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REVIEW

Helpful or harmful? The impact of the ketogenic diet on eating disorder outcomes 
in type 1 diabetes mellitus
Suzanne Schneidera, Deborah L Biggerstaffa and Thomas M Barberb,c

aDivision of Health Sciences, Warwick Medical School, University of Warwick, Coventry, UK; bDivision of Biomedical Sciences, Warwick Medical 
School, University of Warwick, Coventry, UK; cWarwickshire Institute for the Study of Diabetes, Endocrinology and Metabolism, University Hospitals 
Coventry and Warwickshire, Coventry, UK

ABSTRACT
Introduction: Eating disorders (EDs) are common complications in people with type 1 diabetes 
(PwT1D), given the rigid focus on food and insulin dose adjustment. Dietary recommendations for 
T1D match those for the general population, yet many fail to achieve target HbA1c. Evidence suggests 
that lower carbohydrate meals and thus reduced insulin requirements may decrease inconsistencies in 
insulin absorption, maintain euglycemia and weight. Dietary restriction is a recognized risk factor for ED 
development, and Ketogenic Diets (KD) involve restriction of common family-based foods, thus impact-
ing social normality and microbiome diversity. We reviewed the current literature on PwT1D following 
a KD to understand effects on ED risks.
Areas covered: Published data from MEDLINE, Embase, and PsycINFO were used. Search terms 
included: type 1 diabetes mellitus; or insulin dependent diabetes or T1D AND EDs or anorexia or 
bulimia or disordered eating AND low-carbohydrate diet or carbohydrate restricted diet or low carb diet 
or ketogenic diet.
Expert opinion: Research into the effects of KDs on ED outcomes in PwT1D are limited, given the 
concerns over risks of diabetic ketoacidosis, hypoglycemia, and dyslipidemia. Longer term studies on 
the participants’ experience and motivations of adhering or admonishing the diet are needed.
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1. Introduction

The nature of type 1 diabetes management naturally predis-
poses many patients to eating disorder (ED) development. 
Given the emphasis placed on the strict maintenance of 
blood glucose control and attention to carbohydrate counting, 
portion control, and meal planning, disordered eating beha-
viors may go unnoticed by clinicians [1]. While treatments for 
ED are generally aimed at removing the focus on food, in T1D 
this forms an integral part of managing the disease [2]. As 
carbohydrates are the major contributor to post prandial 
hyperglycemia, increasing evidence highlights the benefits of 
very low-carbohydrate (ketogenic) diets to maintain euglyce-
mia and weight, by improving HbA1C and satiety [3], [4], [5]. 
Opponents of the ketogenic approach suggest that, depend-
ing on the degree of restriction, these diets may themselves 
lead to ED development, nutritional deficiencies, and 
increased cardiometabolic risks [6], [7], [8].

1.1. Normal is an Illusion

While the etiology of ED is complex, with psychological, biologi-
cal, and sociocultural factors contributing to susceptibility, diet-
ary restriction is believed to contribute to the development and 
maintenance (Figure 1) [8]. T1D onset commonly occurs between 

the ages of 10 and 14 years which coincides with the onset of 
adolescence: a period of major emotional and hormonal uphea-
val and peak awareness of body image [9], [10], [11]. Adolescents 
with chronic illnesses experience significantly higher body dis-
satisfaction compared to healthy peers [12]. Adolescents who 
perceive themselves to have dysfunctional bodies characteristi-
cally develop body dissatisfaction and negative perceptions of 
self [13]. For many young people with T1D, normality is an 
illusion, as they experience feelings of “being different” or “stand-
ing out.” While PwT1D appear to look exactly like their peers, the 
practicalities of managing their disease are highly visible and 
contribute to the stigma of diabetes [11]. There is also a poor 
public awareness of the different etiologies of T1 and T2D, 
suggesting that clearer lexicon and more specific, differentiated 
naming of the two diseases would be helpful in removing some 
of the stigma for PwT1D. The concept of normality was greatly 
discussed by Davis (1995) and describes how being “normal” is 
universally desirable [13]. Most people want to be normal, or if 
not “normal,” then selective about the reasons they stand out. 
T1D is not a self-selected lifestyle condition, and the burden of 
managing the disease can lead to burnout [14].

Peterson et al. identified various medical pathways, which pre-
dispose disordered eating behaviors in PwT1D [15]. Specifically, 
the effect of food preoccupation to match insulin dose adjustment 
and the emotional distress which results from the regained weight 
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once insulin is introduced [15–18], [16]. Further studies expand on 
this, by highlighting the physiological aspects.

