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Abstract (250 words) 50 

Background & aims: In cystic fibrosis-related diabetes (CFRD), energy needs differ from 51 

type 1 (T1D) or type 2 diabetes, and endogenous insulin secretion is not totally absent. We 52 

analyzed whether daily carbohydrate intake, its diurnal distribution and insulin requirement 53 

per 11 grams of carbohydrate differ between CFRD and T1D. 54 

Methods: Anonymized data of 223 CFRD and 36,780 T1D patients aged 10-<30 years from 55 

the multicenter diabetes registry DPV were studied. Carbohydrate intake and insulin 56 

requirement were analyzed using multivariable regression modelling with adjustment for age 57 

and sex. Moreover, carbohydrate intake was compared to the respective recommendations 58 

(CFRD: energy intake 130% of general population with 45% carbohydrates; T1D: 59 

carbohydrate intake 50% of total energy). 60 

Results: After demographic adjustment, carbohydrate intake (238±4 vs. 191±1 g/d, p<0.001) 61 

and meal-related insulin (0.52±0.02 vs. 0.47±0.004 IU/kg*d, p=0.001) were higher in CFRD, 62 

whereas basal insulin (0.27±0.01 vs. 0.38±0.004 IU/kg*d, p<0.001) and total insulin 63 

requirement per 11 grams of carbohydrate (1.15±0.06 vs. 1.70±0.01 IU/d, p<0.001) were 64 

lower compared to T1D. CFRD patients achieved 62% [Q1;Q3: 47;77] of recommended 65 

carbohydrate intake and T1D patients 60% [51;71] of age- and gender-specific recommended 66 

intake (p<0.001). CFRD and T1D patients had a carbohydrate intake below healthy peers 67 

(79% [58;100] and 62% [52;74], p<0.001). The circadian rhythm of insulin sensitivity 68 

persisted in CFRD and the diurnal distribution of carbohydrates was comparable between 69 

groups. 70 

Conclusions: In pediatric and young adult patients, carbohydrate intake and insulin 71 

requirement differ clearly between CFRD and T1D. However, both CFRD and T1D patients 72 

seem to restrict carbohydrates. 73 

 74 
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1. Introduction 77 

Previous studies indicated that cystic fibrosis-related diabetes (CFRD) is a separate clinical 78 

entity with different pathophysiology [1,2]. In CFRD, total pancreatic islet mass is reduced 79 

by 50% [3]. Hence, the loss of pancreatic ß-cell mass is incomplete and endogenous insulin 80 

secretion will not be totally absent in CFRD [3], even though a very low endogenous insulin 81 

secretion was recently reported also in type 1 diabetes (T1D) [4]. Furthermore, due to the 82 

underlying illness, nutritional needs in CFRD differ from other types of diabetes. Patients 83 

with T1D or type 2 diabetes (T2D) are often advised to eat a low-fat, low-salt, and in case of 84 

overweight or obesity an energy-reduced diet. By contrast, in CFRD, energy needs are 85 

increased due to infections, increased work of breathing and other factors related to cystic 86 

fibrosis (CF). In parallel, energy uptake is decreased due to malabsorption, loss of appetite 87 

and gastrointestinal problems. Depending on individual nutritional status, CF patients are 88 

therefore advised to consume a very high-calorie diet with 120-150% of daily recommended 89 

energy intake for age and sex [5-7]. The German CF guidelines recommend a high-fat, high-90 

fiber diet providing up to 130% of daily energy intake based on the reference values from the 91 

German, Austrian and Swiss Nutrition Societies [8]. However, international guidelines do not 92 

agree with this dietary intervention and do not recommend a high-fiber diet in order to not 93 

compromise energy intake in CFRD [5,6]. Contrary to T1D or T2D, no restriction on type of 94 

carbohydrates (e.g. low glycemic index or high-fiber content) exists in CFRD [5,6]. Artificial 95 

sweeteners should be avoided as they provide no calories [5]. According to international 96 

guidelines, nutritional CF recommendations are not changed by an additional diagnosis of 97 

diabetes [5]. In CFRD, insulin therapy has to be adjusted to carbohydrate intake and not vice 98 

versa [7]. Due to conflicts between nutritional recommendations for CF and for diabetes, 99 

dietary counseling for CFRD is challenging. Overall, studies on nutrition in CFRD are scarce 100 

and no randomized controlled trials on dietary interventions exist. Thus, detailed nutritional 101 



