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Diet is a key determinant of blood glucose control in individuals with type 1 diabetes.
Although dietary education is part of their clinical follow-up, many patients show a
propensity to self-treatment, adopting dietary changes, often extreme, that do not
consider the overall impact on health. Here, we describe the case of a patient with type
1 diabetes who switched to a fruitarian diet because of ideological beliefs. A 25-year-old
man with type 1 diabetes on an insulin pump and continuous glucose monitoring
on optimal blood glucose control (HbA1c 6.5%, 48 mmol/mol; glucose time-in-range
70-180 mg/dl, TIR, 90%; coefficient of variation, CV, 36%) switched to a fruitarian diet
because of ideological beliefs. After 3 months on this diet, blood glucose control was still
optimal (TIR 88%, CV 33%), while plasma triglycerides and liver enzymes were above
normal values. After 3 more months, blood glucose control had worsened (TIR 72%, CV
37%), plasma triglyceride and liver enzymes were within normal values, and hyperkalemia
was detected. In this case report, a strict fruitarian diet was associated with early negative
changes in some biochemical parameters, also in presence of optimal blood glucose
control. Dietary counseling remains essential in the follow-up of patients with type 1
diabetes to ensure personalized medical nutrition therapy and monitor dietary changes
that may affect health but with no major impact on blood glucose control.

Keywords: type 1 diabetes, eating habits, fruitarian diet, glucose control, insulin pump, continuous glucose
monitoring

INTRODUCTION

Diet is a key determinant of blood glucose control in individuals with type 1 diabetes (1). Over the
years, many dietary patterns have been proposed to address high glucose variability. A plant-based
diet (2) and a low-carbohydrate diet (3) are becoming popular among individuals with diabetes
mainly aiming at limiting hyperglycemia. According to international nutritional guidelines (1, 4),
there is no ideal distribution of calories among carbohydrates, proteins, and fats for individuals
with diabetes. Therefore, in clinical practice, each patient is advised to improve overall diet quality,
considering his/her eating habits, food preferences, as much as possible, and metabolic targets.
However, many patients show a propensity to self-treatment, adopting dietary changes, often
extreme, that do not consider the overall impact on health. Here, we describe the case of a type
1 diabetes patient who switched to a fruitarian diet because of ideological beliefs. He used social
media to increase his knowledge and obtain a meal plan.
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CASE PRESENTATION

A 25-year-old man was diagnosed with type 1 diabetes at the age
of 9. He is on an insulin pump and wears a sensor for continuous
glucose monitoring (CGM).

TABLE 1 | Anthropometric, blood glucose control, and biochemical parameters.

At a follow-up out-patient visit in August 2020, his body mass
index (BMI) was 24.8 kg/m? and his biochemical parameters
were unremarkable (Table 1). Total daily insulin doses were
24.8 + 3.1 IU (44% bolus and 56% basal infusion). He had an
optimal blood glucose control, as shown by an HbAlc level of
6.5% (48 mmol/mol) and the glucose metrics derived by CGM
(5) that also showed high daily glucose variability (coefficient
of variation, CV, 36%) (Table 1). A diabetologist discussed the
CGM profile (Figure 1A) with the patient and did not suggest

A:g;: ! N°;§r2';ber Jazr;::ry 2::1' changes in insulin therapy. Dietary habits, as evaluated by a 7-day
food record, mainly showed a low intake of carbohydrates and

BMI (kg/m?) 24.8 24.2 24.2 24.3 a high intake of total fats and saturated fatty acids (Table 2). In
HbA1c (%) 6.5 - 6.2 6.6 accordance with the Standards of Medical Care by the American
HbA1c (mmol/mol) 48 - 44 49 Diabetes Association (1), a dietitian advised him to reduce the
Time in range (% blood glucose 90 89 88 72 intake of saturated fatty acids and increase carbohydrates from
70-180 mg/d) low glycemic index foods.
Time above range (% blood 8 o 10 2 In November 2020, he joined an educational group to
glucose >180 mg/dl) . R i
Time below range (% blood 5 5 5 5 reinforce carbohydrate counting in accordance with our standard
glucose <70 mg/di) diabetes care for patients on an insulin pump. On this occasion,
Mean glucose (mg/d) 107446 127 +42 131+44 153+57  he told the dietitian that he had become a fruitarian in October
Coefficient of variation (%) 36 33 33 37 2020, experiencing, in his opinion, an improvement in blood
Total cholesterol (mg/dl) 142 - 125 151 glucose control. A 7-day food record confirmed that, according
LDL-cholesterol (mg/di) 71 - 47 70 to the fruitarian diet, he had increased carbohydrates, mostly
Triglyceride (mg/di) 105 - 165 136 sugars and fructose, and fiber intake, while reducing the intake
AST (U/)) 28 - 37 29 of proteins and fats (Table2). CGM metrics confirmed an
ALT (UA) 22 - 5 28 optimal blood glucose control (Table 1). Seven-day mean daily
GGT (U/) 15 - 30 24