1.2. The Weight of Words

Numerous papers point to the negative impact of the lan-
guage used in diabetes care, which is often described as 
judgmental and disempowering [19], [20]. Behavioral 

psychologists have demonstrated the impact of language on 
health outcomes and the effect of semantics on patients’ 
understanding and ownership of their disease [16]. Time con-
straints in clinical appointments can result in a patient’s health 
being summarized to a single HbA1C result. Condensing the 
experience of life with diabetes into a single digit ignores the 
impact that factors beyond diet can have on blood glucose 
readings. Rhetorical phrases such as “being a good diabetic” or 
“controlling your diabetes” are frequently used in such set-
tings and are perceived to imply that HbA1c is solely under 
the control of the patient, and any success or failure to achieve 
adequate HbA1C is due to their personal shortcomings [19]. 
These phrases, often uttered in passing, contribute to the 
continual reinforcement and praise for practicing restraint 
and self-control around food. Conversations around diabetes 
management, which focus solely on numbers, are bound to 
fail as quantitative data cannot entirely capture the day-to-day 
complexities that encompass life with T1D [20].

1.3. Diabetes Dietary Dilemma

Despite major medical and technological advances in T1D 
treatment, many patients fail to achieve or maintain target 
HbA1c levels [2]. Dietary recommendations for PwT1D are the 
same as for the general population (Table 1). This includes 
“following a balanced diet from a variety of foods,” with ~50% 
of total dietary energy from starchy carbohydrates, opting for 
higher fiber or wholegrain versions where possible [21].

While lower carbohydrate diets have gained increased interest, 
classification of these diets differ greatly within the literature. 

Article Highlights 

● While not classed as an ED in its own right, “diabulemia” (an informal 
term used to describe deliberate insulin omission for the purpose of 
weight loss) is a common complication in PwT1D, especially in 
females.

● Advances in T1D management have enabled more freedom around 
food choice but have conversely increased the need for corrective 
insulin dose adjustment. Chronic corrective insulin administration of 
subcutaneous insulin into the peripheral circulation results in reduced 
inhibition of hepatic lipolysis and may be the reason for increased 
incidence of metabolic syndrome in PwT1D.

● There are currently limited data on the potential psychological and 
behavioral effects of KDs in PwT1D, given the indirect impact of 
glucose variability on mood, energy, and concentration and the effect 
that higher HbA1c has on increased depression and anxiety.

● Evidence has shown that there are no significant benefits in the 
restriction of total fat intake and coronary heart disease or CVD 
mortality. The composition and not the number of LDL cholesterol 
particles more accurately determines CVD risk.

● The mechanisms by which the KD may prove beneficial for binge 
eating behaviors are complex and involve the metabolic effects of 
nutritional ketosis, including the stabilization of blood glucose and 
sustained Cholecystokinin (CCK) and Peptide YY (PYY) levels.

Figure 1. Environment contributors to ED Risk in T1 Diabetes.
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Differences are based on the proportion of total daily energy from 
carbohydrate and/or absolute carbohydrate intake, adding to the 
complexity of comparative study (Table 2).

The definition provided by Feinman (2015) and Seckold (2019) 
recommends reducing carbohydrate intake to <10% (or 20–50 g 
per day, thereby inducing ketone production as an alternative 
source of energy) [23], [24]. Restricting carbohydrates to this 
degree induces glycogen depletion and ketone production from 
the mobilization of fat, resulting in nutritional ketosis. 
Differentiating Diabetic Ketoacidosis (DKA) from nutritional ketosis 
for PwT1D following a KD poses a challenge. While both conditions 
result from increased ketone production, DKA is caused by the 
additional shortage of insulin. Little has been published on how to 
adjust medications for DKA prevention in T1D following a KD, 
although prudent blood glucose management and insulin dose 
adjustment are advised especially as insulin requirements decrease 
following weight loss [25].

There are also concerns that carbohydrate restricted diets 
(CRD), particularly KD may promote renal damage, due to their 
higher protein content [26]. Diabetes is an established risk factor 
for chronic kidney disease (CKD), and hyperglycemia is central to 
disease progression, through its effect on increased blood pres-
sure, hyperfiltration, and impaired protein metabolism, particularly 
in hyperinsulinemic T1D patients [26], [27], [28], [29]. Clinical trials 
on patients with CKD are challenging and highly restricted, due to 
the multiple barriers of conducting research on patients with 
often-complex comorbidities  [30].

2. Eating Disorder Diagnosis

The management of any medical condition starts with 
a diagnosis and the use of specific terminology to facilitate 
detection, monitoring, and treatment. Classification of psy-
chiatric conditions is challenging given the lack of biological 

or pathophysiological markers that indicate the presence of 
“disease.”

Despite the high incidence of ED in PwT1D, there are no 
specific criteria to describe the unique ability of patients to 
manipulate insulin doses for weight loss. Diabulimia is an 
informal term used to describe deliberate insulin omission 
for the purpose of weight loss [1]. While this behavior may 
be due to psychological, social, and cognitive factors, includ-
ing diabetes burnout, it is not classed as a mental health 
condition in DSM-V or ICD-11. Instead, it is recognized as 
either an inappropriate compensatory feature of bulimia ner-
vosa (BN) or a purging disorder and referred to formally as 
“Eating Disorders in Diabetes Mellitus Type 1.” The National 
Institute for Health and Care Excellence (NICE) guidelines 
(2017) in the UK admit to the increasing need for screening 
of ED in PwT1D; however, there is currently no consensus on 
an appropriate screening tool [2]. Standard ED screening tools 
do not consider the effect that both hyper- and hypoglycemic 
states may trigger binge eating and promote inappropriate 
compensatory behaviors. This may result in patients incor-
rectly being labeled as bulimic or binge eaters [31].