7 

 

guidelines are lacking and current dietary recommendations for CFRD have low levels of 102 

evidence. 103 

Based on the pathophysiological and nutritional differences, we hypothesized that total 104 

carbohydrate intake, its diurnal distribution and insulin requirement per 11 grams of 105 

carbohydrate differ between CFRD and T1D. Furthermore, we compared carbohydrate intake 106 

in CFRD and in T1D patients with the respective recommendations and with healthy peers. 107 

 108 

2. Materials and methods 109 

2.1. Ethics statement 110 

The DPV initiative has been approved by the local ethical committee of the University of 111 

Ulm, Germany and anonymized data collection by the local review boards of each 112 

participating center. 113 

 114 

2.2. Diabetes patient registry DPV 115 

Anonymized data from the multicenter, standardized, prospective German/Austrian diabetes 116 

registry, DPV, were analyzed (www.d-p-v.eu). Since 1995, specialized diabetes care centers 117 

enter demographics and clinical data of diabetes patients regularly in an electronic health 118 

record system. Every 6 months, locally documented data are transmitted anonymously to Ulm 119 

University for central analyses and quality assurance [1,2,9]. Implausible entries are reported 120 

back to centers. All valid data are aggregated into a cumulative database. At the end of 2013, 121 

the registry comprised plausible data on 323,745 diabetes patients from 404 specialized 122 

diabetes clinics in Germany and Austria. 123 

For the present study, patients aged 10-<30 years with either CFRD or T1D and with age at 124 

diabetes onset >6 months were included. In patients aged ≤6 months at diabetes onset, non-125 

T1D was assumed. In patients <10 years of age, CFRD is rare. Further inclusion criteria are 126 
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given in Fig. 1. A diagnosis of CFRD or T1D was made by clinicians based on current 127 

guidelines [5,10]. The final study population comprised 37,003 insulin-treated patients from 128 

374 diabetes care centers. 36,780 patients were diagnosed with T1D and 223 patients had 129 

CFRD. For each patient included, the most recent year of care was evaluated. Multiple 130 

datasets per year were aggregated. 131 

 132 

2.3. Demographic and clinical characteristics 133 

Contemporary national reference data from the German Health Interview and Examination 134 

Survey for Children and Adolescents (KiGGS) was applied to compute body mass index 135 

standard deviation score (BMI-SDS) [11]. For subjects aged >18 years, coefficients were 136 

extrapolated. Patient’s body surface (BS) was estimated using the formula from Du Bois and 137 

Du Bois [12].  138 

Based on local reference ranges, hemoglobin A1c (HbA1c) was mathematically standardized 139 

to the Diabetes Control and Complication Trial (4.05-6.05%) using the multiple of the mean 140 

method.  141 

For this analysis on meal-related insulin requirement, meal-related insulin was specified as 142 

rapid-acting insulin analogue or regular insulin. Type of basal insulin was classified as long-143 

acting insulin analogue, intermediate-acting insulin (NPH/zinc insulin) and no basal insulin. 144 

The number of insulin injections was defined as number of injection time-points per day. 145 

Severe hypoglycemia, hypoglycemia with coma, microalbuminuria and retinopathy were 146 

defined as described in reference [13]. 147 

 148 

2.4. Carbohydrate intake 149 

In the two countries of the present analysis, diabetes patients and their parents learn how to 150 

count carbohydrates in diabetes education programs. 10-12 grams of carbohydrate equal one 151 
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carbohydrate unit in Germany and Austria. For this study, 1 carbohydrate unit was calculated 152 

as 11g carbohydrates. Reported carbohydrate intake per day and per meal were analyzed. 153 