HbATc, glycated hemoglobin; AST, aspartate transaminase; ALT, alanine transaminase;
GGT, y-glutamyl transferase.

glucose variability was slightly lower (CV 33%), and the CGM
profile was smoother than the previous one (Figure 1B). Total
insulin doses were unchanged (24.8 & 3.1 IU) with a shift to a
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FIGURE 1 | Blood glucose profile in (A) August 2020, (B) November2020, (C) January 2021, and (D) April 2021. Black line: mean blood glucose concentrations; gray
shadows: glucose variability expressed as SD. Dotted lines indicate blood glucose time in the range 70-180 mg/dl.
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TABLE 2 | Mean daily energy intake and dietary composition obtained through 7-day food records during follow-up.

August 2020 November 2020 April 2021 Absolute change November vs. August Absolute change April vs. August

Energy (kcal) 1,977 2,030 1,980 +53 +3
Protein (g) 113.4 34.0 46.0 —79 —67
(% TEI) 24.1 7.0 9.8 17 —14
-Animal (g) 76.8 0 0 —77 77
(% TEI) 67.7 0 0 —68 —68
-Plant (g) 35.2 34.0 42.4 —1 +7
(% TEI) 31.0 6.7 8.6 —24 -22
Carbohydrate (g) 167.4 412.0 433.8 +245 +266
(% TEI) 33.4 79.4 86.4 +46 +53
-Starch (g) 115.3 18.0 24.0 —-97 —91
(% TEI) 23.3 35 4.8 —20 -19
-Sugar (g) 32.6 392.5 398.7 +360 +366
(% TEI) 6.5 95.3 91.9 +89 +85
-Fructose (g) 1.69 125.3 64.5 +124 +63
Fat (g) 88.9 29.3 8.5 —60 —-80
(% TEI) 42.6 13.6 41 —-29 -39
-SFA (9) 19.5 3.8 1.8 -16 -18
-MUFA (g) 52.5 215 1.0 —31 -52
-PUFA (9) 12.5 2.7 25 -10 -10
Cholesterol (mg) 248.0 0 0 —248 —248
Fiber (g) 29.5 42.0 49.2 +13 +20
Glycemic index (%) 66.2 49.8 471 —-16 —-19
Glycemic load 98.1 155.2 156.1 +57 +58
Sodium (mg) 1,738 67.2 93.0 —1,671 —1,645
Potassium (g) 3.59 6.92 9.62 +3.3 +6.03
Calcium (mg) 738.8 269.3 420.5 —470 -318
Phosphorus (mg) 1,617 524.4 1,038 —1,093 —579
Iron (mg) 32.2 10.3 19.5 —22 -13
Vitamin C (mg) 124.6 275.8 875 +151 +750
Vitamin E (mg) 15.8 9.95 5.64 —6 -10
Vitamin D (ug) 6.98 0 0 -7 -7
Vitamin B12 (ug) 76.4 0 0 -76 —-76

MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; SFAs, saturated fatty acids; TEl, total energy intake.

relatively higher proportion of pre-prandial insulin (66% bolus
and 34% basal). He reported no changes in body weight and
physical activity.

In January 2021, after 3 months on the fruitarian diet,
biochemical laboratory analyses showed a 50% increase in plasma
triglyceride and doubling of liver enzymes. A liver ultrasound
examination showed no signs of steatosis. As compared to
November 2020, no changes in glucose variability, CGM metrics
and profile, total insulin doses, body weight, and physical activity
were observed (Tablel and Figure 1C). Against the advice
of health care providers, the patient chose to continue the
fruitarian diet.

At the follow-up visit in April, blood glucose control
was adequate according to CGM metrics, although glucose
time-above-range had increased compared to the previous
period (Table1). Daily glucose variability had increased
(37%), as also evidenced by the CGM profile (Figure 1D).

Basal/bolus proportion was similar to that in August 2020
(47% bolus and 53% basal). As compared to November 2020,
he had reintroduced raw protein-rich vegetables (artichokes,
mushrooms, carrots, and zucchini) with no major changes in
the mean dietary composition, except for reduced intake of
fructose and monounsaturated fatty acids (Table 2). However,
he reported occasional episodes of uncontrolled behavior, when
he was consuming different foods, mainly pizza and bread,
in considerable amounts. He did not report changes in body
weight and physical activity. Plasma triglyceride and liver
enzymes concentrations were within normal ranges (Table 1).
An increased plasma potassium concentration was detected

(6 mmol/L).