ED are classified in relation to dominant discourses about 
“health and wellbeing.” While T1D ED patients are encouraged 
to “eat a normal, healthy diet” and and follow a balanced 
approach to physical activity, they are a unique patient 
group who subsequently have their dietary choices analyzed 
for the degree to which they have stuck to the guidelines 
(Table 2) [32]. These shared traits of need for control and 
valuing diet adherence as a proof of self-control put patients 
at a high risk for developing this “disease disguised as 
a virtue” [32].

Bratman first proposed the concept of Orthorexia Nervosa 
(ON), describing a pathological obsession for eating only (bio-
logically) pure foods, with a rigid avoidance of food believed 

Table 1. Comparisons of dietary approaches in the standard type 1 diabetes diet versus the low-carbohydrate diet and ED management.

Public Health England Dietary Management for 
T1D. SACN, 2015

Low-Carbohydrate Diet in T1D Management 
Strategy. Hart et al 2021

ED Management Strategy in T1D  
FAO, 2020

Diet outline Macro nutrient recommendations same as for 
general population ~50% of total dietary 
energy from starchy carbohydrates; ~16% 
protein; ~30% fat, with <5% simple sugar/ 
alcohol. Promote a balanced diet through 
variety of foods.

Energy derived from a higher fat, reduced 
carbohydrate diet (degree of CHO reduction 
varies between patients). Protein 
recommendations are ~16% of daily nutrient 
intake.

Aim is to achieve normal nutritional 
status and growth, through adequate 
macro and micronutrients.

Fat intake Recommendations for saturated fat and sugar are 
in line with general population.

Total fat usually comprises 50% of energy intake. Includes regular fat products and 
appropriate amounts as part of 
a “normal eating plan.”

Measurements Postprandial rises are minimized by insulin dose 
adjustment and adjusting insulin-to- 
carbohydrate ratios.

Post prandial rises in blood sugar are reduced 
naturally. Can result in energy deficits and in 
children may affect growth outcomes.

Weekly weighing may be required during 
nutritional rehabilitation and reduced 
at later stages.

Challenges High proportion of PwT1D do not achieve the 
recommended blood glucose levels as set by 
the ADA and WHO.

Approach can be socially isolating, and some 
patients (esp. children) may develop “treat 
insecurity.” May limit food variety.

Removing the focus from food and 
counting calories/carbs can be difficult 
as the patient is encouraged to 
maintain stable blood sugar.

Table 2. Suggested definitions of different carbohydrate diets by Feinman et al. (2015) and Seckold et al. (2017).

Dietary Approach Recommendation on CHO intake

Very low-carbohydrate diet/ketogenic diet 20–50 g CHO per day; or <10% caloric intake or <1 g/kg body weight/day
Low-carbohydrate diet <130 g CHO per day or <26% total energy intake or <3 g /kg bodyweight /day
Moderate carbohydrate diet >45% total energy from CHO per day or 7–8 g/kg bodyweight/day
*ADA and **SACN guidelines 45–60% energy intake from carbohydrates; 16% from protein; 30% from Fat

Note: *American Diabetes Association [22]; ** Scientific Advisory Committee for Nutrition (SACN) [21]. 
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to be unhealthy [33]. Unlike other ED, ON focuses on quality 
rather than quantity of food consumed. This fixation may 
develop into other psychological and physiological disorders, 
as sufferers start to limit social interactions or highly restrict 
their diets, leading to nutritional deficiencies that closely 
resemble the malnutrition status typical in Anorexia Nervosa 
(AN). It is still undecided whether ON is a unique disorder or 
a subtype of AN or obsessive-compulsive disorder (OCD). 
Within current DSM-V categories, orthorexia would be classed 
as “avoidant/restrictive food intake disorder” (ARFID), although 
it may represent a distinct subtype [32]. Koven et al. compared 
the strongest commonalities among AN, OCD, and ON; and 
found that the most frequent overlapping traits to be anxiety, 
need for control, certain food avoidance, perfectionism, and 
ritualistic behaviors; and concluded that character traits of one 
may influence the development of the other [34]. Both AN and 
ON sufferers exhibit an overwhelming need to analyze the 
origin and processing of food and to eat in a ritualized man-
ner, although ON patients display a highly ego-syntonic per-
ception. Whereas AN sufferers try to hide their habits, 
orthorexic individuals tend to show off their behavior [32].

