným příjmem kvalitních tuků, bílkovin a zeleniny vede k lepší kompenzaci GDM a 
zajistí adekvátní výživu pro matku i plod bez nutnosti preventivní suplementace potravinovými 
doplňky.  

4.3.2. Pohybová aktivita 

Během fyziologicky probíhajícího těhotenství je doporučena středně intenzivní fyzická aktivita. 
[10] Vhodná je např. chůze, alespoň 30 minut denně. Během cvičení je nutné vyhnout se 
nárazům, nestabilitě a riziku pádu. Druh i intenzita fyzické aktivity mají být v souladu s 
doporučením gynekologa-porodníka.  

4.3.3. Farmakoterapie 

Indikací k zahájení farmakoterapie jsou opakované nálezy glykémie vyšší než doporučené 
hodnoty (viz 4.4.1), alespoň 3x ve vyšetřovaných glykemických profilech. 

Glykovaný hemoglobin (HbA1c) je v těhotenství méně spolehlivým ukazatelem kompenzace. 
Zejména při sideropenické anémii, která je v těhotenství častá, mohou být jeho hodnoty falešně 
vyšší. Zvýšený HbA1c však může odhalit nedodržování režimu nezachyceného v glykemických 
profilech. 

Před zahájením farmakoterapie musí být vyloučeny předchozí dietní chyby. Při indikaci 
farmakoterapie se zohledňují rezervy v dietních opatřeních, stáří těhotenství a růst plodu. 

Předčasné zahájení inzulinoterapie zhoršuje inzulinovou rezistenci, vede k vyšším hmotnostním 
přírůstkům ženy a nadměrné výživě plodu. 

 

4.3.3.1. Metformin 

Metformin je bezpečnou léčbou GDM. [9,14] Léčba se zahajuje dávkou 500 mg večer, kterou lze 
po několika dnech podle odpovědi zvýšit. Pro riziko dyspeptických potíží je vhodná postupná 
titrace jeho dávky. Maximální denní dávka metforminu je 3000 mg, u formy XR 2000 mg, 
zpravidla rozdělená do 2-3 dílčích dávek. 

U více než 40% léčených žen bývá nutné přidání inzulinu. Při nutnosti přidání inzulinu je 
vhodné v léčbě metforminem pokračovat, neboť může snížit potřebu dávek inzulinu až o třetinu.  

Metformin je kromě obvyklých kontraindikací uvedených v SPC u těhotných kontraindikován 
také při preeklampsii, závažnější gestační nefropatii a hepatopatii.  

Léčbu metforminem ukončujeme 48 hodin před plánovaným císařským řezem, v ostatních 
případech v den porodu. Při kojení je metformin kontraindikován.  

4.3.3.2 Inzulin 

K léčbě GDM používáme humánní inzulin nebo analoga inzulinu. Samotné zahájení léčby 
inzulinem není důvodem k hospitalizaci. Režimy léčby inzulinem jsou individuální podle 
potřeby konkrétní pacientky (jedna a více dávek krátkodobého prandiálního inzulinu, samostatné 
podání bazálního inzulinu, intenzifikovaný inzulinový režim atd.). Po porodu je léčba inzulinem 
ukončena (viz 3.4). 

4.4. Cíle léčby GDM 



POSTAVENÍ NÍZKOSACHARIDOVÉ STRAVY V ČR (DIABETES)

Doporučený postup pro diabetes 2. typu z roku 2012 předepisuje pro pacienty stravu obsahující 44 – 60 % 
kalorického příjmu v sacharidech, při 2000 kcal/den přibližně 215 až 290 gramů sacharidů denně.