Daily frequency of carbohydrate-containing meals was studied.  154 

Total daily carbohydrate intake was compared to the respective age- and gender-specific 155 

recommendations. In T1D, a carbohydrate intake of 50% of total daily energy intake based on 156 

reference values of the German, Austrian and Swiss Nutrition Societies is recommended, as 157 

described previously [14,15]. In CFRD, an energy intake between 120-150% of daily 158 

recommended intake for age and sex is advised and carbohydrates should be 45-50% of total 159 

energy [5-7]. For this analysis, 130% of daily energy intake based on general 160 

recommendations [14] was used and carbohydrates should be 45% of total energy. 161 

To compare carbohydrate intake with healthy peers, national reference data from the Eating 162 

Study as a KiGGS Module (EsKiMo) was used for subjects aged 10-<18 years and from the 163 

Second German National Nutrition survey for subjects aged 18-<30 years [16,17]. 164 

 165 

2.5. Statistical analysis 166 

All statistics were carried out with SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Descriptive 167 

statistics are given as median with quartiles for continuous variables and as percentage for 168 

dichotomous variables. For group comparisons of continuous parameters Kruskal-Wallis test 169 

was used. χ²-test was applied for dichotomous parameters. 170 

To compare carbohydrate intake, meal frequency, insulin requirement and the use of insulin 171 

types between CFRD and T1D, hierarchic multivariable regression modelling was applied in 172 

order to adjust for potential confounding effects (age, gender). Treatment center was entered 173 

as random factor in each model (Cholesky covariance structure). For continuous parameters 174 

linear regression was used and for dichotomous parameters logistic regression. In linear 175 

regression, parameters were estimated using residual maximum likelihood technique and in 176 
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logistic regression maximum likelihood. Between-within method was applied to calculate 177 

denominator degrees of freedom. The confounder ‘age’ was categorized as 10.0-<16.2 years, 178 

16.2-<18.3 years, 18.3-<22.0 years and 22.0-<30.0 years. Median age with lower and upper 179 

quartile of CFRD patients was used as cut-offs in order to achieve comparable numbers of 180 

CFRD patients per age group. Sensitivity analyses were performed: all models were 181 

additionally adjusted for BMI-SDS, except the models for insulin dose per kg body weight or 182 

per square meter BS. Based on observed marginal frequencies of gender ratio and age 183 

category, adjusted estimates (mean±SE, proportions) were calculated. A two-sided p-value 184 

<0.05 was considered significant. 185 

 186 

3. Results 187 

Baseline characteristics of CFRD and T1D are presented in Table 1 for all patients and for 188 

both genders separately. In CFRD, a female preponderance was observed compared to T1D 189 

(p<0.001). Independent of gender, CFRD patients were older, had a shorter duration of 190 

diabetes and a lower BMI, BMI-SDS and HbA1c (all p<0.001). The proportion of patients 191 

with migration background did not differ significantly between groups. 192 

CFRD patients included in the study were on average three years younger than CFRD 193 

patients excluded due to missing information on total carbohydrate or body weight (Fig. 1, 194 

n=62) (p=0.002). By contrast, diabetes duration, BMI-SDS, HbA1c, occurrence of 195 

microalbuminuria or retinopathy and frequency of severe hypoglycemia or hypoglycemia 196 

with coma did not differ significantly. T1D patients included in the study were younger, had 197 

a shorter duration of diabetes and a lower HbA1c compared to T1D patients excluded due to 198 

missing data (Fig. 1, n=2,441) (all p<0.05). As suspected the occurrence of microalbuminuria 199 

or retinopathy was less common in the younger included T1D patients (p<0.001), whereas 200 
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BMI-SDS and the frequency of severe hypoglycemia or hypoglycemia with coma were 201 

comparable to the older excluded patients. 202 

 203 

3.1 Carbohydrate intake 204 

In CFRD, total daily carbohydrate intake was higher (238.2±3.6 vs. 191.1±1.0 g/d, p<0.001) 205 

and compared to T1D, patients consumed more carbohydrates at each time-point during the 206 

day (Fig. 2) (after adjustment for age and sex). Furthermore, the percentage of carbohydrates 207 

delivered by snacks was significantly higher in CFRD than T1D (23.6 vs. 21.2% of total 208 

carbohydrates, p=0.005). By contrast, the daily number of carbohydrate-containing meals 209 