3. Literature Review

This review aims to investigate the current research on T1D 
patients following a Ketogenic Diet to understand its effect on 
ED risk.

3.1. Method

Published data were searched using the Medline National 
Library of Medicine, MEDLINE, Embase, and PsychINFO 

(Figure 2). Only English language papers published between 
2000 and 2022 were included. Search terms used included 
type 1 diabetes mellitus or insulin-dependent diabetes or 
T1D AND ED or anorexia or bulimia or disordered eating 
AND Low-carbohydrate diet or carbohydrate restricted diet 
or low carb diet or ketogenic diet. 99 papers were identi-
fied, and after initial review of titles and abstracts for rele-
vance, 11 duplicates were removed. A secondary review 
removed all those with irrelevant demographics (including 
gestational diabetes, pregnancy; epilepsy, animal trials (rats); 
insulin pump research; conference posters, letters to editor, 
Parkinson’s, Mediterranean diet). 21 papers remained for 
inclusion, which were supplemented with hand searched 
articles from the reference lists of included articles, for 
relevant clinical outcomes not addressed by the core 
studies.

A narrative review, adopting a systematic synthesis of the 
available evidence, was conducted with all papers reviewed by 
authors. Thematic analysis was conducted to identify potential 
benefits and challenges of T1D patients following a ketogenic 
diet and the effect on ED development. These will be dis-
cussed here.

4. Potential Benefits Of The Ketogenic Diet In 
Patients With T1d

Research into Ketogenic Diet effects on PwT1D is challenging, 
given the assumed risks of DKA, hypoglycemia, and dyslipide-
mia. Current studies are mostly of shorter term duration 
(<2 years) with small sample sizes primarily consisting of 
motivated individuals, making population-based findings diffi-
cult (Appendix 1).

Figure 2. Literature Review Strategy.
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4.1. Weight Loss

The phenotype of T1D has changed in the past two decades; 
with more patients exhibiting features of metabolic syndrome 
(MetS) or “Double Diabetes” [35]. Chronic use of corrective 
insulin doses administered subcutaneously (following higher 
carbohydrate meals) results in reduced inhibition of hepatic 
lipolysis and increased levels of circulating non-esterified fatty 
acids (FEFA) [36]. A mismatch typically exists when adminis-
tering corrective insulin doses after a large carbohydrate meal, 
increasing the risk of hypoglycemia. This promotes greater 
lipid storage in skeletal muscle, increased oxidative stress, 
and ectopic fat accumulation [3]. Moreover absorption rates 
of subcutaneous insulin vary greatly when insulin dosage 
levels are high [3], [37]. This suggests that lower carbohydrate 
meals and thus reduced insulin requirements may decrease 
inconsistencies in insulin absorption.

An RCT of 10 T1D participants compared the glycemic 
control, glucose variability, and daily insulin requirements of 
a CRD (50–75 g carbohydrate per day) with a standard diet 
(SD) [38]. The group were randomly allocated (1:1) to either 
dietary approach. After 12 weeks, the CRD group had signifi-
cant reductions in daily insulin use (64.4 to 44.2 units/day, 
p < 0.05), HbA1c (63 to 55 mmol/mol (8.9–8.2%), p < 0.05), 
and non-significant reductions in body weight (83.2 to 
78.0 kg). While the weight change may be attributed to the 
reduced insulin doses, this study provides promising benefits 
in enabling weight loss in PwT1D. Further studies of longer 
duration and larger, more diverse participant demographics 
are required.

4.2. Improved Hba1c

A comprehensive review by Barber et al. summarized the 
beneficial short-term effects of KD on blood glucose control, 
particularly in patients with type 2 diabetes (38). Research on 
KD in PwT1D is limited, due in part to concerns about hypo-
glycemia and DKA [39].

While HbA1C provides a standardized measurement of 
average blood glucose with low intra-person variation and 
fewer requirements for sample collection, it demonstrates 
neither the magnitude of blood glucose variability nor the 
length of time these fluctuations last. Frequent or large glu-
cose fluctuations may independently contribute to diabete- 
related complications, and this variability has more detrimen-
tal micro-and macro vascular effects than sustained hypergly-
cemia [37], [39], [40].

A short-term (7-day) observational study investigating the 
effect of carbohydrate restriction on glycemic variability in 
PwT1D found that participants spent a mean of 73.7% ± 0.1% 
time within blood glucose range and experienced 0.9 (0.0–2.0) 
episodes of hypoglycemia per day [41]. This suggests that while 
CRD may be beneficial for reducing blood glucose variability, 
they may be associated with a higher frequency of hypoglyce-
mia. While no comparative data for a standard diabetes diet 
(SDD) was taken, data from the T1D Exchange Registry show 
that ~80% of PwT1D following the SDD fail to meet the HbA1c 
targets set by the American Diabetes Association [42].