44Zdroj: Tabulka 1 v ČDS (2012) 

3. PERSONÁLNÍ A TECHNICKÉ PŘEDPOKLADY DIETNÍ 
LÉČBY 

Dietní léčbu pacientů s diabetem jako součást komplexní 
terapie zajišťuje lékař vyškolený v péči o diabetiky ve spolu-
práci s nutriční terapeutkou a edukační sestrou. 
Technickými předpoklady dietní léčby diabetu jsou přede-
vším vhodné edukační materiály a případně i modely po-
travin umožňující praktickou dietní edukaci. Doporučuje 
se také využití moderní technologie – počítačové výukové 

programy a instalace obsahu živin v  potravinách a jídlech 
např. do mobilních telefonů a obdobných elektronických 
zařízení. Vyšším stupněm je pak edukace ve vybaveném edu-
kačním pracovišti pro diabetiky zajišťujícím komplexní edu-
kaci diabetika (viz Doporučený postup pro edukaci diabeti-
ků). V těchto edukačních pracovištích by měly být k dispozici 
i  skupinové edukační programy se zaměřením na dietu 
(např. tzv. konverzační mapy), případně poradenská služba 
nutričním terapeutem. 

Tab. 1: Výživová doporučení pro pacienty s diabetem

Parametr Doporučení 

Energie Redukuje se u osob, které mají BMI >25 kg/m2, obvykle není nutné regulovat u osob s BMI 
18,5−25 kg/m2 

Tuky < 35 % 

z celkové energie 

Cholesterol < 300 mg/den 

Nasycené mastné kyseliny 
Trans nenasycené mastné kyseliny

< 7 % z energetického příjmu
< 1 % z energetického příjmu 

Polyenové mastné kyseliny < 10 % z energetického příjmu

Monoenové mastné kyseliny 10−20 % z energetického příjmu, pokud je dodržena celková spotřeba tuků do 35 % 

n-3 polyenové mastné kyseliny Týdně 2−3 porce ryby a používání rostlinných zdrojů n-3 mastných kyselin pokrývá žádoucí 
spotřebu 

Sacharidy 44−60 % z energetického příjmu, výběr sacharidových potravin bohatých na vlákninu
a s nízkým glykemickým indexem 

Vláknina 
20 g/1000 kcal celkové denní energetické spotřeby, z toho 50 % rozpustné
vlákniny. Denní příjem zeleniny a ovoce v poměru 2:1 by měl dosahovat 600 g
včetně zeleniny tepelně upravené. Preferujeme zvýšený příjem luštěnin.

Glykemický index Doporučuje se přihlédnout k němu při výběru potravin bohatých na sacharidy v rámci stejné 
potravinové skupiny (např. pekárenské výrobky, p řílohy, ovoce ap.) 

Volné sacharidy (sacharóza – řepný cukr) Při uspokojivé kompenzaci diabetu do 50 g/den (max. do 10 % energetické spotřeby) v rámci 
dodržení celkové spotřeby sacharidů. Nevhodné při redukci. 

Bílkoviny 
10−20 % z energetického příjmu (odpovídá 0,8−1,5 g/kg hmotnosti), u manifestního diabetic-
kého onemocnění ledvin 0,8 g/kg normální hmotnosti/den s redukcí nejvýše na 0,6  g/kg při 
hrazení ztrát bílkovin do moči 

Antioxidanty, vitamíny, stopové prvky, 
suplementy 

Doporučují se potraviny přirozeně bohaté na antioxidanty, stopové prvky a ostatní vitamíny. 
Dále se doporučuje 1000 mg Ca/den pro prevenci osteoporózy u starších osob. 

Sůl a tekutiny
Sůl < 6 g/den, větší omezení u hypertoniků
Tekutiny: alespoň 30 ml/kg/den nebo 1−1,5 ml/1 kcal energetického výdeje + doplnit další 
ztráty tekutin 

Protein-energetická malnutrice 
Lehká: ztráta 10−20 % hmotnosti 
Těžká: nad 20 % hmotnosti

Energie 25−35 kcal/kg, proteiny 1,3−1,5 g/kg ideální hmotnosti/den, dieta je součástí léčby 
základního onemocnění 

Vegetariánská strava Alternativní dietní léčba, vždy po konzultaci s lékařem a nutričním terapeutem.
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POSTAVENÍ NÍZKOSACHARIDOVÉ STRAVY V ČR (DIABETES)

Nízkosacharidové typy stravy (pod 130 gramů sacharidů denně) jsou současně výslovně nedoporučeny, 
aby byla zajištěna funkce centrální nervové soustavy bez nutnosti glukoneogeneze z proteinů nebo tuků.

