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A B S T R A C T   

Aims: To examine time-trends in BMI-distributions of young females with and without type 1 diabetes (T1D), 
with focus on the upper half of the distribution i.e., the median and above, and to explore if overweight and 
obesity independently increase risk of diabetes angiopathy. 
Methods: Population-based cohort study of 3,473 females with T1D, 16–35 years, identified in the Swedish 
National Diabetes Registers, January 2005 to October 2015, and 8,487 females from the background population. 
BMI-distributions were examined using kernel density estimates and quantile regression. Hazard ratios (HRs) and 
95 % confidence intervals (CIs) for angiopathy in overweight/obese subjects were estimated with adjusted Cox 
regression. 
Results: The BMI-distribution in females with T1D was right shifted to that of the background population (p <
0.001). The 90th percentile and median BMI increased equally overtime in both groups, but females with T1D 
started from a higher baseline. In T1D, HRs were significantly increased for any angiopathy in individuals with 
obesity (adj HR 1.37 (CI 1.14–1.64)), and for retinopathy; adj HRs (CIs): overweight; 1.15 (1.02–1.29), obesity; 
1.30 (1.08–1.56). 
Conclusions: Females with T1D have increasing BMI overtime and are heavier than females without T1D. 
Overweight and obesity are by themselves risk factors for angiopathy.   

1. Introduction 

Despite modern management, individuals with type 1 diabetes (T1D) 
have significantly shorter life-time expectancy than individuals in the 
general population [1,2]. The leading cause of death is cardiovascular 
morbidity, with women facing the highest relative risks [2–5]. 
Compared to men with T1D, women with T1D have twice as high excess 
risks of fatal and nonfatal vascular disease, and an almost 40  % higher 
excess risk of preterm mortality [3]. Females with T1D also have higher 
rates of microangiopathy [6–8] which is closely related to development 
of macroangiopathy [9]. In pregnancies with T1D, microangiopathy 

increases risks of adverse outcome in both mother and child [10]. 
The pathophysiology of angiopathy in T1D is complex, reflecting an 

interaction between metabolic, hemodynamic, and genetic factors [11]. 
In addition to well-known factors like glycemic control and duration of 
disease, both high LDL-cholesterol levels and HbA1c-variability are 
associated with risk of retinopathy and nephropathy in individuals with 
T1D [12,13]. The prevalence of major cardiovascular risk factors is 
significantly higher in females than in males with T1D, already during 
adolescence [14,15]. 

Overweight and obesity are key drivers of cardiovascular disease 
(CVD) risks in individuals without T1D, but their potential impact on 
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risk of diabetes angiopathy in young individuals with T1D is unclear. In 
Sweden, the proportion of adolescents and young women without T1D 
with overweight and obesity is increasing over time [16]. If a similar 
trend is also seen in females with T1D is unclear. There are only a few 
population-based studies presenting comparative data on time trends in 
body mass index (BMI) in females with and without T1D [17], and 
previous studies on young people with T1D used outdated reference 
standards, or no reference data at all [18,19]. In addition, earlier studies 
have focused on the prevalence of overweight and obesity without 
investigating potential shifts within the whole distribution of BMI 
[20–22]. This information is of interest as it captures potential shifts 
within different BMI-categories. 

The primary aim of this population-based study was to examine the 
distribution of BMI in young females with T1D compared to the back
ground population, and to investigate possible shifts in the upper part of 
the BMI distribution over time, with focus on the 90th percentile. The 
secondary aim was to explore whether overweight and obesity are in
dependent risk factors for diabetes micro- and macroangiopathy already 
in adolescence and young adulthood in females with T1D. 

2. Material and methods 

2.1. Study design, study cohort, and data sources 

This nationwide, population-based cohort study included females 
with T1D, aged 16–35 years, and identified in the Swedish national 
diabetes registers; the Swedish National Diabetes Register (NDR) and 
Swediabkids, between January 2005 and October 2015, and with at 
least one registration in the NDR from January 2005 until 31st of 
October 2015. T1D was defined according to the American Diabetes 
Association classification [23], and by International Classification of 
Diseases 10 (ICD-10) code E10 in the NDR, or in the National Patient 
Register (NPR). We excluded individuals with less than one-year follow- 
up time in the register, with no data on HbA1c and/or BMI and/or 
implausible values on BMI, i.e., <12 and >70 kg/m2. The reference 
population included Swedish females, aged 16–35 years, identified in 
the Living Conditions Surveys, Statistics Sweden, with data from 2005 to 
2015 [24]. By using the individual personal identity number assigned to 
all citizens in Sweden, the cohort was linked to several other national 
registers with information on covariates and potential confounders. 

The Swedish national diabetes registers include information on most 
children, adolescents, and adults with diabetes in Sweden. Data include 
clinical, biochemical, and genetic parameters at onset of diabetes, and 
prospectively collected information on measured weight and height, 
glycemic control, and possible diabetes-related complications from each 
clinical visit. The NDR contains data on adult patients (≥18 years) since 
1996, and Swediabkids on children and adolescents since 2000 [25,26]. 
In the latest yearly comparison between the national diabetes registers 
and the Swedish Prescribed Drug Register, the NDR covered data from 
around 88  % of adults with any type of diabetes, and 93  % of children 
and adolescents with diabetes [27]. The National Patient Register is 
maintained by the Swedish National Board of Health and Welfare, and 
includes data on medical diagnoses, according to the International 
Classification of Diseases (ICD, 10th version since 1998), from inpatient 
specialist care since 1973, and from outpatient specialist care since 2001 
[28]. The LISA database (longitudinal integrated database for health 
insurance and labor market studies) includes all individuals, 16 years of 
age and older, and registered in Sweden as of December 31 each year 
[29]. The LISA database provides information on country of birth and 
socioeconomic status by integrating data from the labor market, and 
educational and social sectors, and is updated annually. Living Condi
tions Surveys (ULF/SILC) describe various aspects of living conditions 
for different groups of the population aged 16 and older and offer na
tional data on self-reported weight and height from 16 years of age [24]. 
The Swedish Cause of Death Register covers information on all deaths in 
Sweden since 1952 [30]. 