A longer term, 4-year retrospective study by Nielsen et al. 
found that PwT1D who received training and support on 
implementing a CRD achieved mean HbA1c of 6.4 ± 0.8%, 
compared with the non-CRD group (52%) 7.4 ± 0.9% after 4 
years [43]. The results reported in this study highlight the 
importance of patient knowledge and motivation, the influ-
ence of a supportive environment, and the effects of socio-
economic ability in affecting lifestyle behavior change. The 
realistic application of this approach at a population level 
remains unanswered.

4.3. Satiety

The composition of the diet plays a vital role in satiety home-
ostasis, body weight, and adiposity. While there is no biomar-
ker that measures satiety, and the specific effects of KD have 
mostly been assessed using self-reported measures, evidence 
supports the effectiveness of KD in weight loss. This is parti-
cularly true for individuals that struggle with calorie restricted 
diets, although the mechanisms underlying the physiology are 
still unclear [44].

Diet induced weight loss is commonly followed by com-
pensatory increases in appetite, which lead to weight regain. 
Weight loss induced via the KD seems to moderate the 
increased levels of circulating ghrelin and resulting increase 
in appetite [4]. Appetite reduction experienced on the KD may 
result from the metabolic “cost” of protein digestion and its 
effects on appetite control hormones [5]. KD naturally have 
a higher percentage of protein and fat to compensate for the 
reduced calories from carbohydrate. Ketosis has been demon-
strated to exert an anorexigenic effect via cholecystokinin 
(CCK) release and reduced orexigenic signaling from ghrelin 
[45]. Circulating levels of CCK are maintained at pre-weight 
loss levels, while patients remain ketotic [46].

Evidence suggests there may be a neurometabolic role in 
the development of maladaptive eating behaviors such as 
binge ED (BED) [47], [48]. Psychiatric conditions such as epi-
lepsy, depression and BED share several common mechanistic 
biopathologies, including glucose hypometabolism, neuro-
transmitter imbalances, and oxidative stress [49]. The mechan-
isms by which the KD may prove beneficial for BED behaviors 
are complex and involve the metabolic effects of nutritional 
ketosis, including the stabilization of blood glucose and sus-
tained CCK and PYY levels [50].

A 2014 systematic review by Kendall found that dietary 
pulses (high in fiber and protein) contribute to acute satiety 
but not second meal intake volume [51]. Results showed that 
dietary pulses produced a 31% greater satiety incremental 
area under the curve (ratio of means = 1.31, 95% CI: 1.09 to 
1.58, P = 0.004), without affecting second meal intake. 
Increasing fiber content and decreasing the GI had a positive 
(decreasing) effect on plasma glucose, insulin, and ghrelin 
responses. Earlier findings by McCrory (2010) showed the 
beneficial effects of fiber in weight loss when consumption 
was coupled with energy restriction [45]. This suggests that 
fiber content and lower GI is an important contributor to 
postprandial satiety.
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4.4. Eating Disorders

Diagnosis of ED is difficult given that they occur along a continuum 
of body mass index (BMI). Literature on the effect of different 
macronutrients in ED research center mostly on restriction of diet-
ary fats, with very little research found on the associations between 
carbohydrate restriction and the development of ED [23], [24]. 
While the incidence of AN is not much different in PwT1D com-
pared to non-diabetes patients, BN and Binge Eating Disorder 
(BED) rates are significantly higher among PwT1D [52], [53]. 
There are concerns that highly restrictive KD may lead to the 
elimination of entire food groups, causing poor nutritional status 
and increased risk of ED development. There is however limited 
data on the potential psychological and behavioral effects of KDs 
in PwT1D, given the indirect benefits of improvements in glucose 
variability on mood, energy, and concentration, and the effect that 
higher HbA1c has on increased depression and anxiety [54], [55].

The global prevalence of obesity and ED have increased in the 
past 50 years, in parallel with industrialization and increased con-
sumption of Ultra Processed Foods (UPF). Evidence suggests 
a metabolic link between the increased consumption of UPF and 
the development of maladaptive eating [56], [57]. Ayton et al. 
showed that the foods patients consumed in a binge eating 
pattern were entirely NOVA 4 category foods, regardless of the 
patient’s ED diagnosis [58]. Foods containing both carbohydrates 
and fat (a combination rare in nature) produce greater brain 
activation of the circuits associated with reward and habit forma-
tion than either carbohydrates or fats alone [59]. Food addiction is 
not currently recognized as a disorder in the DSM-V; however, UPFs 
trigger mediating neurochemical responses, altering signaling and 
activation of the mesolimbic dopamine reward pathways, causing 
addiction behavior [48], [60]. The degree of alteration is dependent 
on glucose oxidation.