45Zdroj:  ČDS (2012) dle DMEV, strana 238

příjmu. Zejména při vyšší spotřebě sacharidů v dietě je vhod-
né konzumovat potraviny bohaté na vlákninu a s  nízkým 
glykemickým indexem (doporučují se zelenina, luštěniny, 
ovoce, a celozrnné potraviny). Na druhé straně se u pacien-
tů s diabetem nedoporučuje dieta s velmi nízkým obsahem 
sacharidů (pod 130 g/den) pro zajištění funkce CNS bez nut-
nosti glukoneogeneze z  proteinů nebo tuků. Monitorace 
příjmu sacharidů je základní strategií pro kompenzaci dia-
betu, a to zejména u pacientů na intenzivních inzulínových 
režimech a u pacientů ohrožených hypoglykémií. 
Hlavním zdrojem sacharidů mají být potraviny bohaté na 
vlákninu, vitamíny a minerály. Rozpustná vláknina by měla 
tvořit alespoň polovinu denního příjmu vlákniny. Výsledky 
studií s dietami s vysokým obsahem vlákniny prokazují 
především snížení hladiny cholesterolu, méně již ovliv-
nění ukazatelů kompenzace diabetu. Podle European 
Food Safety Authority (EFSA) z roku 2010 denní příjem 
25 g vlákniny je adekvátní pro normální funkci střev, 
s vyšším obsahem vlákniny je spojeno nižší riziko srdeč-
ních onemocnění, diabetu 2. typu a obezity. 
Pro diabetiky se doporučuje denně 20 g vlákniny/1000 
kcal denního energetického příjmu. Za potraviny bohaté 
na vlákninu (týká se hlavně pekárenských výrobků) poklá-
dáme takové, které mají v jedné porci více než 5 g vlákni-
ny. Zdrojem vlákniny mají být především přirozené zdroje 
bohaté na vlákninu, doporučuje se jíst porci zeleniny nebo 
ovoce alespoň pětkrát za den a porci luštěnin alespoň 5× za 
týden, celozrnné mlýnské a pekárenské výrobky. Denní pří-
jem ovoce a zeleniny by měl dosahovat 600 g včetně zeleni-
ny tepelně upravené. Preferujeme zvýšený příjem luštěnin.
Menší příjem sacharózy (řepného cukru) maximálně do 
10 % celkové energie, tj. do maximální denní dávky 50 g, lze 
akceptovat při uspokojivé kompenzaci diabetu u edukova-
ných neobézních pacientů s přihlédnutím k jejímu vlivu na 
glykémii, lipémii a hmotnost. Sacharóza a potraviny se sa-
charózou musí být započítány do celkového příjmu sachari-
dů a nejsou vhodné při redukční dietě. 
 
Dosud nejsou dostatečné důkazy pro doporučení rezistent-
ního škrobu, který může mít vliv na glykemický index po-
travin. 
Důležitější než druh sacharidové potraviny je celkový příjem 
sacharidů. Výběr sacharidových potravin by měl podporovat 
dobrou kompenzaci diabetu (HbAlc) včetně uspokojivých 
postprandiálních glykémií. Pro pacienty léčené inzulínem 
je důležité rozdělení sacharidů do více porcí (většinou do 6) 
odpovídajících dávkám a době aplikace inzulínu. U pacientů 
neléčených intenzivním inzulínovým režimem a u pacien-
tů, kterým nehrozí hypoglykémie, často stačí 4 jídla, proto-
že dostatečná pauza mezi jídly může přispět k normalizaci 
postprandiální hyperglykémie. Přizpůsobení dávek inzulínu 
nebo PAD dávkám sacharidů v dietě na podkladě selfmoni-
toringu je podmínkou dobré kompenzace diabetu. 

