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Abstract: Introduction: Achieving glycemic control in subjects with type 
1 diabetes presents a significant challenge to the patient and the healthcare 
providers. The recommendations for dietary carbohydrates varied over the 
years from severe restriction to no restriction. We aim to study the impact 
of low carbohydrate diet on subjects with type 1 diabetes. 
Subjects and Methods: we conducted a cross over clinical trial in which 46 
uncontrolled (HbA1c ≥7%), subjects with type 1 diabetes on a standard 
carbohydrate diet, were placed on low carbohydrate diet (<26% of daily 
caloric intake). Patients attending Ain Shams University hospitals 
outpatient diabetes clinics were invited to participate. Participants were 
provided with education sessions to achieve and maintain low 
carbohydrate diet. They visited the clinic at baseline, 3 and 6 months.  
Results: low carbohydrate diet resulted in significant improvement 
(p<0.001) in the following parameters using repeated measure analysis of 
variance:  HbA1c (9.2 to 6.6%), weight (82.7kg to 76.7kg), BMI (29.70 to 
27.56 Kg/m2), percent body fat (36.7 to 30.2%), skeletal muscle mass (53.8 
to 55.9kg), total daily dose of insulin (72 to 54 IU) total cholesterol (199 to 
169 mg/dL), LDL (119 to 101mg/dL) triglycerides (182 to 113 mg/dL), 
ALT  (23 to 20IU/L), AST (14 to 12 IU/L), UAC ratio ( 15.7 to 14.0mg/g) 
and decreased incidence of hypoglycemic and hyperglycemic events (4.4 
to 1.1 and 20.8 to 4.0 events/week respectively). 
Conclusion: low carbohydrate diet demonstrated efficacy in terms of 
glycemic control and attainment of glycemic targets with good safety 
profile in terms of lower rates of hypoglycemic events.  
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1. Introduction 
Extremely low carbohydrate diets were once the only available treatment for type 

1 diabetes. The discovery of insulin a century ago was a revolution in the management of 
this chronic autoimmune disorder. With development of advanced flexible insulin 
regimens, recommendations shifted to almost usual eating patterns with matching of doses 
to carbohydrate content. (1) In the 1960s, concerns were raised about the risks of a low 
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carbohydrate, high saturated fat diet in an atherogenically at-risk population and 
recommendations shifted to decrease fat intake (<35% of energy) and increase carbohydrate 
intake to around 50-55% of total energy intake. The advice was that most of the 
carbohydrates to be ingested are complex in nature. For several years now, low fat and high 
carbohydrate diets have been advocated as healthy eating for people with and without 
diabetes. (2). However, an analysis of the food consumption pattern during the more recent 
“obesity epidemic” found that the increase in calories was almost entirely due to an 
increase in carbohydrates (3,4) Today, the prevalence of obesity in subjects with type 1 
diabetes is at alarming levels. (5). Despite the availability of advanced insulins, affected 
individuals remain at high risk of serious complications due to the chronic hyperglycaemia 
(6). New interventions include decreasing carbohydrate intake to decrease attacks of 
elevated blood glucose by limiting the carbohydrate intake.  

Insulin doses will also decrease following the reduced carbohydrate intake, 
reducing the risk of hypoglycaemia. (5) There is emerging evidence that low carbohydrate 
intake (defined as <26% of daily dietary intake or below 130grams per day (7) may be a 
relevant strategy for many people if weight loss and the prevention of both hypo- and 
hyperglycaemia is a concern (5). The standard carbohydrate diet is carbohydrate: protein: 
fat 45-65%:10-35%:20-35%. (2). We aim to study the impact of “Low carbohydrate” diet 
on patients with type 1 diabetes.  

2. Materials and Methods 
Study design, Our study was a cross-over clinical trial, performed in the outpatient 

Diabetes Clinics of Ain-Shams University Hospital, Cairo, Egypt from October 2019 till 
June 2021. The primary outcome for this study was glycemic control as indicated by 
HbA1c measurement.  