Healthcare providers cautioned the patient on the
harmful effects of this diet on his long-term health
(i.e., increased glucose variability, liver abnormalities,

and hyperkaliemia).
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The patient was provided a dietary plan to switch to a
more balanced diet, suggesting to increase the intake of plant
proteins and fats by favoring the consumption of legumes,
sprouted grains, and extra-virgin olive oil (6). Moreover, the
patient was asked to reduce the amount of K-rich foods
(i.e., banana, dates) and total fruits to standard servings
(400-500 g/day), preferring whole fruits over juices because
of their higher fiber content and lower glycemic index
(7). Nevertheless, the patient expressed his will to continue
the fruitarian diet mainly because of its environmental and
social implications.

Therefore, healthcare providers planned a strict follow-up to
monitor circulating liver enzymes and electrolyte concentrations,
liver fat content, and potential vitamin and mineral deficiencies.

DISCUSSION

The fruitarian diet is based on fruits, nuts, and seeds. Vegetables
that are classified botanically as fruits (i.e., avocado and
tomatoes) are included, while other vegetables, namely, grains
and beans, and animal products are excluded (6). Concerns
about the fruitarian diet have focused mainly on its high
fructose content. Indeed, high fructose intake may increase
triglyceride concentrations by promoting hepatic lipogenesis,
and several epidemiological studies have suggested an association
between average daily fructose intake and liver steatosis (8,
9). Evidence from randomized controlled clinical trials is not
conclusive, although some studies reported increased liver fat
accumulation after fructose consumption in healthy individuals
(10) or people with type 2 diabetes (11). To the best of
our knowledge, no studies evaluating the effect of fructose
consumption on liver fat in individuals with type 1 diabetes are
currently available.

Other potential major flaws related to the fruitarian diet refer
to poor diet quality and nutritional deficiencies, particularly in
terms of protein, omega-3 fatty acids (EPA and DHA), and
micronutrients (i.e., vitamin B12, iron, and zinc) (6).

This case report shows that a short-term fruitarian diet
increases plasma triglyceride and liver enzymes concentrations,
particularly in the first 3 months, with no significant effects
on liver fat accumulation evident on ultrasound evaluation.
Unlike processed and refined foods with simple sugars,
fruits contain several bioactive compounds with antioxidant
activity (vitamins, minerals, fiber, polyphenols, and other
phytochemicals). These compounds might reduce oxidative
stress and inflammation that are major contributors to
liver steatosis.

Plasma triglyceride and liver enzymes tended to reduce after
6 months. This might be related to lower adherence to the strict
fruitarian diet, as also stated by the patient.

As for blood glucose control, it has been shown that fructose is
a slow digestible carbohydrate that induces a lower postprandial
blood glucose response than glucose in individuals with type 1
diabetes (12, 13). This could explain the reduction in glucose
variability in the first 3 months of the fruitarian diet. Of note,
the patient experienced more user-friendliness and feasibility in

tracking the grams of carbohydrate since he had gone fruitarian.
Indeed, his habitual meal plan (Supplementary Table 1) does
not contain mixed meals that could require advanced knowledge
of foodstuft composition to adjust insulin doses to compensate
for delayed postprandial glycemic excursions (1). Therefore,
optimal carbohydrate counting may have contributed to
the achievement of optimal glycemic control with reduced
glucose variability.

On the other hand, as stated by the patient, the fruitarian
diet is highly restrictive (i.e., limited food options, difficulty
in attending social events), and it affected his meal regularity,
resulting in occasional loss of control with high consumption
of highly gratifying comfort foods. This may have contributed
to his worsened blood glucose control in the last period,
in addition to the reported high intake of orange juice
(Supplementary Table 1) that has recently been demonstrated to
negatively affect blood glucose control in a cohort of individuals
with type 1 diabetes (14).

Another reason of concern was the increased plasma
potassium (K) concentration observed after 6 months on the
fruitarian diet that is in line with the fact that daily dietary K
intake reported by the patient was three-fold higher than the
recommended one (3.9 g/day). Previous studies have shown
increased circulating K concentrations with no changes in renal
function after short-term oral K supplementation (15).

To the best of our knowledge, there is no evidence on
short- or long-term effects of the fruitarian diet in patients
with type 1 diabetes. Nevertheless, according to the evidence
existing on high-glycemic index and sugars, we would at present
strongly discourage the use of the fruitarian diet for patients with
diabetes. Further experimental clinical research is required on the
usefulness and safety of extreme plant-based diets.

In conclusion, this case emphasizes the importance of close
dietary counseling in the follow-up of patients with type 1
diabetes to ensure personalized medical nutrition therapy, in
accordance with the current guidelines. This may allow for the
correction of early alterations, not recognizable based only on
blood glucose control, before incurring harmful consequences. In
the era of social media, patients are exposed to fashionable dietary
trends and ready-to-use information that might endanger their
health. At the present state of knowledge, the fruitarian diet is
not recommended for patients with diabetes.
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