Glykemický index 

Použití glykemického indexu a glykemické zátěže 
může představovat další přínos při hodnocení potravin 

doporučovaných diabetikům ve srovnání s použitím izo-
lovaného obsahu sacharidů. Nízký glykemický index může 
být významný zejména u potravin bohatých na sacharidy, 
spolu s dalšími charakteristikami, jako je celkový obsah sa-
charidů a obsah vlákniny. Glykemický index hodnotí kvan-
titativně postprandiální glykémie jako plochu pod křivkou 
po požití 50  g sacharidů v dané potravině a je definován 
jako procento z odpovídající plochy pod křivkou po poži-
tí adekvátního množství sacharidů referenční potraviny 
(glukóza nebo bílý chléb). Postprandiální odpověď na sa-
charidovou zátěž je ovlivněna nejen množstvím sacharidů, 
ale i typem potraviny a její úpravou (syrová, vařená, roz-
mělněná apod.) a individuálními vlastnostmi jedince (např. 
trávením, vstřebáváním, inzulínovou odpovědí) a může být 
variabilní. Glykemická zátěž (glycaemic load) se počítá jako 
součin množství sacharidů v dané porci potraviny a glyke-
mického indexu. 
Hodnocení glykemického indexu většinou probíhá během 
2−3 hod. postprandiálně, avšak v důsledku postprandiální 
hyperinzulinémie může docházet v následujícím čase k vět-
šímu poklesu glykémie u potravin s vyšším glykemickým 
indexem než u potravin s nižším glykemickým indexem 
a celková postprandiální glykemická odpověď je tím zkres-
lena. Reproducibilita glykemického indexu intraindividu-
ální mezi dny je lepší než interindividuální reproducibilita. 
Doporučuje se posuzovat potraviny podle glykemického 
indexu v  rámci určité sacharidové skupiny, např. mlýnské 
a pekárenské výrobky, ovoce, přílohy apod. Pro jednoznačné 
doporučení použití glykemického indexu v diabetické dietě 
nejsou dostatečné důkazy ve studiích. Proto se nedoporuču-
je hodnotit potraviny izolovaně podle glykemického indexu, 
ale vždy ve spojení s dalšími charakteristikami, jako je např. 
celkový obsah sacharidů a vlákniny, obsah energie, obsah 
dalších živin apod. Podle současných Výživových doporu-
čení pro obyvatelstvo České republiky se preferuje příjem 
potravin s nižším glykemickým indexem (méně než 70), jako 
jsou např. luštěniny, celozrnné výrobky apod. 

Vegetariánská strava

Plánovaná vegetariánská dieta, která je schválená ošetřu-
jícím lékařem a zhodnocená nutričním terapeutem jako 
adekvátní z hlediska obsahu živin, je prospěšná v pre-
venci a léčbě řady onemocnění (např. ICHS, metabolic-
ký syndrom apod.). Vegetariánská dieta obsahuje méně 
saturovaných tuků a cholesterolu a více ovoce, zeleniny, 
celozrnných produktů, ořechů, soji a vlákniny. Mezi vege-
tariány je velká variabilita v dietních praktikách, proto je 
nezbytná účast nutričního terapeuta. Důležitý je zejména 
obsah proteinů, mastných kyselin omega 3, železa, zinku, 
jódu, kalcia, vitamínu D a vitamínu B12. Při vegetariánské 
stravě bylo ve studiích prokázáno snížení hladiny celko-
vého a LDL cholesterolu, snížení krevního tlaku a indexu 
tělesné hmotnosti, snížení výskytu diabetu 2. typu i ně-
kterých typů nádorů.
Vegetariánskou stravu s tolerancí vajec, mléka a ryb lze za-
řadit do léčebné výživy pro diabetes jako alternativní dietní 
léčbu, vždy po konzultaci s lékařem a nutričním terapeutem. 
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7 Bariatrická chirurgie



BARIATRICKÁ CHIRURGIE

Snížení hmotnosti po bariatrické (metabolické) chirurgii byl dlouho obecně považován za hlavní
mechanismus účinku bariatrie na kompenzaci DM2. Nové poznatky odkrývají roli inkretinových hormonů.

47Zdroj: Cavin (2017)
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epithelial cells) and intestinal glucose metabolism are modified after RYGB and VSG, and
describe how these changes can affect glucose homeostasis.