2.2. BMI distribution 

In analyses of the distribution of BMI, time served as the exposure 
variable. The primary outcome was the 90th percentile of BMI and the 
secondary outcome was the median BMI. 

2.3. Association between BMI and diabetes angiopathy 

In analyses of the association between BMI and diabetes angiopathy, 
BMI was the exposure and divided into categories. BMI was calculated as 
weight divided by height squared and divided in the following cate
gories according to the WHO criteria: underweight (BMI < 18.5 kg/m2), 
normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25–29.9 kg/ 
m2), and obesity (BMI ≥ 30 kg/m2) [31]. Data on measured height and 
weight in females with T1D were collected from the NDR. Only BMI data 
recorded > 6 months after diabetes onset were used. 

The main outcome was any type of diabetes angiopathy defined as 
either a diagnosis of a) retinopathy, b) microalbuminuria, c) macro
albuminuria, and/or d) hypertension. The associated risks of the out
comes were analyzed separately. 

Information from both NDR and the NPR was used to identify females 
with retinopathy, which included both simplex, pre-proliferative and 
proliferative retinopathy (ICD-10 codes H36.0, A, B, X/ E10.3A, B, C). 

Females with microalbuminuria or macroalbuminuria were identi
fied in the NDR using predefined variables. Microalbuminuria was 
defined as u-albumin/creatinine ratio of 3–30 (mg/mmol) or u-albumin 
of 20–200 μg/min (20–300 mg/L), at two occasions within the same 
year. Macroalbuminuria was defined as u-albumin/creatinine ratio of >
30 mg/mmol, or u-albumin > 200 μg/min (>300 mg/L), at two occa
sions within the same year. Nephropathy was classified as any micro
albuminuria or macroalbuminuria, according to the definitions above. 

Hypertension was defined as a BP ≥ 140/90 at 3 subsequent occa
sions (ICD-10 code I109) based on data from both NDR and the NPR. 

Data on HbA1c were obtained from the NDR/Swediabkids and based 
on capillary blood samples measured at certified local laboratories. All 
methods used in Sweden have been standardized since 1997 through 
EQUALIS (External Quality Assurance in Laboratory Medicine in Swe
den), enabling standardization. HbA1c was measured in IFCC units 
(mmol/mol)[32] and converted to DCCT units (%). 

HbA1c was calculated as an up-dated mean over the past year and 
divided in categories (<6.9 %, 6.9–7.3, 7.4–7.9, 8.0–8.5, ≥ 8.6 % (<52, 
52 56, 57–63, 64–69, ≥ 70 mmol/mol)). The Swedish national guide
lines for adults recommend HbA1c-level below 6.9  % (52 mmol/mol) 
[33]. For stratified analyses, the HbA1c categories stated above were 
used. 

2.4. Potential confounders and mediators 

We considered age, country of birth, income, smoking, type of 
treatment (MDI/CSII), dyslipidemia, and HbA1c-variability to be po
tential confounders. Dyslipidemia and HbA1c-variability were also 
considered as potential mediators. All variables but country of birth, 
were regarded as time- varying. 

Data on country of birth and socioeconomic status were collected 
from the LISA database. 

Country of birth was categorized as Sweden or other, and assessed 
socioeconomic status was based on disposable income in Swedish 
crowns, categorized as 0–50 percentile and >50–100 percentile. 

Type of diabetes treatment (multiple daily injections/continuous 
subcutaneous insulin infusion (MDI/CSII)) and information on smoking 
(yes/no) were collected from the NDR. 

Dyslipidemia was defined as LDL-cholesterol level ≥2,6 mmol/L. 
HbA1c-variability was calculated as a difference in 10 mmol/mol 

between two subsequent measurements over 6 months (dichotomous 
variable). 
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2.5. Statistical analysis 

Baseline characteristics include data from the first registered obser
vation for everyone in the cohort. Continuous variables are presented as 
medians with interquartile range (IQR), and categorical variables as 
proportions. BMI was considered a time-varying variable in the T1D 
population, and the mean BMI for each patient and calendar year was 
used when multiple values were recorded. 

We calculated BMI distributions using kernel density estimates. To 
enable comparison between females with and without T1D, the data on 
the background population were weighted using propensity scores of 
ages and calendar year frequencies of the T1D cohort. Observations in 
the T1D population were weighted with the inverse of the number of 
BMI measurements per patient to balance the contributions of each 
patient. For missing data on BMI and other variables, forward imputa
tion was applied i.e., the most recent registered value was used. 