(3.63±0.15 vs. 3.60±0.06 meals/day, p=0.820) and the distribution of carbohydrates 210 

throughout the day (Fig. 2) were comparable between groups. All findings persisted after 211 

additional adjustment for BMI-SDS, except the significant differences for carbohydrate 212 

intake at first snack and for percentage of carbohydrates delivered by snacks. 213 

 214 

Even though recommendations for energy and carbohydrate intake differ between CFRD and 215 

T1D, neither CFRD nor T1D patients achieved the respective recommended age- and gender-216 

specific amount of carbohydrates (median [quartiles] CFRD vs. T1D: 61.7% [47.3;77.1] vs. 217 

60.1% [50.5;71.3] of recommended values for CFRD/T1D). However, in CFRD, 218 

achievement of the respective recommendation was better than in T1D (p<0.001). With 219 

increasing age, a progressive fall of carbohydrate intake below recommendations was present 220 

in T1D, whereas in CFRD no trend with age could be observed. The respective value for T1D 221 

in the age groups 10.0-<16.2 years, 16.2-<18.3 years, 18.3-<22.0 years and 22.0-<30.0 years 222 

was 64.1% [54.9;74.6], 55.9% [46.9;64.9], 55.3% [46.6;66.1] and 52.6% [45.1;60.1], and for 223 

CFRD 61.0% [48.9;75.3], 55.1% [43.2;74.0], 66.8% [48.8;77.1] and 63.7% [49.1;77.1]. 224 

 225 
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In CFRD, carbohydrate intake was closer to healthy peers than in T1D (p<0.001). CFRD 226 

patients had an average carbohydrate intake of 79.2% [57.5;100.4] of healthy peers and T1D 227 

patients of 61.5% [51.9;73.9]. 228 

 229 

3.2 Insulin requirement 230 

In CFRD, insulin requirement per 11 grams of carbohydrate in total (1.15±0.06 vs. 1.70±0.01 231 

IU/d, p<0.001) and at each time-point during the day (Fig. 3) was lower compared to T1D 232 

(after adjustment for age and sex). Furthermore, the reported total or basal insulin doses per 233 

kg body weight or per square meter BS, the basal number of insulin injections and the use of 234 

long-acting insulin analogues were also lower in CFRD (Table 2). Some patients with CFRD 235 

did not use basal insulin, whereas in T1D all patients had basal insulin therapy (Table 2). 236 

Meal-related insulin dose per kg body weight was significantly higher in CFRD, while no 237 

difference could be observed per square meter BS (Table 2). Insulin dose per square meter 238 

BS was additionally calculated because underweight is often present in CFRD and we assume 239 

that square meter BS might be a better reference basis for insulin dose than kilogram body 240 

weight. Number of total or meal-related insulin injections and the use of rapid-acting insulin 241 

analogues or regular insulin or intermediate-acting insulin were comparable between groups 242 

(Table 2). The circadian rhythm of insulin sensitivity persisted in CFRD (Fig. 3): reported 243 

insulin requirement per 11 grams of carbohydrate was highest in the morning, lowest at noon 244 

and in the evening somewhat higher than at noon. All findings remained significant after 245 

additional adjustment for BMI-SDS. Insulin doses per kg body weight or per square meter BS 246 

were not additionally adjusted for BMI-SDS. 247 

 248 

4. Discussion 249 
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Our analysis indicated that despite the additional diagnosis of diabetes, carbohydrate intake in 250 

CFRD is higher than in T1D in order to meet energy requirement. In CFRD, all meals and 251 

snacks contained a higher amount of carbohydrates compared to T1D. In the latest Australian 252 

clinical practice guidelines for CFRD, a high-calorie, carbohydrate-rich diet is advised [18]. 253 