Obesity and dysglycaemia are risk factors for inappropriate 
weight control practices such as BED. A comparative cross- 
sectional study by Al Hourani et al. aimed to determine the pre-
valence of ED among adolescents with and without dysglycaemia 
to determine the associated factors [52]. 497 patients (aged 10– 
24 years) with dysglycaemia (T1D and pre-DM) and 504 age- 
matched nondysglycaemic participants were screened using the 
ED Diagnostic Scale to assess the presence of different types of ED. 
Dysglycaemic patients showed a significantly higher prevalence of 
binge EDs (11.9% vs 5.8%, p = 0.001) after adjusting for possible 
confounders. The limitations of this study were its non-distinction 
between T1D and pre-DM patients as the etiology of these dis-
eases, and thus, their insulin responses to carbohydrate consump-
tion may affect binge eating behaviors. Furthermore, no data on 
dietary intake were provided.

Comparisons of ED in PwT1D to the general population 
should be made with caution, as the causes of binge eating 
may differ, particularly considering hypoglycemic response. 
Additionally, ED measurement tools across various studies 
that are not specifically adapted to PwT1D are prone to deli-
vering skewed results.

4.5. Dyslipidemia and CVD Risk

Studies indicate that binge eating is associated with reduced 
glycemic control, alterations in body fat distribution, and increased 

CVD risk [52], [61], [62]. Hyperglycemia and glucose variation 
increase inflammatory markers in PwT1D, and the benefits of the 
KD on improved HbA1c have been discussed above.

KD inherently include an increased percentage of calories 
from fats and a higher proportion of saturated fat intake [63]. 
Although the specific role of different macronutrients (parti-
cularly fat) on inflammation is unclear, evidence has shown 
that there are no significant benefits in the restriction of total 
fat intake and heart disease or CVD mortality [63], [64], [65]. 
The quality of the fat rather than the total amount consumed 
seems more important [64].

Studies demonstrated that KD increase total cholesterol, non- 
HDL cholesterol, and triglyceride, as well as vitamin D3 (cholecalci-
ferol) [47], [66]. No studies reported on the composition of the LDL 
cholesterol profiles, which may be the most important indicator of 
risk [67]. The composition and not the number of LDL cholesterol 
particles more accurately determine CVD risk [64], [65]. A clear link 
exists between LDL particle size, obesity, and insulin resistance 
[68]. Patients with lower LDL cholesterol levels but higher particle 
counts therefore demonstrate a higher risk of CVD events. 
Macronutrient studies show that a high saturated fat intake 
increases LDL particle size as well as high-density lipoprotein 
cholesterol (HDL-C) [69], [70]. Therefore, the overall effect of dietary 
fats and fatty acids on the lipoprotein profile must be considered 
when assessing cardiovascular risk.

A cross-geographical location study suggests that vitamin 
D deficiency is more common in T1D compared to the general 
population, and ethnic background accounts for a large variation 
in vitamin D levels [71], [72]. Vitamin D is a fat-soluble vitamin that 
plays an important role in calcium and bone metabolism, cardio-
vascular, and metabolic function, including insulin synthesis and 
secretion [67]. A study by Huynh et al. investigated the relationship 
between 25(OH)-vitamin D3 and the severity of DKA in children at 
diagnosis of T1D [71]. Fourteen of the 64 children had low 25(OH)- 
vitamin D [3] levels at presentation, and 12 had low bicarbonate 
levels (<18 mmol/L) (p = 0.001). Ethnic background accounted for 
10% of the variation in vitamin D levels. The levels of 25(OH)- 
vitamin D3 increased in 10 of the 11 children in this study, with 
resolution of the acidosis. Low vitamin D status may therefore 
contribute to a child’s risk of presenting with DKA.

Vitamin D deficiency has a role in the pathogenesis of T1D, 
and there is an independent association between 25(OH)- 
vitamin D3 deficiency and risk of diabetes [73]. 
A prospective, nonblinded controlled trial of 80 T1D found 
that those with vitamin D deficiency experienced marked 
improvement in HbA1C after receiving a 12-week course of 
4000 IU 25(OH)-vitamin D3. The glycemic effect was sustained 
during the 12 week period, although further studies are 
required to understand the safety of high dose supplementa-
tion long term. The KD may therefore provide a safer vitamin 
D augmentation alternative for PwT1D.

5. Potential Risks of the Ketogenic Diet in Patients 
with T1d

5.1. The Gut Microbiome

T1D is an autoimmune disease, and pathogenesis is based in 
genetic susceptibility and environmental factors. The gut 
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microbiota plays a pivotal role in host immunity and metabolic 
parameters, and there are strong associations between gut 
dysbiosis T1D pathogenesis and broader health [74], [75], 
[76], [77].

The microbiota engages in complex bidirectional commu-
nication, via the microbiota-gut-brain axis [76]. While there is 
limited understanding of the biological mechanisms under-
lying EDs, there is growing recognition that the diversity of 
gut microbiota might play a causal role in AN development 
[78]. A common metric of gut health is the diversity of micro-
bial species that inhabit it [78]. AN patients demonstrate lower 
microbial diversity compared with healthy controls, which 
coincides with increased levels of depression and ED psycho-
pathology [78], [79].