First, we examined potential changes over time in the 90th percentile 
of BMI and in the 50th percentile i.e., the median BMI, with respect to 
calendar year and age, using quantile regression with restricted cubic 
spline components. Ninety-five % confidence intervals (95 % CI) were 
calculated from bootstrap simulation with 200 replications. Secondly, 
we used Cox regression models for crude and adjusted analyses of hazard 
ratios (HRs) and confidence intervals (CIs) for microangiopathy, i.e., 
retinopathy and microalbuminuria, and for macroangiopathy i.e., 

macroalbuminuria and hypertension. The crude model was adjusted for 
calendar year with duration of T1D as the underlying time scale. The 
multivariable model additionally included adjustment for age, country 
of birth, income, type of treatment (MDI/CSII), smoking, dyslipidemia, 
and HbA1c-variability to examine potential influence from confounding 
variables and mediators. All variables but country of birth, were 
considered as time varying starting with the first registered value and 
ending with the last. For numerical variables the mean of each registered 
value for each patient and calendar year was calculated, and for cate
gorical variables the mode for each patient and calendar year was used. 
For missing data, the most recent registered value was used. 

In these analyses, we used BMI as a categorical variable, and as a 
numerical variable in a restricted cubic spline component. To explore 
any potential effect modification by HbA1c category on the association 
between BMI and angiopathy, we introduced an interaction term in an 
adjusted ridge regression model to stabilize estimates in interaction 
coefficients with few observations. Also, effect modification was exam
ined in analyses stratified on categories of BMI and HbA1c. 

We used statistical software R version 4.1.0. 

2.6. Eth ical approval 

The study was approved by the Regional Ethics Committee, Goth
enburg, Sweden (No 776-14, 24th of November 2014, Amendments No 

Table 1 
Cohort description, females with T1D, baseline characteristics.  

Variable Underweight Normal weight Overweight Obesity 

Number 166 2,322 824 161 
Number of clinical visits per year 2.6 (1.9–3.3) 2.5 (1.8–3.4) 2.6 (1.8–3.7) 2.9 (2.0–4.0) 
Age (years) 16.2 (16.1–16.6) 16.2 (16.1–16.5) 16.2 (16.1–16.5) 16.2 (16.1–16.4) 
Height (cm) 166 (162–171) 167 (162–171) 166 (162–170) 164 (161–168) 
Weight (kg) 49 (46–52) 61 (57–66) 74 (70–78) 88 (82–94) 
BMI (kg/m2) 18.0 (17.2–18.3) 22.1 (20.7–23.4) 26.5 (25.7–27.8) 31.9 (30.7–34.1)  

HbA1c,  %(mmol/mol) 7.7 (6.6–9.3) 
(61 (49–78)) 

8.2(7.3–9.2) 
(66 (56–77)) 

8.4 (7.5–9.2) 
(68 (59–77)) 

8.7 (7.7–9.6) 
(72 (61–81)) 

HbA1c < 6.9 
(<52) 

48 (29 %) 358 (15 %) 74 (9 %) 18 (11 %) 

6.9 ≤ HbA1c < 7.4 
(52 ≤ HbA1c < 57) 

15 (9 %) 262 (11 %) 85 (10 %) 11 (7 %) 

7.4 ≤ HbA1c < 8.0 
(57 ≤ HbA1c < 64) 

24 (14 %) 403 (17 %) 133 (16 %) 19 (12 %) 

8.0 ≤ HbA1c < 8.6 
(64 ≤ HbA1c < 70) 

20 (12 %) 381 (16 %) 171 (21 %) 22 (14 %) 

HbA1c ≥ 8.6 
(HbA1c ≥ 70) 

59 (36 %) 918 (40 %) 361 (44 %) 90 (56 %) 

Duration (years) 5 (2–9) 7 (4–10) 7 (5–11) 7 (4–10) 
Debut age 12 (8–14) 10 (7–13) 9 (6–12) 10 (7–12) 
Insulin method     
Injection 128 (77 %) 1467 (63 %) 442 (54 %) 87 (54 %) 
Pump 38 (23 %) 850 (37 %) 374 (46 %) 73 (46 %) 
Smoker 12 (7 %) 199 (9 %) 91 (11 %) 13 (8 %) 
Education     
Low 146 (95 %) 2030 (94 %) 698 (93 %) 136 (92 %) 
Intermediate 7 (5 %) 124 (6 %) 53 (7 %) 10 (7 %) 
High 0 5 (0.2 %) 3 (0.4 %) 2 (1.4 %) 
Income     
0–50 percentile 98 (62 %) 1337 (61 %) 480 (62 %) 104 (69 %) 
50–100 percentile 59 (38 %) 867 (39 %) 292 (38 %) 47 (31 %) 
Country of birth     
Sweden 152 (97 %) 2122 (96 %) 746 (97 %) 144 (95 %) 
Other 5 (3 %) 82 (4 %) 26 (3 %) 7 (5 %) 
Any micro/ macroangiopathy (yes/no) 41 (31 %) 758 (39 %) 320 (47 %) 59 (48 %) 
Microalbuminuria 6 (4 %) 80 (4 %) 23 (3 %) 8 (6 %) 
Macroalbuminuria 3 (2.0 %) 15 (0.7 %) 3 (0.4 %) 1 (0.7 %) 
Retinopathy 19 (12 %) 422 (19 %) 186 (24 %) 40 (26 %) 
Hypertension 0 (0 %) 3 (0.1 %) 0 (0 %) 0 (0 %) 
Dyslipidemia 58 (42 %) 990 (51 %) 409 (61 %) 96 (74 %) 

Continuous variables are presented as medians with interquartile range, and categorical variables as proportions. HbA1c presented in NGSP units (%) with DCCT units 
(mmol/mol) in parentheses. 
BMI, Body Mass Index; HbA1c, glycated hemoglobin. 
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Fig. 1. Distribution of BMI in young females with T1D (red) and in young females in the background population (blue), including data from the whole cohort, no 
special year, BMI as a continuous variable. BMI, Body Mass Index; T1D, Type 1 Diabetes. 