Altered Gut Hormone Secretion
After bariatric surgeries, changes in the fasting and postprandial secretion of gut-derived
hormones are significant and varied and depend on the type of GI reconstruction [7,8]. These
changes are suggested to be key players in the increased postprandial secretion of insulin and
improved insulin sensitivity that is reported after bariatric surgery.
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Figure 1. Two Common Types of Bariatric Surgeries. (A) The Roux-en-Y gastric bypass consists of creating a small
gastric pouch below the esophagus (25–50 ml in humans) that is connected directly to the middle portion of the jejunum,
bypassing the rest of the stomach, the pylorus, and the upper portion of the small intestine (duodenum and proximal
jejunum), which is anastomosed distally. The operation creates three anatomically distinct gut segments: an alimentary
limb (or Roux limb), which receives only undigested food (red arrows); a biliopancreatic limb, which drains gastric
secretions, bile, and pancreatic enzymes (blue arrows); and a common limb that connects the two aforementioned
limbs together. This operation is very efficient, with an important and sustained weight loss accompanied by a reduction in
obesity-associated comorbidities such as hypertension, hyperlipidemia, and type 2 diabetes in most patients. (B) The
vertical sleeve gastrectomy involves a longitudinal resection of the stomach starting from the antrum and ending at the
fundus close to the cardia; the remaining volume of the gastric compartment is about 150 ml in humans. This intervention
has been proven to be an effective procedure at middle term with an important weight loss accompanied by a reduction in
obesity-associated comorbidities such as hypertension, hyperlipidemia, and type 2 diabetes in many patients.
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Review
Intestinal Adaptations
after Bariatric Surgery:
Consequences on Glucose
Homeostasis
Jean-Baptiste Cavin,1 André Bado,1 and Maude Le Gall1,*

The gastrointestinal (GI) tract can play a direct role in glucose homeostasis by
modulating the digestion and absorption of carbohydrates and by producing
the incretin hormones. In recent years, numerous studies have focused on
intestinal adaptation following bariatric surgeries. Changes in the number of
incretin (glucagon-like peptide 1 and glucose-dependent insulinotropic poly-
peptide) producing cells have been reported, which could result in the modified
hormonal response seen after surgery. In addition, the rate of absorption and
the intestinal regions exposed to sugars may affect the time course of appear-
ance of glucose in the blood. This review gives new insights into the direct role
of the GI tract in the metabolic outcomes of bariatric surgery, in the context of
glucose homeostasis.

Introduction
Bariatric surgeries were originally developed to treat patients with severe obesity; they were
initially recommended for patients with morbid obesity [body mass index (BMI) > 40 kg/m2] or
severe obesity (BMI 35.0–39.9 kg/m2) when they exhibited at least one comorbidity that had
the potential of being improved by the intervention [1,2]. Today, the two most commonly
performed bariatric surgeries worldwide are the Roux-en-Y gastric bypass (RYGB; Figure 1A)
and the vertical sleeve gastrectomy (VSG, Figure 1B) [3]. Bariatric surgeries have consistently
resulted in significant improvements on obesity-associated metabolic diseases such as type 2
diabetes. This resulted in new recommendations proposing that surgery should be considered
for moderately obese diabetic patients (BMI 30.0–34.9 kg/m2) if hyperglycemia is inadequately
controlled despite optimal treatment with medication [4,5]. These new recommendations have
already been adopted by several medical societies all around the world and should further
increase the number of operated patients in the near future. Understanding these surgeries is
thus of major clinical and societal importance.

The fact that the gastrointestinal (GI) tract is the direct target of bariatric procedures potentially
makes it a key player, although so far underestimated, in the metabolic changes observed after
surgery. Indeed, the GI tract can play a direct role in glucose homeostasis bymodulating gastric
emptying, the digestion of carbohydrates, and absorption of glucose during meals, and also by
secreting a set of hormones, including incretins that regulate the release of insulin [6].

In this review, we will outline the GI-dependent mechanisms responsible for the alteration of gut
hormone secretion after surgery. We will then discuss how intestinal glucose transport (the
passage of glucose from the intestinal lumen to the blood compartment through intestinal

Trends
The GI tract can regulate glucose
homeostasis by regulating the diges-
tion and absorption of carbohydrates
and producing incretin hormones.

After RYGB and VSG, the accelerated
nutrient flow and the increased surface
of contact between the luminal content
and the intestine are major determi-
nants of the altered glycemic and
hormonal response to a meal.

RYGB and VSG result in distinct
intestinal adaptations and consequent
glucose handling by the intestine.