 
Figure1: Enrolment, allocation, and attrition of participants 

 
The improvement in HbA1c at 3 and 6 months was used to estimate the sample size of at 
least 34 data pairs to achieve 80% power to detect significant effect of the intervention.   
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Secondary outcome parameters included: hyper- and hypoglycemic episodes and total daily 
insulin dose.  Anthropometric parameters: weight, BMI, percent body fat and skeletal 
muscle mass. Laboratory parameters: lipid profile, ALT, AST, creatinine, serum albumin, 
CBC and urinary albumin/creatinine ratio.  All parameters were assessed at baseline, 3 and 
6 months. 

Subjects were included if they were Egyptian individuals with type 1 diabetes, 18 
years of age or more, already performing carbohydrate counting and adequate self-
monitoring of blood glucose with appropriate medical visits for at least 6 months and still 
having an HbA1c ≥7%.   
Subjects were excluded if they were pregnant or breastfeeding or had any diabetes 
complications. All those meeting the inclusion criteria were approached to participate in our 
study. Those who were willing to join the study signed an informed written consent and 
underwent baseline clinical and laboratory assessment. 239 patients with type 1 diabetes 
were screened for eligibility. Enrolment, allocation, and attrition of the participants are 
shown in Figure 1.  

Intervention, We performed a nutritional intervention in patients with type 1 
diabetes. Candidates were shifted from standard carbohydrate diet to a low carbohydrate 
diet which included less than 130 grams of carbohydrates of an average 2000 calorie diet or 
below 26% of daily caloric requirements.   
The subjects were given the dietary program schedule. This included a baseline 
introductory visit, then consecutive weekly visits for 3 weeks, followed by two visits at 3 
months and at 6 months. In between visits the patients were allowed telephone conferences 
if needed. 
The first session was 2-3 hours. During the first hour, low carbohydrate diet was explained 
using real photo examples for the different meals and snacks and foods rich in unsaturated 
foods advised. Then each patient was tutored separately to tailor the regimen to suit the 
socioeconomic status, food preferences, meal timings and to modify the insulin doses. 
Common low carbohydrate choices (photos) were printed on sticker paper and labeled with 
the weight in grams (or spoons), calories and carbohydrate content. Caloric requirements 
were set using the Dietary guidelines of the Americans (8) and then the calories divided as 
follows: carbohydrates <26%, protein 24-30%, fat 44-50%. The nutritional details for each 
food item were devised from Carbs and Cals books as World Foods (9) and Carb and 
Calorie counter (10) and then translated to Arabic. At the end of the first visit, they were 
given handouts that included their meal plans, carbohydrate exchange lists and self-
monitoring tables. 
The consecutive 3 visits (weekly visits) were 2 hours long. The first hour was a group 
meeting where common concerns were clarified, and new low carbohydrate recipes shared. 
The following hour was again a doctor to patient meeting where any complaints were dealt 
with, and the self-monitoring diaries seen to modify doses and to ensure compliance. When 
the COVID 19 pandemic started, there were tight regulations including reducing the 
number of patients visiting the clinic and the number allowed to be in one room at a single 
moment with a doctor. The visits were rescheduled to suit the regulations and for many of 
the visits we required video calling software like Zoom, Botim or Whatsapp to conduct the 
follow up.  

Outcome measures, HbA1c as a surrogate for glycemic control, was measured in 
a venous blood sample using quantitative colorimetric determination of glycated 
hemoglobin (HbA1C) (Trivelli, 1971) Procedure No. 0350 from Stanbio-Laboratory, Inc., 
USA in our hospital laboratory.  
Anthropometric measures taken were weight (Kg), height (cm) and body composition 
assessment using InBody 120 body composition scale from which we generated results for 
BMI (Kg/m2), percent body fat (%) and skeletal muscle mass (Kg). The venous blood 
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sample was also used to analyse the following using standard commercial assays: lipid 
profile, ALT, AST, creatinine, serum albumin (Beckman Coulter Life Sciences, Inc. ). CBC 
was done using a blood cell counter. Albumin/creatinine ratio in urine was measured using 
ACR Assay Kit from Biovision.  
Total daily insulin doses were recorded in the handouts. These results were then fed into an 
Excel sheet to calculate the average total daily dose.  
Incidence of hypoglycaemic events (defined as blood sugar below 70mg/dL) and 
hyperglycaemic events (defined as blood sugar above 180 mg/dL) (11) per week were 
extracted from the handouts and an average per week calculated. 