Fig. 2a. Distribution of 90th percentile BMI over time in young females with T1D (red line) and in young females in the background population (blue line), in 
different age groups. BMI, Body Mass Index; T1D, Type 1 Diabetes. 
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T076-17, No 2020-01681). 

3. Results 

In total, we identified 4,592 females with T1D, aged 16–35 years, in 
the Swedish diabetes registries. After exclusion of individuals with other 
types of diabetes than type 1 and individuals with no registration of BMI 
or with less than one year follow-up, the final study cohort included 
3,473 young females. The background population included 8,487 fe
males of the same ages and without T1D. At baseline, 5 % of females 
with T1D were underweight, 66  % were normal weight, 24  % had 
overweight, and 5 % were obese (Table 1). Corresponding proportions in 
females without T1D were 6.8 % underweight, 72.3 % normal weight, 
15.3 % overweight, and 5.6 % obese. For females with T1D, the median 
age at baseline was 16.2 (interquartile range (IQR) 16.1–16.6), median 
duration of diabetes was 7 years (IQR 4–10), and median age at onset 
was 10 years (IQR 7–13). Age at baseline and median age at onset were 
comparable between females in the different BMI categories. The 
average number of BMI measurements per year ranged from 0 to 8.8 in 
the T1D population, with a mean of 2.0. 

In the reference population, there was only one BMI observation for 
each individual. 

Treatment with CSII was more common in females with overweight 
and obesity. In females with CSII, median HbA1c was 8.4 % (68 mmol/ 
mol) (IQR 7.5–9.3 % (59–78 mmol/mol)), and BMI 23.6 kg/m2 (IQR 
21.6–25.9 kg/m2) at baseline. Corresponding data for females with MDI 
were HbA1c: 8.1 % (65 mmol/mol) (IQR 7.2–9.2 % (55–77 mmol/mol), 
and BMI 22.6 kg/m2 (IQR 20.7–25.0 kg/m2). 

The proportion of females with HbA1c ≥ 8.6 % (≥ 70 mmol/mol) 
increased with higher BMI as well as the proportion of females with 

retinopathy or the composite outcome “any diabetes angiopathy” 
(Table 1). 

3.1. Distribution of BMI in young females with T1D compared to the 
background population 

The age distributions in the study population and the background 
population differed, and unweighted distributions showed weights that 
displayed a large variation, roughly between 0.05 and 8.00. Propensity 
scores produced weights that achieved balance, and weighted age and 
calendar year distributions in the background population and study 
population were identical. 

The distribution of BMI in young females with T1D was significantly 
shifted to the right of that of the background population (p < 0.001) 
(Fig. 1). The cut-off of the 90th percentile in the T1D group was esti
mated at 29.2 kg/m2 and at 25.7 kg/m2 in the background population 
(Fig. 1). Median BMI in females with T1D was 23.8 kg/m2 (IQR: 
21.7–26.3 kg/m2) compared to the median of the weighted BMI in the 
background population estimated at 21.3 kg/m2 (IQR: 19.6–23.2 kg/ 
m2) (Fig. 1). 

Overall, the 90th percentile and the median of BMI increased equally 
over time in both females with and without T1D, but with a tendency of 
greater increase in females with T1D during the first half of the study 
period. Also, females with T1D started from a higher baseline (Fig. 2a, 
Fig. 2b). 

3.2. Overweight/obesity and angiopathy in young females with T1D 

Compared to females of normal weight, hazard ratios (HRs) for any 
micro/macroangiopathy (any degree of retinopathy, and/or micro- or 

Fig. 2b. Distribution of median BMI over time in young females with T1D (red line) and in young females in the background population (blue line), different age 
groups. BMI, Body Mass Index; T1D, Type 1 Diabetes. 
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macroalbuminuria and/or hypertension) were significantly increased in 
obese females, but not in overweight females, with comparable risk 
estimates in both crude and adjusted models (HR adjusted 1.37 
(1.14–1.64) p = 0.001) (Table 2). 

HRs for retinopathy were significantly increased in females with 
overweight or obesity compared to normal weight individuals, in both 
crude and adjusted models (overweight; HR adjusted 1.15 (1.02–1.29) p 
= 0.024, obesity; HR adjusted 1.30 (1.08–1.56) p = 0.006) (Table 2). 

Nephropathy was rare in this cohort and HRs for micro- or macro
albuminuria only reached statistical significance in underweight females 
(HR adjusted 1.81 (1.03–3.18) p = 0.040) (Table 2). 

Spline plots of estimated HRs of any micro/macroangiopathy with 
increased risk in individuals with BMI above 25 kg/m2 compared to the 
reference of individuals with BMI ≤ 25 kg/m2 are displayed in Supple
mentary Fig. 1. The graphs for risk of nephropathy were U-shaped, with 
increased risk in individuals with BMI both below and above 25 kg/m2 

(Supplementary Fig. 1). See also Kaplan Meier figures showing time to 
diagnosis of different types of angiopathy in different BMI-categories 
(Supplementary Fig. 2), and Cox models, showing associations be
tween different covariates and outcomes (Supplementary Table 1). 