Changes in the number of enteroendo-
crine cells after RYGB and VSG could
contribute to the modified hormonal
profile observed in patients after
surgery.

An increase in intestinal glucose dis-
posal has been reported after RYGB
and might contribute to the glucose-
lowering effect of this surgery.
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BARIATRICKÁ CHIRURGIE

Už týden po RYGB chirurgii, tedy před dosažením výraznější redukce hmotnosti, dochází k markantnímu
zvýšení GLP-1 a naopak razantnímu snížení GIP, nalačno i postprandiálně.
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The type 2 diabetes mellitus (T2DM) is one of the most serious diseases that threaten public health. Modified gastric bypass surgery
has been applied to the treatment of T2DMpatients in the 1990s, but the therapeutic mechanism to this function is still unclear.The
aim of this study was to further clarify the effect and the mechanism of modified gastric bypass surgery on glucose metabolism in
patients with T2DM. In the study, the incretin indexes and blood glucose indexes were analyzed before surgery and 1week and 1, 3,
and 6months after surgery.The results suggested that modified Roux-en-Y gastric bypass can promote GLP-1 secretion in patients
with T2DM, while reducing the secretion of GIP.Thus it could effectively control blood glucose of patients with T2DM.

1. Introduction

The type 2 diabetes mellitus (T2DM) is a kind of commonly
and frequently encountered disease which severely threatens
people’s health. Completely cured T2DM is a difficult prob-
lem onmedicine.Modified gastric bypass surgery began to be
used in T2DMpatients in the 1990s [1, 2], and the efficiency of
this procedure reached 83% [3–10] although the therapeutic
mechanism involved is still unclear. In order to further clarify
the effect and the mechanism of modified gastric bypass
surgery on glucose metabolism in patients with T2DM, we
retrospectively analyzed incretin indexes including GLP-1,
GIP, and some blood glucose indexes in patients with T2DM
underwent modified Roux-en-Y gastric bypass procedures.

2. Materials and Methods

2.1. General Data. A retrospective analysis of the clinical
data of 50 patients with T2DM and gastric cancer or sim-
ple T2DM treated in the department of general surgery
from January 2006 to September 2014 was conducted. The
patients underwent gastrectomy using modified Roux-en-
Y gastric bypass procedures. Follow-up data were complete.

The patients in this study were diagnosed with T2DM in
accordance with the diagnostic criteria of the American
Diabetes Association (2009). Specific parameters measured
were as follows: symptoms of diabetesmellitus, randomblood
glucose ≥11.1mmol/L, fasting plasma glucose ≥7.0mmol/L,
and an oral glucose tolerance test at 2 h ≥11.1mmol/L. If
the patients met one of the above conditions and retest the
following day conformed to the standards of the diagnosis of
diabetes, the patient was then diagnosed with diabetes mel-
litus. Islet cell antibodies, antibody to insulin, glutamic acid
decarboxylase antibody, glycosylated hemoglobin (HbA1c),
and C peptide level were examined to define T2DM.

In 50 patients, 27 patients were males, the rest 23 are
female, the average age is 46.18 + 11.36 years (the age range
is 30–66 years), and the mean BMI is 25.23 + 1.21 kg/square
meters.

2.2. Surgery. Patients with T2DM and gastric cancer were
treated with radical resection of gastric cancer firstly. Accord-
ing to the location of cancer in the gastric cavity, the patients
underwent radical total gastrectomy or distal gastrectomy
(residual gastric cavity volume 30–50ML), stomach peri-
gastric lymph node dissection. Simple T2DM patients were
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STRAVA SE SNÍŽENÝM OBSAHEM SACHARIDŮ

Studie Skytte (2019) zjišťovala, zda lze snížit glykovaný hemoglobin HbA1c a jaterní tuk u pacientů s 
diabetem 2. typu, v podmínkách bez snížení hmotnosti. 
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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 týdnů (2 x 6 týdnů v crossover designu)

30 účastníků

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

vs

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

Primární ukazatel: glykovaný hemoglobin (HbA1c)