Total carbohydrate intake should not be restricted [19]. Many CF patients with diabetes 254 

consume several sugar-rich snacks and beverages additionally to regular meals in order to 255 

increase energy intake [20]. Restricting refined sugars in CFRD may result in a reduction of 256 

total caloric intake. The UK Cystic Fibrosis Trust recommends consumption of simple 257 

carbohydrates together with other foods or directly after meals [7]. 258 

Due to varying appetite and gastrointestinal problems in CF, we hypothesized that patients 259 

with CFRD have smaller meals than patients with T1D, but a higher meal frequency to reach 260 

energy needs. However, daily number of carbohydrate-containing meals was comparable 261 

between groups. Compared to the routine dietary therapy suggested by Wilson et al. [19], our 262 

CFRD patients did not reach the daily frequency of 6 meals (3 main meals, 3 snacks). One 263 

reason might be the additional consumption of fat-rich snacks that could not be considered in 264 

our analysis. Moreover, patients with CFRD may skip meals due to less appetite or 265 

gastrointestinal problems [20]. As in other types of diabetes [21], there is no general 266 

recommendation on the optimal frequency of carbohydrate-containing meals in CFRD. In 267 

case of suboptimal metabolic control, distribution of carbohydrates throughout the day might 268 

be beneficial [18]. 269 

The trend towards a higher percentage of carbohydrates delivered by snacks in CFRD leads 270 

to the hypothesis that more carbohydrates are shifted from main meals to snacks than in T1D, 271 

as otherwise it might be difficult for CFRD patients to achieve the high-calorie intake. 272 

 273 
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Compared to the respective recommendations and to healthy peers, CFRD and T1D patients 274 

revealed a lower carbohydrate intake. For T1D, this supports previous reports [15,22,23]. In 275 

136 pancreatic-insufficient Scandinavian CF patients, carbohydrate intake was marginally 276 

below the Nordic Nutrition Recommendations [24]. However, patients with CFRD revealed a 277 

higher energy intake from fat and a lower energy intake from carbohydrates than non-diabetic 278 

CF patients [24]. As suggested by our findings, carbohydrates seem to be restricted in 279 

patients with diabetes. In CFRD, this might be due to avoidance of additional insulin doses 280 

and insulin injections. However, an adequate amount of carbohydrates, especially during 281 

puberty, is essential to achieve energy needs, and with this optimal growth and weight gain. 282 

In the diet of CFRD patients, carbohydrates should be liberalized and patients should be 283 

trained sufficiently in carbohydrate counting. The progressive fall of carbohydrate intake 284 

below recommendations in our pediatric and young adult T1D patients confirms previous 285 

findings [15]. In CFRD patients aged 16.2 to <18.3 years, the low carbohydrate intake may 286 

indicate underestimation of carbohydrate requirement during puberty. 287 

 288 

In addition, our study demonstrated a lower total insulin requirement in CFRD compared to 289 

T1D. A feasible explanation is the incomplete destruction of pancreatic ß-cell mass in CFRD 290 

[3]. Contrary to most previous studies in T1D, endogenous insulin secretion is therefore not 291 

totally absent in CFRD. A recent study on 155 insulin-treated CFRD patients indicated low 292 

doses of insulin and concluded that exogenous insulin requirement is moderate in CFRD due 293 

to the presence of endogenous insulin secretion [25]. A circadian variation in insulin 294 

requirement was already reported for T1D [26] and persisted in CFRD. 295 

The most logical explanation for the higher meal-related insulin dose per kg body weight in 296 

CFRD compared to T1D is the larger amount of carbohydrate intake in CFRD. Moreover, a 297 

complex interaction of other factors may influence insulin requirement. In CFRD, insulin 298 



15 

 

deficiency is the hallmark. However, varying degrees of insulin resistance during acute and 299 

chronic illness are also present in CFRD and are more pronounced and more common 300 

compared to T1D. In addition, a typical observation during an oral glucose tolerance test in 301 