3.3. The modifying role of HbA1c on overweight/obesity-related risks of 
angiopathy 

Compared to females of normal weight, females with overweight had 
significantly increased HRs for any micro/macroangiopathy in HbA1c- 
group 6.9–7.3 % (52–56 mmol/mol) (HR adjusted 1.59 (1.16–2.18p 
= 0.004), and in HbA1c-group ≥ 8.6 % (≥70 mmol/mol) (HR adjusted 
1.60 (1.27–2.01) p < 0.001) (Table 3). In females with obesity, adjusted 
HRs were significantly increased for any micro/macroangiopathy in all 
HbA1c-groups except 6.9–7.3 % (52–56 mmol/mol) (few individuals) 
(Table 3). 

Compared with females of normal weight, overweight was associated 
with significantly increased HRs for retinopathy in crude and adjusted 
models across all HbA1c strata (Table 3). In females with obesity, HRs 
for retinopathy were significantly increased in all HbA1c-strata except 
6.9–7.3 % (52–56 mmol/mol) and 8.0–8.5 % (64–69 mmol/mol) 
(Table 3). 

HRs for nephropathy (i.e., micro- or macroalbuminuria) were 
significantly increased in females with overweight in HbA1c-group 
6.9–7.3 % (52–56 mmol/mol) (HR adjusted 2.24 (1.13–4.43) p =
0.021)), and in HbA1c-group ≥ 8.6 % (≥70 mmol/mol) (HR adjusted 
1.97 (1.17 – 3.35) p = 0.011)) compared to normal weight females. 
Comparable analyses of females with obesity demonstrated significantly 
increased HRs for nephropathy in the HbA1c-group 6.9–7.3 % (52–56 
mmol/mol) in both crude and adjusted models (HR adjusted 3.16 
(1.32–7.55) p = 0.010)) and in the HbA1c-group ≥ 8.6 % (≥70 mmol/ 
mol) (HR adjusted 2.68 (1.50–4.81) p = 0.001)). However, there were 
few females with obesity in the groups with lower HbA1c (Table 3). 

4. Discussion 

This is the first population-based study to examine time-trends in the 
whole distribution of BMI in young females with and without T1D. We 
found a similar increase over time in the distribution of BMI from the 
median percentile and above in both females with and without T1D, 
although females with T1D start from a higher baseline. Also, there has 
been a significant right-shift over time in highest part of the distribution 
i.e., in the 90th percentile compared to the background population. This 
means that the heaviest females with T1D have become even heavier. 
This development is of concern as we demonstrate that overweight and 
obesity increase risks of micro- and macroangiopathy in T1D in a dos
e–response pattern. The risk remains increased also in case of HbA1c 
within the target range and after taking other obesity-related risk factors 
into account. 

In several high-income countries, trends of increasing BMI in the 

Table 2 
Hazard ratios for diabetes angiopathy.  

Exposure Events Event rate 
100person- 
years 

Crude HRs(95% 
CI) 

Adjusted HRs 
(95% CI) 

Any micro/macroangiopathy 
BMI 

underweight 
47 10.5 

(7.5–13.5) 
1.30 (0.96–1.76) 
0.086 

0.99 
(0.70–1.40) 
0.95 

BMI normal 
weight 

1068 9.2 (8.7–9.8) REF REF 

BMI 
overweight 

566 10.6 
(9.8–11.5) 

1.09 (0.98–1.21) 
0.10 

1.09 
(0.97–1.22) 
0.15 

BMI obesity 173 13.2 
(11.3–15.2) 

1.26 (1.07–1.49) 
0.006 

1.37 
(1.14–1.64) 
0.001 

Retinopathy 
BMI 

underweight 
35 6.1 (4.1–8.1) 0.78 (0.56–1.10) 

0.15 
0.67 
(0.45–1.01) 
0.056 

BMI normal 
weight 

991 7.9 (7.4–8.4) REF REF 

BMI 
overweight 

550 9.9 
(9.1–10.7) 

1.17 (1.05–1.30) 
0.003 

1.15 
(1.02–1.29) 
0.024 

BMI obesity 162 12.3 
(10.4–14.1) 

1.46 
(1.24–1.73)<
0.001 

1.30 
(1.08–1.56) 
0.006  

Nephropathy 
BMI 

underweight 
19 3.3 (1.8–4.7) 1.91 (1.20–3.05) 

0.006 
1.81 
(1.03–3.18) 
0.040 

BMI normal 
weight 

283 1.7 (1.5–1.9) REF REF 

BMI 
overweight 

116 1.4 (1.1–1.7) 0.83 (0.67–1.03) 
0.095 

0.85 
(0.67–1.09) 
0.20 

BMI obesity 47 2.0 (1.5–2.6) 1.27 (0.93–1.73) 
0.13 

1.28 
(0.92–1.78) 
0.14  

Microalbuminuria (only NDR) 
BMI 

underweight 
15 2.5 (1.2–3.8) 1.60 (0.95–2.69) 