Statistical methods, The collected data was revised, coded, tabulated and 
introduced to a PC using Statistical package for Social Science (SPSS 25). Data was 
presented and suitable analysis was done according to the type of data obtained for each 
parameter. The following statistics were used. (i)Descriptive statistics: 1. Mean, Standard 
deviation (± SD) and range for parametric numerical data, 2.Frequency and percentage of 
non-numerical data. (ii)Analytical statistics: 1. Repeated Measure Analysis of Variance 
(RMANOVA test) was used to assess the statistical significance of the difference between 
more than two study group means. 2. Post Hoc Test was used for comparisons of all 
possible pairs of group means. P- value: level of significance -P>0.05: Non significant 
(NS), P< 0.05: Significant (S).  

Ethical considerations,The Research Ethics Committee at Faculty of Medicine, 
Ain Shams University viewed the protocol and approved its implementation. (Approval 
Number FMASU MD 287/2019) 

3. RESULTS 
46 participants, 29 women (64.4%) and 17 men (35.5%), aged 29.80 ± 9.24 years 

with a range from 19-54 years, completed the study. Mean duration of diabetes was 16.20 ± 
8.69 years with a range from 4 to 38 years.  
HbA1c 

Table 1 shows the HbA1c on enrollment was 9.2 ±1.3%. After 3 months of low 
carbohydrate diet 21 candidates (45.6%) achieved target HbA1c (7.1±0.8%) and by the end 
of the study 36 candidates (78.3%) had achieved it with a mean HbA1c 6.6 ±0.6%. The 
cases achieved a significant mean reduction of 2.1% (p= 0.000) in the first 3 months and a 
2.6% (p<0.001) in a total of 6 months of low carbohydrate diet. However, 10 candidates 
(21.7%) did not achieve target HbA1c after 6 months of low carbohydrate diet.   

Secondary outcomes,Table 1 shows a significant reduction (p<0.001) in total 
daily insulin dose from 72 to 54 IU/day, a mean decline of 15 IU/ day. This represents a 
24.6% reduction from baseline total daily insulin dose.   The incidence of hypoglycaemic 
and hyperglycaemic events improved significantly (p<0.001).  The mean of hypoglycaemic 
events declined from a mean of 4 events/week at baseline to 1 event/week (-75%) after 6 
months of low carbohydrate diet. The mean of hyperglycaemic events declined from a 
mean of 20 events/week to 4 events/week (-80%) at 6 months.  

There was a significant reduction in mean weight, 4.3kg (p=0.000) and 6.0kg 
(p<0.001) in the first 3 months and at end of the 6 months respectively. This represents of 
total of 7.2% reduction in 6 months. This reflected in a significantly lower BMI and percent 
body fat. The subjects showed a lower BMI by 1.5Kg/m2 in the first 3 months and 
2.1Kg/m2 in 6 months. There was significant reduction (p<0.001) in the mean BMI from 
29.7 Kg/m2 to 27.6 Kg/m2   in 6 months which is a 7.1% reduction. The percent body fat 
showed a significant (p<0.001) 4.9% reduction in the first 3 months. There was a 6.6% 
reduction in 6 months which is a total of 17.9% reduction from baseline.  There was a non-
significant gain of skeletal muscle mass (0.4Kg) (p=0.339) in the first 3 months. It became 
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significant (2.1Kg) (p<0.001) at the end of the 6 months with a 3.9% increase in 
comparison to baseline. The results also showed a significant improvement (p<0.001) of 
total cholesterol, triglycerides and LDL on following low carbohydrate diet for 6 months. 
The reduction from baseline results was 30 (-15.1%), 69(-38.3%), 18 (-15.1%) mg/dL 
respectively. There was a non-significant change in HDL. A significant reduction in mean 
ALT, AST, albumin and urinary albumin/creatinine ratio was also observed with the fact 
that all values remained within the normal reference range. No changes were noted in the 
haemoglobin or creatinine levels.  
 