CFRD is the elevation of one hour blood glucose values, whereas fasting and two hour blood 302 

glucose values are normal [27,28]. This phenomenon is known as indeterminate glucose 303 

tolerance (INDET). A further aspect in patients with an early stage of CFRD is the frequent 304 

elevation of postprandial glucose values, whereas fasting and pre-meal blood glucose values 305 

are normal. As in early stages of T2D, injections of short-acting insulin analogues prior to 306 

main meals (supplementary insulin therapy) might be a possible treatment option for these 307 

patients. The residual endogenous insulin secretion in CFRD is likely responsible for the low 308 

basal insulin dose. 309 

In CFRD, the lower number of basal and the comparable number of meal-related insulin 310 

injections compared to T1D further confirm the assumption that patients with CFRD require 311 

predominantly meal-related insulin supplementation and - due to the residual endogenous 312 

insulin secretion - less basal insulin. 313 

A possible explanation for the more frequent use of long-acting insulin analogues in T1D 314 

compared to CFRD is that CFRD patients secrete more endogenous insulin and are often not 315 

treated with any basal insulin in early stage of CFRD. In our study, 27.2% of CFRD patients 316 

were on no basal insulin, whereas in T1D all patients received basal insulin therapy. As 317 

patients with nocturnal tube feeding were excluded, this could not bias the use of long-acting 318 

insulin analogues in patients with CFRD. 319 

 320 

Major strengths of our study are the multicenter nature and the large number of patients 321 

included. To our best knowledge, this is the first study analyzing carbohydrate intake and 322 

insulin requirement per 11 grams of carbohydrate in such a large number of CFRD patients 323 
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(n=223). One limitation is the evaluation of carbohydrate intake on the basis of carbohydrate 324 

units reported by patients or their parents. Thereby, carbohydrates delivered e.g. by fiber 325 

could not be considered. Moreover, only carbohydrate-containing meals could be used to 326 

analyze meal frequency. Patients with tube feeding were excluded from the analysis. As tube 327 

feeding is often present in older CF patients this might bias total energy intake as well as 328 

carbohydrate intake. The exclusion of some eligible patients due to missing data on 329 

carbohydrate intake or body weight (Fig. 1) is another limitation of the study. Even though 330 

most demographics and diabetes-related complications did not differ between included and 331 

excluded CFRD patients, a selection bias cannot be totally ruled out especially in T1D where 332 

more differences were observed between included and excluded patients. The inclusion of 333 

more compliant patients with less severe disease may bias estimates of carbohydrate intake 334 

and insulin requirement. 335 

 336 

In conclusion, our analysis of a large cohort of pediatric and young adult patients (n=37,003) 337 

revealed clear differences between CFRD and T1D regarding carbohydrate intake and insulin 338 

requirement per 11 grams of carbohydrate. Moreover, patients with diabetes seem to restrict 339 

carbohydrate intake. Due to the differences observed in our study and due to distinct 340 

nutritional needs, dietary counseling and anti-hyperglycemic therapy for CFRD should never 341 

be the same as for T1D or T2D. 342 
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Table 1 Baseline characteristics. Values are median with quartiles or percentage. Except for the proportion with migration background, p-values were 488 

<0.05 for comparisons between CFRD and T1D in the whole study population and in gender-specific analysis. Kruskal-Wallis test for continuous 489 

variables, χ²-test for dichotomous variables. 490 

 CFRD   
 

T1D   

 All Females Males 
 

All Females Males 

N 223 144 79 
 

36,780 16,836 19,944 

Female sex (%) 64.6 100.0 0.0 
 

45.8 100.0 0.0 

Migration  

background (%) 
10.8  11.1 10.1 

 
13.6 14.1 13.1 

Age (years) 18.3 [16.2; 22.0] 18.3 [15.9; 22.7] 18.3 [16.5; 21.5] 
 

15.8 [13.2; 17.6] 15.6 [12.9; 17.6] 16.0 [13.5; 17.7] 