0.078 
1.70 
(0.92–3.14) 
0.089 

BMI normal 
weight 

270 1.6 (1.4–1.7) REF REF 

BMI 
overweight 

105 1.2 (1.0–1.5) 0.79 (0.63–0.99) 
0.037 

0.79 
(0.61–1.02) 
0.066 

BMI obesity 46 1.9 (1.4–2.5) 1.29 (0.94–1.77) 
0.11 

1.32 
(0.94–1.84) 
0.11  

Macroalbuminuria (only NDR) 
BMI 

underweight 
6 0.9 (0.2–1.6) 3.71 (1.58–8.70) 

0.003 
2.99 
(1.06–8.44) 
0.039 

BMI normal 
weight 

47 0.3 (0.2–0.3) REF REF 

BMI 
overweight 

18 0.2 (0.1–0.3) 0.77 (0.44–1.32) 
0.33 

0.78 
(0.45–1.35) 
0.37 

BMI obesity 10 0.4 (0.1–0.6) 1.50 (0.76–2.99) 
0.24 

1.23 
(0.61–2.49) 
0.57 

Crude (adjusted for year to compensate for BMI trend) and adjusted hazard 
ratios for micro/macroangiopathy in different BMI categories (adjusted for age, 
country of birth, smoking, income, type of treatment (MDI/CSII), dyslipidemia, 
HbA1c-variability). HRs with 95 % confidence intervals (CIs) and p-values. 
Events and events/100 person years. Normal BMI as reference. 
BMI, Body Mass Index; CI, Confidence Interval; CSII, Continuous Subcutaneous 
Insulin Infusion; HbA1c, Glycated Hemoglobin; HR, Hazard Ratio; MDI, Multiple 
Daily Injections; NDR, Swedish National Diabetes Register. 
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Table 3 
Hazard ratios for angiopathy, HbA1c as a modifier.  

Exposure 
BMI 

Modifier 
HbA1c, % (mmol/mol) 

Events Event rate 
100 
person-years 

Crude HRs 
(95% CI) 

Adjusted HRs (95% CI) 

Any micro/macroangiopathy 
Underweight ≤ 6.8 

(≤51) 
5 5.0 (0.6–9.3) 1.18 (0.84–1.65)0.34 0.88 (0.60–1.28)0.51  

6.9–7.3 
(52–56) 

5 10.2 (1.3–19.2) 1.24 (0.76–2.01)0.39 1.15 (0.68–1.94)0.60  

7.4–7.9 
(57–63) 

4 5.4 (0.1–10.7) 1.32 (0.81–2.13)0.26 0.88 (0.53–1.48)0.64  

8.0–8.5 
(64–69) 

5 8.5 (1.0–15.9) 1.43 (0.89–2.31)0.14 1.07 (0.64–1.79)0.80  

≥ 8.6 
(≥70) 

28 16.8 (10.6–23.0) 2.08 (1.40–3.09)<0.001 1.72 (1.11–2.65)0.015 

Normal weight ≤ 6.8 
(≤51) 

94 6.2 (5.0–7.5) REF REF  

6.9–7.3 
(52–56) 

98 7.1 (5.7–8.5) REF REF  

7.4–7.9 
(57–63) 

187 7.7 (6.6–8.8) REF REF  

8.0–8.5 
(64–69) 

181 8.6 (7.3–9.8) REF REF  

≥ 8.6 
(≥70) 

507 12.3 (11.3–13.4) REF REF 

Overweight ≤ 6.8 
(≤51) 

40 8.6 (5.9–11.3) 1.19 (1.00–1.42)0.044 1.19 (0.99–1.43)0.071  

6.9–7.3 
(52–56) 

57 11.6 (8.6–14.6) 1.35 (1.00–1.81)0.050 1.59 (1.16–2.18)0.004  

7.4–7.9 
(57–63) 

95 9.4 (7.5–11.2) 1.19 (0.92–1.54)0.19 1.26 (0.95–1.66)0.11  

8.0–8.5 
(64–69) 

91 9.4 (7.4–11.3) 1.19 (0.92–1.55)0.19 1.23 (0.92–1.64)0.16  

≥ 8.6 
(≥70) 

283 11.9 (10.5–13.3) 1.51 (1.22–1.86)<0.001 1.60 (1.27–2.01)<0.001 

Obesity ≤ 6.8 
(≤51) 

14 14.4 (6.8–21.9) 1.21 (0.96–1.53)0.10 1.41 (1.10–1.80)0.006  

6.9–7.3 
(52–56) 

8 7.7 (2.4–13.0) 1.14 (0.74–1.75)0.55 1.37 (0.87–2.16)0.17  

7.4–7.9 
(57–63) 

34 15.5 (10.3–20.7) 1.71 (1.19–2.47)0.004 2.06 (1.41–3.00)<0.001  

8.0–8.5 
(64–69) 

24 11.0 (6.6–15.5) 1.29 (0.88–1.89)0.19 1.56 (1.04–2.37)0.034  

≥ 8.6 
(≥70) 

93 13.9 (11.1–16.7) 1.69 (1.27–2.24)<0.001 2.09 (1.55–2.82)<0.001  

Retinopathy 
Underweight ≤ 6.8 

(≤51) 
2 1.5 (0.0–3.6) 0.69 (0.48–0.99)0.047 0.60 (0.39–0.92)0.019  

6.9–7.3 
(52–56) 

6 7.8 (1.6–14.0) 0.79 (0.48–1.32)0.37 0.74 (0.42–1.31)0.30  

7.4–7.9 
(57–63) 

2 1.8 (0.0–4.4) 0.61 (0.37–1.01)0.054 0.54 (0.31–0.95)0.034  

8.0–8.5 
(64–69) 