Multiple factors, including genetics, microbial species 
acquired at birth, immunological factors, antibiotic use, and 
diet, influence the composition of the microbiome. Any acute 
changes can modify this composition within just 24 hours [79]. 
Gut microbes reside mostly in the distal gut and contribute to 
host health through biosynthesis of vitamins and essential 
Short Chain Fatty Acids (SCFA). There are concerns that KD 
are potentially deficient in vitamins B1, B6, folate, and dietary 
fiber, as they limit intake of fiber-rich starchy vegetables 
including legumes and whole grains [80]. Dietary fiber is asso-
ciated with overall metabolic health, through pathways that 
influence insulin sensitivity [76].

Fibrous, indigestible carbohydrates serve as a food source 
for many of the microbiota found in the gut, and a commensal 
partnership exists between the host and these bacteria. The 
human gastrointestinal (GI) tract does not produce the 
enzymes needed to degrade the structural polysaccharides 
found in plant material and relies on the bacteria of the 
large intestine to digest resistant starch, non-starch polysac-
charides, and oligosaccharides left undigested by the small 
intestine [81]. These indigestible substances serve as 
a primary energy source for microbiota, where they are 
degraded and fermented to produce SCFAs. Diets high in 
fiber enable a better microbial balance within the gut and 
a higher production of SCFAs, which contribute tryptophan 
metabolites and omega-3-fatty acids [82]. Low-calorie diets (as 
in the case of AN) reduce the availability of circulating trypto-
phan for serotonin (5-HT) synthesis [83]. Altered 5-HT may play 
a part in some of the psychological consequences of dieting, 
including the development of clinical EDs and depression, 
particularly in women [83], [84].

A high percentage of patients with diabetes have some 
form of GI tract symptoms. Diabetic Gastroparesis (DGP) is 
a serious complication of diabetes mellitus, defined as 
a delay in gastric emptying, associated with upper GI symp-
toms, in the absence of any mechanical obstruction [85]. 
Population-based data are limited, although data from tertiary 
care centers report one third of diabetes patients (both type 1 
and type 2) suffer from the condition, with higher incidence 
found in females [86]. Delayed gastric emptying affects glyce-
mic control and may contribute to poor nutritional status [75]. 
Nutrient interactions in the small intestine help to regulate 
gastric emptying and fat solids generate the most potent 
effect on delayed emptying [87]. High fat solid meals, as in 
the case of KD, are directly implicated with overall increased 

gastroparesis symptoms [87]. KDs should therefore be investi-
gated for their influence on the human microbiome and the 
related influence on host physiology and neurological disor-
ders [81].

5.2. Social Adaptation to Dietary Restrictions

One of the main aspirations of diabetes nutritional manage-
ment is to encourage lifelong healthy eating habits, while 
preserving social, cultural, and psychological wellbeing. Food 
is central to the human experience of social belonging and 
helps to assert a sense of hierarchy and connection. Often 
even the smallest deviation from an established pattern of 
eating results in branding a person or an entire group as 
“different“ or “strange” [88]. KDs involve restriction of common 
family-based foods and may lead to limitations in food variety, 
impact social normality, and be socially isolating [89].

Studies on the lived experience of following KD in adults 
were conducted mainly on individuals who had self- 
subscribed to the diet. Despite the limited support from health 
care practitioners to provide guidance and risk assessment, 
these individuals independently source information and sup-
port elsewhere [90]. There is however a lack of validated diet-
ary data that demonstrates the true adherence rates, with the 
majority duration of studies covering between 3 and 
18 months of observation data [3], [38], [90].

Conversely, studies on adolescents with T1D whose parents 
enforce a CRD may experience behavioral responses to the 
restriction akin to food insecurity [91]. Children with T1D who 
do not know when they will again get access to sweets, or 
other “treat” foods due to restrictions may be prone to “sneak-
ing” or hoarding these foods [92]. Growing up with consistent 
labeling of “good” and “bad” foods may contribute to ED 
cognitions and insulin restriction, which is likely in adults 
who believe they have broken food “rules.” Adolescents on 
an enforced CRD may also engage in maladaptive diabetes 
management behavior to have access to carbohydrate or 
sugary foods, by purposefully over-administering insulin to 
create a situation that will allow them to “treat” the resulting 
hypoglycemia with sweets [93].

Family and social construct have consistently been shown 
to predict the development of maladaptive eating attitudes 
and behaviors, particularly in adolescent females with T1D 
[17], [94], [95]. A qualitative study by Wong et al. showed 
that in adolescents, peer pressure and the stress of feeling 
different from peers at mealtimes could be a deterrent to 
following a restrictive diet long term [90].

The current literature provides an insight into potential 
clinical outcomes and health benefits of the KD, but provides 
little perspective into the participants’ experience, motiva-
tions, and challenges of adhering to the diet or their reasons 
for discontinuation. The two major facets of diabetes manage-
ment rely heavily on adherence to insulin administration and 
normalization of eating behaviors, which can only be achieved 
through patient-centered choice. A multidisciplinary team 
approach to treatment is considered the standard of care for 
both diabetes and ED management, and the value of patient 
experience should not be underestimated [96]. Qualitative 
research highlighting these aspects is needed, to offer 
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increased patient input and explanation as to how they safely 
transition and manage their diabetes day-to-day.