Table1: The mean of each parameter at baseline and at 3 and 6 months 

Variable  Results 
at 
baseline 

Results 
at 3 
months  

P 
(1)   

Results 
at 6 
months  

P(2)  Change%* 

HbA1c (%)  9.2±1.3   7.1±0.8  0.000  6.6 
±0.6   

<0.001  -28.3 

Total daily dose of 
insulin (IU)  

72.3± 
23.5   

56.7± 
16.4  

0.000  54.2± 
13.7   

<0.001  -24.6 

Incidence of 
hypoglycaemic 
events per week  

4.4 ± 2.0   1.3± 0.9  0.000  1.1 ± 
0.7   

<0.001  -75.0 

Incidence of 
hyperglycaemic 
events per week  

20.9± 
8.1   

5.7 ± 
3.7   

0.000  4.1± 2.7  <0.001  -80.3 

Weight (Kg)  82.7 ± 
17.5   

78.4± 
14.2   

0.000  76.7 ± 
13.0   

<0.001  -7.2 

BMI (Kg/m2 )  29.7 ± 
5.9   

28.2± 
4.8   

0.000  27.6± 
4.3  

<0.001  -7.1 

Percent body fat 
(%)  

36.8± 9.9  31.9 ± 
8.4  

0.000  30.2 ± 
8.1  

<0.001  -17.9 

Skeletal 
muscle  mass (Kg)  

53.8 ± 
11.1    

54.2 ± 
11.6    

0.339  55.9 ± 
12.8    

<0.001  3.9 

Total cholesterol 
(mg/dL)  

199 ± 49   176±33    0.000  169 ± 
27  

<0.001  -15.1 

Triglycerides 
(mg/dL)  

182± 82   121± 33   0.000  113 ± 
28   

<0.001  -38.3 

LDL (mg/dL)  119 ± 39   108 ± 30  0.017  101± 
25   

<0.001  -15.1 

HDL (mg/dL)  44± 7   46 ± 7     46± 6   0.052   
ALT (IU/L)  23± 6   20± 5  0.000  20± 5  <0.001  -13.0 
AST(IU/L)  14± 5  13± 4  0.040  12 ± 4   0.002  -14.3 
Urinary 
albumin/creatinine 
ratio (mg/g)  

16± 6   14± 5   0.001  14± 5  <0.001  -12.5 

Albumin (g/dL)  4.0± 0.2   4.0± 0.2   0.022  4.0± 
0.2   

0.008   

Haemoglobin 
(grams)  

13.5 ± 
1.3   

13.5 ± 
1.2   

  13.5± 
1.3  

0.994   

Creatinine 
(mg/dL) 

0.8± 0.2   0.8± 0.1     0.8± 
0.1   

0.927   
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The results are shown in mean±standard deviation. P(1) is the p-value for the difference 
between the start and 3 months calculated by post hoc test. P(2) is the p value calculated by 
repeated measure ANOVA test for the difference between baseline and 6 months. * the 
percentage change between baseline and 6 months. All means were rounded to the nearest 
whole number or nearest tenth according to the usual reference range results.  

4. Discussion 
Our study revealed a significant reduction in the HbA1c level following low 

carbohydrate diet for 3 months which was maintained at 6 months. By the end of 6 months 
more than 70% of our study subjects achieved their target HbA1c. The Diabetes 
Complications and Control Trial (DCCT) established glycosylated hemoglobin (A1C) as 
the gold standard of glycemic control. Levels < 7% are considered appropriate for reducing 
the risk of vascular complications. (12) For this reason our primary outcome was HbA1c 
reduction to the recommended range. Krebs et al, studied the effect of a low carbohydrate 
diet (75grams per day) on 10 subjects with type 1 diabetes and found a significant reduction 
in HbA1c after 3 months (1). Similarly, Nielsen et al, studied the same dietary regimen on 
48 attendees and found a significant HbA1c reduction.(13) O’Neill et al reviewed 30 
patients on a low carbohydrate regimen and found similar reduction in HbA1c (14). 