3 3.5 (0.0–7.4) 0.71 (0.43–1.18)0.19 0.70 (0.40–1.24)0.22  

≥ 8.6 
(≥70) 

22 9.7 (5.6–13.7) 1.47 (0.97–2.23)0.068 1.24 (0.76–2.02)0.39 

Normal weight ≤ 6.8 
(≤51) 

84 4.6 (3.6–5.6) REF REF  

6.9–7.3 
(52–56) 

89 5.1 (4.0–6.1) REF REF  

7.4–7.9 
(57–63) 

169 5.8 (4.9–6.6) REF REF  

8.0–8.5 
(64–69) 

168 6.6 (5.6–7.6) REF REF  

≥ 8.6 
(≥70) 

480 9.8 (8.9–10.6) REF REF 

Overweight ≤ 6.8 
(≤51) 

46 8.4 (6.0–10.8) 1.41 (1.18–1.68)<0.001 1.36 (1.12–1.65)0.002  

6.9–7.3 
(52–56) 

50 8.0 (5.8–10.2) 1.38 (1.01–1.89)0.042 1.45 (1.04–2.02)0.029  

7.4–7.9 
(57–63) 

98 7.7 (6.2–9.3) 1.33 (1.03–1.73)0.031 1.36 (1.02–1.80)0.034  

8.0–8.5 
(64–69) 

91 7.9 (6.3–9.6) 1.31 (1.00–1.71)0.048 1.35 (1.00–1.81)0.046 

(continued on next page) 
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general population have stabilized during the last years and stayed at 
high levels, while still accelerating in other parts of the world [34]. We 
found a significant right-shift over time of the upper half of the BMI- 
distribution in both young females with and without T1D, in partic
ular in females with T1D. A similar trend was demonstrated in a small 
Swedish case-control study reporting a larger increase in mean BMI over 
time in adolescent females with T1D (age 16–19) compared to healthy 
controls [35]. Other studies have demonstrated a slightly faster increase 
in mean BMI in females with T1D compared to their counterparts in the 

general population [17]. In addition, a recent Swedish study reported an 
increase in BMI over time in adult females with T1D but included no 
comparison with trends in the general population [18]. 

The obesity epidemic is largely a reflection of a more sedentary 
lifestyle and intake of high energy foods and drink. In T1D, modern 
diabetes management with CSII allows more flexible eating habits. In 
this cohort, females with CSII had a higher mean BMI than females using 
MDI. This finding is in accordance with some [36,37], but not all [38], 
previous publications. With increased awareness of risks of weight gain 

Table 3 (continued ) 

Exposure 
BMI 

Modifier 
HbA1c, % (mmol/mol) 

Events Event rate 
100 
person-years 

Crude HRs 
(95% CI) 

Adjusted HRs (95% CI)  

≥ 8.6 
(≥70) 

262 9.7 (8.5–10.9) 1.65 (1.33–2.04)<0.001 1.66 (1.31–2.11)<0.001 

Obesity ≤ 6.8 
(≤51) 

10 8.3 (3.2–13.5) 1.41 (1.13–1.76)0.003 1.31 (1.03–1.67)0.029  

6.9–7.3 
(52–56) 

6 5.1 (1.0–9.2) 1.20 (0.77–1.85)0.42 1.18 (0.74–1.88)0.50  

7.4–7.9 
(57–63) 

32 11.3 (7.4–15.2) 1.65 (1.16–2.33)0.005 1.66 (1.15–2.39)0.007  

8.0–8.5 
(64–69) 

18 6.8 (3.7–10.0) 1.36 (0.93–2.00)0.11 1.23 (0.81–1.87)0.34  

≥ 8.6 
(≥70) 

96 12.6 (10.1–15.1) 2.23 (1.72–2.89)<0.001 2.08 (1.56–2.77)<0.001  

Nephropathy 
Underweight ≤ 6.8 

(≤51) 
3 2.0 (0.0–4.3) 2.02 (1.20–3.40)0.008 1.69 (0.91–3.16)0.097  

6.9–7.3 
(52–56) 

2 3.7 (0.0–8.7) 2.72 (1.15–6.40)0.022 3.43 (1.28–9.24)0.015  

7.4–7.9 
(57–63) 

3 2.7 (0.0–5.7) 2.48 (1.09–5.65)0.031 3.21 (1.23–8.40)0.017  

8.0–8.5 
(64–69) 

2 2.3 (0.0–5.4) 2.48 (1.07–5.77)0.035 2.25 (0.85–6.00)0.10  

≥ 8.6 
(≥70) 

9 4.5 (1.6–7.5) 4.23 (2.14–8.37)<0.001 4.29 (1.93–9.55)<0.001 

Normal weight ≤ 6.8 
(≤51) 

20 1.0 (0.6–1.4) REF REF  

6.9–7.3 
(52–56) 

23 1.3 (0.7–1.8) REF REF  

7.4–7.9 
(57–63) 

43 1.3 (0.9–1.6) REF REF  

8.0–8.5 
(64–69) 

43 1.4 (1.0–1.8) REF REF  

≥ 8.6 
(≥70) 

153 2.3 (1.9–2.7) REF REF 

Overweight ≤ 6.8 
(≤51) 

6 0.9 (0.2–1.6) 0.81 (0.58–1.13)0.22 0.96 (0.66–1.38)0.81  

6.9–7.3 
(52–56) 