Duration of 

diabetes (years) 
3.7 [1.5; 6.5] 4.1 [1.5; 7.4] 3.2 [1.4; 5.7] 

 
5.0 [2.2; 8.7] 5.2 [2.3; 8.7] 4.9 [2.1; 8.6] 

BMI (kg/m²) 

 

19.6 [17.9; 21.2] 

(n=219) 

19.6 [18.2; 21.1] 

(n=142) 

19.4 [17.6; 21.8] 

(n=77) 

 21.7 [19.4; 24.3] 

(n=36,546) 

22.1 [19.6; 24.8] 

(n=16,719) 

21.4 [19.2; 23.9] 

(n=19,827) 

BMI-SDS 

 

-0.75 [-1.56; -

0.09] 

 

-0.77 [-1.42; -

0.17] 

 

-0.75 [-1.82; 

0.00] 

 

 +0.29 [-0.31; 

+0.88] 

 

+0.41 [-0.20; 

+0.99]  

 

+0.19 [-0.39; 

+0.76] 

 

HbA1c (%) 

 

7.0 [6.2; 8.5] 

(n=206) 

7.0 [6.2; 8.2] 

(n=132) 

7.1 [6.2; 8.7] 

(n=74) 

 7.9 [7.0; 9.1] 

(n=36,298) 

7.9 [7.1; 9.1] 

(n=16,607) 

7.9 [7.0; 9.0] 

(n=19,691) 

 491 
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Table 2 Insulin requirement in CFRD and T1D. Values are adjusted means±SE / adjusted 492 

proportions based on hierarchic multivariable regression models. Adjustments for age and 493 

gender, treatment center as random intercept. 494 

Adjusted estimates CFRD T1D p-value 

N 223 36,780  

Type of basal insulin (%)    

Long-acting insulin analogue 34.4 52.5 <0.001 

Intermediate-acting insulin (NPH/zinc 

insulin) 

38.4 47.5   0.194 

No basal insulin 27.2 - - 

Type of meal-related insulin (%)    

Rapid-acting insulin analogue 55.6 56.5   0.801 

Regular insulin 44.4 43.5   0.801 

Reported insulin dose (IU/kg*d)    

Total 

 

0.749±0.022 

 

0.835±0.006 

 

<0.001 

 

Basal 

 

0.274±0.013 

 

0.381±0.004 

 

<0.001 

 

Meal-related 

 

0.522±0.015 

(n=219) 

0.472±0.004 

(n=36,586) 

  0.001 

 

Reported insulin dose (IU/m²*d)    

Total 

 

24.1±0.8 

(n=219) 

30.1±0.2 

(n=36,548) 

<0.001 

 

Basal 

 

8.6±0.5 

(n=219) 

13.8±0.1 

(n=36,548) 

<0.001 

 

Meal-related 

 

16.9±0.6 

(n=212) 

17.0±0.1 

(n=36,316) 

  0.878 

 

Insulin injection time-points per day (n)    

Total 

 

3.17±0.14 

 

3.35±0.07  

 

  0.169 

 

Basal 

 

0.57±0.07 

 

0.71±0.02  

 

  0.029 

 

Meal-related 

 

3.03±0.16 

 

3.08±0.07  

 

  0.732 

 

 495 

 496 
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Fig. 1. Selection of study population. 497 

 498 
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Fig. 2. Daily distribution of carbohydrate intake in CFRD (hashed bar) and T1D (black bar). 499 

Values are adjusted means±SE based on hierarchic multivariable regression models. 500 

Adjustments for age and gender, treatment center as random intercept. T1D: n=36,780, 501 

CFRD: n=223. 502 

 503 

 504 

Fig. 3. Insulin requirement per 11 grams of carbohydrate throughout the day in CFRD 505 

(dashed line) and T1D (solid line). Values are adjusted means±SE based on hierarchic 506 

multivariable regression models. Adjustments for age and gender, treatment center as random 507 

intercept. T1D: n=36,669, CFRD: n=220. 508 

 509 