STRAVA SE SNÍŽENÝM OBSAHEM SACHARIDŮ

Studie Skytte (2019) zjišťovala, zda lze snížit glykovaný hemoglobin HbA1c a jaterní tuk u pacientů s 
diabetem 2. typu, v podmínkách bez snížení hmotnosti. 
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STRAVA SE SNÍŽENÝM OBSAHEM SACHARIDŮ

Ačkoliv došlo k mírnému snížení hmotnosti u obou větví, účastníci v experimentální větvi snížili HbA1c 
průměrně o 5 mmol/mol. 
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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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Fig. 2 Baseline adjusted change
in (a) HbA1c (between diets,
p < 0.001), (b) fasting
triacylglycerol (between diets,
p < 0.001), (c) fasting insulin
(between diets, p = 0.296) and (d)
total fasting body weight
(between diets, p = 0.071) during
6 weeks of CRHP and CD
treatment. All graphs are
presented as means (±SEM).
White squares, CRHP diet; black
triangles, CD diet
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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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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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STRAVA SE SNÍŽENÝM OBSAHEM SACHARIDŮ

Důležitým zjištěním bylo i výrazné snížení ektopického tuku v játrech na experimentální dietě, což
odpovídá novějším poznatkům o roli samotné sacharidové restrikce na energetický metabolismus.

54Zdroj: Figure 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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POŘADÍ POTRAVIN V POKRMU

Alpana Shukla se ve svém výzkumu věnuje efektu časového pořadí potravin na regulaci glykémie. Vychází

z toho, že pro některé pacienty může být změna pořadí potravin velmi snadno proveditelná.

55Zdroj:  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 
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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.

group.bmj.com on September 26, 2017 - Published by http://drc.bmj.com/Downloaded from 



POŘADÍ POTRAVIN V POKRMU

16 účastníků v cross-over randomizované studii konzumovalo identické pokrmy během tří samostatných
dnů vždy jeden týden od sebe po 12hodinovém lačnění.

56Zdroj:  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

Clinical Care/Education/Nutrition

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 
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 
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Pořadí potravin v rámci identického izokalorického pokrmu má vliv na postprandiální glykémii, inzulinémii
i sekreci GLP-1, což přispívá ke zlepšení kompenzace u pacientů s DM2.

57Zdroj: 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.

group.bmj.com on September 26, 2017 - Published by http://drc.bmj.com/Downloaded from 

3BMJ Open Diab Res Care 2017;5:e000440. doi:10.1136/bmjdrc-2017-000440

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.

group.bmj.com on September 26, 2017 - Published by http://drc.bmj.com/Downloaded from 

4 BMJ Open Diab Res Care 2017;5:e000440. doi:10.1136/bmjdrc-2017-000440

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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REMISE METABOLICKÉHO SYNDROMU

Studie Hyde (2019) ukázala, že nižší příjem sacharidů ve stravě má příznivější vliv na ukazatele
metabolického syndromu i bez snížení hmotnosti.

59Zdroj: 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://clinicaltrials.gov/ct2/show/NCT02918422


REMISE METABOLICKÉHO SYNDROMU

Studie testovala tři typy stravy s různým příjmem sacharidů (6-32-57 %) a tuků (74-48-23 %) při
konstantním příjmu bílkovin (20 %). Nejnižší příjem sacharidů vedl k remisi MetS u poloviny účastníků.

60Zdroj: 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.
 



FREKVENCE JEZENÍ

Kahleova (2014) se zabývala otázkou, zda na hypokalorické dietě může hypokalorická dieta mít odlišný
efekt na kompenzaci DM2 v závislosti na tom, do kolika jídel denně je rozložena (6x vs 2x).

61Zdroj: Kahleova (2014b)
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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.
Trial registration ClinicalTrials.gov number, NCT01277471,
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FREKVENCE JEZENÍ

Dva pokrmy denně vedly k podstatně většímu úbytku hmotnosti i glykemie nalačno, a v kontextu DM2 tak
přibyl další důkaz, že pro dobrou kontrolu glykémie není nutné jíst 5-6x denně.

62Zdroj: Kahleova (2014b)

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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9 Dlouhodobé udržení snížené hmotnosti



VEGETARIÁNSKÁ STRAVA U DM2

Udržení snížené hmotnosti je obecně považováno za zásadní, nicméně některé studie naznačují, že např. 
kompenzace DM2 měřená pomocí HbA1c se může výrazně zhoršit i bez odpovídajícího zvýšení hmotnosti.