6. Expert Opinion

While the invention of modern insulin analogues has enabled 
more dietary flexibility for PwT1D, increasing the recommen-
dations for carbohydrate intake, alongside multiple insulin 
doses contribute to weight gain and diminished glycemic 
control. This review highlighted potential benefits of the KD 
approach in PwT1D in the short term. Longer term studies are 
needed to establish the feasibility of social and lifestyle inte-
gration, and the effects of altered gut microbiome on ED 
outcomes (Figure 3).

Diabetes and obesity are two major causes of CKD, and 
while there are some concerns about the impact of KD on 
renal outcomes, particularly at more advanced stages of CKD, 
there are currently no RCTs investigating this dietary approach 
in T1D [97]. Given the major impact of hyperglycemia in the 
pathogenesis of CKD, it seems logical to suggest that a lower 
carbohydrate approach may be beneficial for some of these 
patients. Because there is currently no agreement on isocaloric 
comparisons recommending a specific carbohydrate intake for 
T1D, clinicians are challenged to provide risk assessments and 
guidance [98]. Additionally, current clinical guidelines do not 
wholly address all areas of dietary management in CKD, due to 
existing controversies and gaps in knowledge about specific 
interventions such as dietary protein restriction [99]. There is 
also unfortunately a poor understanding among health care 
professionals of the difference between nutritional (physiolo-
gical) ketosis and insulin deficiency-induced (pathological) 
ketosis, which may deter further research studies being pro-
posed [100].

Clinical nutrition research has played a pivotal role in estab-
lishing causality between diet and disease. However, accurate 

comparative research on the effects of the KD on PwT1D is 
challenging, given that few studies investigated the baseline 
nutritional status of participants, and there was no means of 
blinding participants or researchers in a randomized approach. 
Data from all studies were derived from participant memory 
and relied on self-reporting and honesty. In a population who 
already feel highly scrutinized for their dietary behavior, there 
may be a tendency to mis-report actual meal (and particularly 
carbohydrate) intake, and therefore, any specific deductions 
on practicality of implementing this approach are challenging.

Across the studies, there was a notable limit in demographic 
variety, specifically minority ethnic groups and those from lower 
socioeconomic backgrounds. It is well known that lower income 
groups face large disparity in access to intensive insulin thera-
pies, specialist diabetes care and education [101]. Therefore, 
promoting a ketogenic approach would be challenging for 
some of these groups, as high- fat, high-protein foods generally 
cost more than the staple foods commonly consumed. Studies 
investigating the effect of family dynamics on body image also 
provided a restricted view, as the perspectives and influence of 
fathers were not included [10], [12], [17].

Given the challenges in detecting ED in PwT1D, there is 
a need for more effective screening. By its very nature ED are 
secretive and sufferers may be reluctant to talk about their 
vulnerabilities, thus increasing the risks of missed diagnosis 
and long-term complications [96]. Two standalone, brief mea-
sures frequently used in U.K. primary care include the Eating 
Disorder Screen for PrimaryCare (EDS-PC) and the SCOFF, 
neither of which adequately address ED detection in 
T1D [102].

Current treatment protocols for ED do not make provision 
specifically for T1D and are failing dismally, as individuals are 
treated for the effects of diabulimia rather than the diabulimia 
itself [31]. Two patients displaying the same pathology and 
behavior may receive a different diagnosis based solely on one 

Figure 3. Benefits and Challenges of the Ketogenic Diet and ED Risk in T1D.
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factor, such as BMI. The challenge in primary health care is 
a lack of knowledge of ED treatment [103–107]. A focus on 
diet will always be necessary in T1D; as insulin dose is based 
largely on meal composition. An alternative dietary approach, 
low in refined carbohydrates and higher in healthy fats, may 
be helpful in alleviating symptoms of (some) ED types in T1D 
patients, although longer term research is needed.

Author’s orientation with the topic
Diagnosed with T1D at age 11, the lead author (SS) has lived experience of 
the challenges of managing chronic health through diet. As a young com-
petitive athlete, she developed a deep awareness of the impact of food on 
performance and body image. Diagnosed with end stage renal disease and 
placed on a highly restrictive renal dialysis diet, she used this knowledge and 
experience to write her MSc thesis on the lived experience of the diet and 
lifestyle challenges of a T1D on a highly restrictive dialysis diet. Although 
some argue that researchers need to account for the fact that their presence 
has some influence on the research findings, it is acknowledged that, as 
members of a culture or group, these researchers are privy to information 
and experiences that may be withheld from outsiders and thus help to 
“make the lived experiences more visible and intelligible to others” (108). 
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