13 1.7 (0.8–2.6) 1.48 (0.79–2.76)0.22 2.24 (1.13–4.43)0.021  

7.4–7.9 
(57–63) 

10 0.6 (0.2–0.9) 0.65 (0.35–1.22)0.18 0.89 (0.45–1.78)0.75  

8.0–8.5 
(64–69) 

16 1.0 (0.5–1.5) 0.98 (0.55–1.75)0.94 1.04 (0.52–2.06)0.91  

≥ 8.6 
(≥70) 

71 2.0 (1.5–2.4) 1.77 (1.14–2.76)0.012 1.97 (1.17–3.35)0.011 

Obesity ≤ 6.8 
(≤51) 

1 0.6 (0.0–1.9) 1.25 (0.84–1.87)0.27 1.39 (0.91–2.13)0.13  

6.9–7.3 
(52–56) 

4 3.2 (0.1–6.4) 2.42 (1.09–5.37)0.029 3.16 (1.32–7.55)0.010  

7.4–7.9 
(57–63) 

6 1.5 (0.3–2.7) 1.58 (0.77–3.24)0.21 2.04 (0.93–4.49)0.075  

8.0–8.5 
(64–69) 

7 1.6 (0.4–2.7) 1.54 (0.77–3.08)0.22 2.07 (0.97–4.44)0.060  

≥ 8.6 
(≥70) 

29 2.4 (1.5–3.2) 2.31 (1.39–3.86)0.001 2.68 (1.50–4.81)0.001 

Crude (adjusted for year to compensate for BMI trend) and adjusted hazard ratios for micro/macroangiopathy in different BMI categories with HbA1c as a modifier 
(adjusted for age, country of birth, smoking, income, type of treatment (MDI/CSII), dyslipidemia, HbA1c-variability). 
HR with 95 % confidence intervals (CIs) and p-values. Events and events/100 person years. Normal BMI (18.5–24.9 kg/m2) as reference. HbA1c presented in NGSP 
units (%) with DCCT units (mmol/mol) in parentheses. 
BMI, Body Mass Index; CI, Confidence Interval; CSII, Continuous Subcutaneous Insulin Infusion; HbA1c, Glycated Hemoglobin; HR, Hazard Ratio; MDI, Multiple Daily 
Injections. 
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and fat accumulation in patients on insulin, it is possible to reach near 
normoglycemia without weight gain regardless of method for insulin 
delivery [39]. 

In line with findings from earlier studies on adults with T1D [40,41], 
our results demonstrate that overweight and obesity increase risk of 
diabetes angiopathy in T1D. The finding of increased obesity-related 
risks even in case of HbA1c within the recommended range, and 
evident already in late childhood and adolescence, expands on previous 
data [42]. In this study we used BMI as a proxy for fat mass, which is 
supported by the strong correlation between BMI and fat mass in women 
with T1D [43]. Increased fat mass is associated with insulin resistance 
which in turn leads to glucotoxicity and lipotoxicity, a state of sub
clinical inflammation and oxidative stress [44,45]. These factors may all 
adversely impact the vascular endothelium and increase risk of micro- 
and macroangiopathy. Insulin resistance is associated with CVD risk 
factors in adolescents with T1D [46], and is associated with both micro- 
and macroangiopathy irrespective of HbA1c [42]. Adolescence and 
young adulthood are critical time periods for the origin of CVD in T1D, 
and already at this stage it is common with subclinical evidence of 
cardiovascular abnormalities [47]. As microangiopathy often precedes 
the development of macroangiopathy and CVD [9], it is important for 
pediatric diabetologists to halt the progress of angiopathy at an early 
stage. Besides striving towards normal body weight, managing insulin 
resistance is one of the key issues in the pursuit to reduce CVD risks in 
females with T1D. Increased physical activity, dietary advice, the use of 
insulin sensitizing drugs and keeping blood glucose levels near normal 
are important measures. Increasing knowledge about the interaction 
between environmental exposures and genes i.e., epigenetics, in the 
development and progression of angiopathy in T1D [45] may open 
possibilities for new therapies in the future. 

4.1. Strengths and limitations 

We used population-based data from several national registries in 
Sweden, thus limiting risk of selection bias. In Sweden, health care is 
publicly funded with equal access to all citizens. Treatment and 
screening strategies for T1D are uniform across the country. We had 
information on several important covariates and confounders and were 
able to compare time-trends in BMI over a decade in females with T1D 
with that of a current reference population. 

BMI-data from the background population was self-reported, and 
individuals might have underreported their weight and overestimated 
their height, resulting in lower reported BMI. However, studies confirm 
that self-reported data on weight and height in young females only differ 
slightly from measured values [48]. In spite of the large sample size, 
power was limited in some of the stratified analyses. 24.3 % of records 
had missing values on any of the study variables. Missing data was 
imputed with forward imputation. Even though we had information on 
several covariates, we cannot rule out the possibility of residual con
founding by unmeasured or unknown factors. 

5. Conclusions 

Overweight and obesity are increasingly common in young females 
with T1D and should be addressed as important risk factors for diabetes 
angiopathy. This is of particular importance in young women with T1D, 
who not only face higher risks of diabetes angiopathy than their male 
counterparts, but who also face excess risks of severe pregnancy com
plications especially in case of overweight/obesity and angiopathy. 
Future guidelines for risk assessment in young females with T1D should 
focus on prevention and treatment of overweight and obesity. 
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