64Zdroj: Kahleova (2011), Kahleova (2014a)



DIABETES PREVENTION PROGRAM

Udržení snížené hmotnosti bylo obtížné i pro účastníky Diabetes Prevention Program studie, přibližně po
pěti letech se opětovný nárůst zastavil na -2 kg oproti původní hmotnosti.

65Zdroj: Figure 2 in DPP (2009)

Figure 2. Mean weight changes
Weight changes for originally assigned treatment group since Diabetes Prevention Program
(DPP) randomisation for (A) all participants, (B) those aged 25–44 years at randomisation,
(C) 45–59 years, and (D) 60 years and older; and since enrolment in the present study for
(E) all participants, (F) those aged 25–44 years, (G) 45–59 years, and (H) 60 years and
older, including participants irrespective of whether they developed diabetes during follow-
up. Webappendix p 2 shows numbers of those in every datapoint.
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LOOKAHEAD

Podobně v rozsáhlé randomizované studii LookAHEAD (2013) účastníci v intervenční větvi mezi prvním a 
pátým rokem sledování přibrali znovu přibližně polovinu snížené hmotnosti.

66Zdroj: LookAHEAD (2013)

Intensive Lifestyle Intervention in Type 2 Diabetes

n engl j med 369;2 nejm.org july 11, 2013 149

Risk Factors for Cardiovascular Disease

During the first year of follow-up, patients in the 
intervention group had greater improvements 
than the control group in glycated hemoglobin 
levels (Fig. 1D) and in all other measured cardio-
vascular risk factors, except for low-density lipo-
protein (LDL) cholesterol levels (Fig. S2 and Table 
S1 in the Supplementary Appendix). The between-
group difference in cardiovascular risk factors 
diminished over time, with the glycated hemo-
globin level and systolic blood pressure showing 
the most sustained differences. LDL cholesterol 
levels were lower in the control group than in the 

intervention group (mean difference, 1.6 mg per 
deciliter [0.04 mmol per liter] during 10 years of 
follow-up). The use of antihypertensive medica-
tions, statins, and insulin was lower in the inter-
vention group than in the control group (Fig. S2 
and S3 and Table S1 in the Supplementary Ap-
pendix).

Clinical Outcomes
The composite primary outcome — the first oc-
currence of death from cardiovascular causes, 
nonfatal myocardial infarction, nonfatal stroke, 
or hospitalization for angina — occurred in 403 
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Figure 1. Changes in Weight, Physical Fitness, Waist Circumference, and Glycated Hemoglobin Levels during 10 Years of Follow-up.

Shown are the changes from baseline in overweight or obese patients with type 2 diabetes who participated in an intensive lifestyle 
 intervention (intervention group) or who received diabetes support and education (control group). The reported main effect is the average 
of all between-group differences after baseline. Means were estimated with the use of generalized linear models for continuous measures. 
MET denotes metabolic equivalents; asterisks indicate P<0.05 for the between-group comparison. Data from 107 visits during year 11 
were not included in the analyses.

The New England Journal of Medicine 
Downloaded from nejm.org on November 1, 2015. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



67

10 Praktická doporučení



1. Remise DM2 na prvním místě. Lékař pacienta s prediabetem/DM2 by měl vědět o možnostech remise.

2. Možností remise je více – nízkoenergetická dieta, ketogenní strava, bariatrická chirurgie.

3. Hlavní mechanismy zahrnují mj. snížení ektopického tuku z jater, pankreatu a svalové tkáně.

4. Kompenzaci DM2 lze zlepšit i bez změny hmotnosti – pořadí potravin, makronutriční složení.

5. Udržení snížené hmotnosti může být velkou výzvou – více možností, větší šance?

PRAKTICKÁ DOPORUČENÍ
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Broz (2006) Současné možnos@ monitorování glykémie

Cavin (2017) Intes@nal Adapta@ons a\er Bariatric Surgery: Consequences on Glucose Homeostasis

ČDS (2012) DOPORUČENÝ POSTUP DIETNÍ LÉČBY PACIENTŮ S DIABETEM
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