There was a significant reduction of total daily insulin dose (15 units) at 3 months, 
which was maintained at 6 months. Nielsen et al in 2 studies in 2005 (15) and 2012 (13) 
and Ahmed et al (16) studied low carbohydrate diet and found reduction in total daily 
insulin dose in line with our results. Similarly, studies by O’Neill et al (14) and Wong et al, 
(17) found reduction in total daily insulin dose when applying very low carbohydrate 
ketogenic diets. This is explained by the fact the bolus insulin dose depends mainly on the 
carbohydrate content of food which has been restricted in our regimen. Lower carbohydrate 
consumption meant lower bolus doses and with some weight loss, the total daily doses 
consequently reduced.   
The reduced carbohydrate content caused a reduction in insulin doses, less calculation 
errors and thereby a decrement in the incidence of hypoglycemic and hyperglycemic 
events. Also, the fact that some meals and snacks were free of carbohydrates, meant that 
sometimes no bolus insulin was needed and therefore no risk of hypoglycemia with these 
meals or snacks. Nielsen et al, 2005, (15) observed a reduction of the total daily insulin 
dose with low carbohydrate regimens. Merrill et al in a review article concluded reduction 
of insulin doses in subjects with type 1 diabetes on low carbohydrate diets. (18)  

In our study patients lost 5.2% and 7.3% of their baseline body weight after 3 and 
6 months of low carbohydrate diets, respectively which resulted in a significant reduction in 
BMI (-2.1Kg/m2 after 6 months). Nielsen et al, 2012 found significant reduction in body 
weight and BMI when applying a low carbohydrate diet in a population of type 1 diabetes 
cases (13). Scott el al, in a review article also observed weight loss with low carbohydrate 
diets (2). Another review by Motalib et al, found low carbohydrate diet resulted in weight 
loss, through both calorie deficit and lower insulin doses. They explain that this is due to an 
anabolic effect of insulin treatment, or from a higher caloric intake as a result of fear of 
hypoglycemia. (19) 
Our study also showed a significant decline in percent body fat at the end of the 6 months. 
Studies about percent body fat in type 1 diabetes are scarce. However, Wrzosek et al (20) 
and Joy et al (21) studied the effect of low carbohydrate-high fat diets, and found that they 
decreased body fat. Regarding muscle mass, we observed a significant improvement after 6 
months of low carbohydrate diet. A study by Rosenfalck et al, demonstrated increased 
muscle mass in type 1 cases when HbA1c improved. (22) This has been observed elsewhere 
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too, where lean mass was consistently inversely associated with HbA1c and is explained by 
the fact the hyperglycemia causes catabolism where muscle mass is lost. (23)  
  In our study, serum triglycerides, serum LDL and total cholesterol have shown a 
significant decline. The HDL showed a non-significant change. In the literature there have 
been controversial studies regarding the effect of low carbohydrate, high fat regimens on 
serum lipids. While Dong et al in a meta-analysis, show a decline in triglycerides (24) 
Nielsen et al, show a non-significant change (13). Triglyceride reduction has been 
associated with lower carbohydrate intake especially when monosaccharides intake has 
been reduced (25). 

Dong et al (24) also show that LDL levels rise with low carbohydrate diets and is 
supported by Kirkpatrick et al.(26)  Varady et al shows the opposite(27). O’ Neill et al, 
found a decline in LDL and triglycerides when following low carbohydrate diets. (14) Our 
results show a significant decline which we attribute to a low carbohydrate not a very low 
carbohydrate regimen. The percentage of fats in our regimen was only 50%. We also 
focused on providing unsaturated fat sources (28) and encouraging our subjects to include 
them in their food regimen. Thus, LDL response cannot be predicted in the individual, and 
should be evaluated in those who choose to follow a low carbohydrate and very low 
carbohydrate ketogenic diets.  
There was no significant change in HDL, while Dong et al found a significant increase. (24) 
 The ALT, AST, serum albumin and urinary albumin/creatinine ratio all showed a 
significant reduction in their values. However, this remains clinically non-significant as all 
the values were within the normal reference range over the entire study period. A meta-
analysis shows that low carbohydrate diet had no influence on liver enzymes (29).  

5. Conclusion  
This study provides evidence that a low carbohydrate diet is a feasible lifestyle option for 
adults with type 1 diabetes who fail to achieve glycaemic control despite appropriate 
carbohydrate counting, adequate self-monitoring and medical supervision, particularly 
those wishing to lose weight or in need to. It has been found to positively impact type 1 
diabetes subjects regarding diabetes control, reduction of total daily insulin dose, reduced 
risk of hypoglycemic events, weight management, body fat and serum lipids with a good 
safety profile. 
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