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Not All Type-2-Diabetes Patients Increase
Body Mass Index After Initiating Insulin:
Results of Latent Class Analysis from the DPV Registry
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Abstract

Background: Is insulin initiation linked to increasing body mass index (BMI) in all patients with type-2-
diabetes (T2D)? To determine distinct longitudinal patterns of BMI change over time.
Materials and Methods: 5057 patients with T2D (55% males, median BMI [IQR]: 30.0 [26.9–33.3] kg/m2)
aged ‡40 years at diabetes diagnosis and with ‡2 years of follow-up after insulin initiation irrespective of
previous or concurrent use of metformin/dipeptidyl peptidase-4-inhibitor from the multicenter prospective
diabetes registry DPV were studied. To identify subgroups following a similar pattern of BMI change after
insulin initiation, longitudinal group-based trajectory modeling was applied. Multinomial logistic regression
was then used to analyze covariates associated with group membership.
Results: Three heterogeneous groups with either relevant BMI increase (delta-BMI: +4.0 kg/m2 after 2 years;
12% of patients); slight BMI increase (+0.4 kg/m2; 80%); or BMI decrease (-3.2 kg/m2; 8%) were identified.
Patients with older age [OR (95% CI): 1.37 (1.11–1.69)] and obesity [2.05 (1.65–2.55)] before insulin start were
more often in the BMI decreasing group, and less often in the BMI increasing class [0.80 (0.67–0.95);
0.82 (0.69–0.98)]. A worse HbA1c both at insulin start and during follow-up [1.90 (1.60–2.26); 1.17 (1.07–
1.27)], a higher insulin dose [1.67 (1.33–2.10)], and severe hypoglycemic events [2.38 (1.60–3.53)] after insulin
initiation were all linked with higher odds of belonging to the BMI increasing trajectory.
Conclusions: Patient heterogeneity with respect to weight gain after initiation of insulin therapy in adult T2D
was detected by an objective computer algorithm. Older people with obesity should not defer from insulin use
due to fear of weight gain.
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Introduction

The start of insulin treatment is often linked with
weight gain.1 Therefore, patients with type-2-diabetes

(T2D) being overweight or obese often are reluctant to use
insulin either alone or in combination with other glucose-
lowering medication. Nevertheless, insulin treatment is
recommended by national and international guidelines if in-
dividual treatment target cannot be achieved with lifestyle
management and other glucose-lowering substances, al-
though potential weight gain, risk of hypoglycemia, costs,
and other patient-related preferences should be considered.2,3

Insulin-associated weight gain should be limited in T2D,
where more than 90% of patients are already overweight or
obese. Additional weight gain contributes to further reduc-
tion of insulin sensitivity and in turn increases exogenous
insulin requirements to high doses. The ability to predict
individuals most at risk for insulin-associated weight gain
would be a major clinical benefit not only with respect to
personalize diabetes therapy but also to address patient fear
of additional weight gain and reluctance to initiate insulin—
which in turn increases the risk of diabetes-related compli-
cations at a later time.

A relatively new statistical technique in medical studies to
analyze longitudinal data is group-based trajectory (GBT)
modeling that allows the identification of unique subgroups
of patients, classified according to the pattern of change of
body mass index (BMI) over time. The identified subgroups
can be characterized subsequently.4

The aim of this study was to investigate the heterogeneity
of BMI trajectories (BMI changes) after commencing in-
sulin in a large cohort of adult patients with T2D from
routine care documented in the standardized diabetes pa-
tient follow-up registry, DPV from Germany and Austria. In
addition, we evaluated whether the identified subgroups can
be individually characterized by demographic and insulin-
related parameters.

Materials and Methods

DPV registry

Since 1995, a nationwide initiative for the standard-
ized documentation of routinely assessed demographic and
diabetes-related data from specialized diabetes care centers
exists in Germany. Meanwhile (March 2020), also centers
from other countries like Austria participate and a network of
474 collaborating centers has emerged with a total of 586,895
patients with diabetes documented of all ages. Every half-
year, the locally documented data are transmitted pseudo-
nymized to Ulm University, Germany. After plausibility has
been proven, the data are aggregated into an anonymized
cumulative database, called the diabetes patient follow-up
registry, DPV (www.d-p-v.eu).5 The Ethics Committee of
Ulm University has approved the DPV initiative and the local
Review Boards of each participating center of the pseudo-
nymized data collection.

Study cohort

All patients with T2D aged 40 years or older at diabetes
diagnosis with start of insulin treatment at least 1 year after
diabetes diagnosis were included. Further inclusion criteria

were a minimum follow-up of 2 years with at least one
documented BMI value within the last half-year before in-
sulin start and three or more BMI values during follow-up.
Multiple values were aggregated per patient on the basis of
6-month intervals. To consider potential changes of diabetes
therapy, insulin treatment needed to be documented at a
minimum of three aggregated time-points during follow-up.

Patients with late onset autoimmune diabetes were ex-
cluded, also patients using antidepressive medication and/or
systemic steroids and/or having renal dysfunction (defined as
glomerular filtration rate eGFR <30 mL/min/1.73 m2 and/or
renal dialysis and/or renal transplantation) during the obser-
vation period (half-year before insulin start and up to 2 years
after insulin initiation). Further, patients with any malignant
tumor, bariatric surgery, and/or the use of anticontraceptives
during the observation period were excluded. Any diagnosis
of depression, seizure disorder, and/or schizophrenia during
the individual’s life course was further in the exclusion cri-
teria. To exclude underweight and morbid obesity with
potential to undergo bariatric surgery, patients with a baseline
BMI value £17.5 or >40 kg/m2 were excluded as well. Pa-
tients using oral antidiabetics other than metformin or
dipeptidyl peptidase-4 (DPP-4) inhibitors during the obser-
vation period were precluded from analysis.

The final study cohort comprised 5057 patients.

Variables of interest

To analyze the change of BMI, delta-BMI was calculated as
the difference of BMI at the time-point [i] minus baseline BMI.
Delta-BMI was used as trajectory outcome variable with du-
ration since the start of insulin as underlying time scale.

Demographics such as age at insulin start and sex were
studied in relationship to BMI group membership. Metabolic
control assessed by hemoglobin A1c (HbA1c) and several
insulin-related data were further covariates.

The type of insulin regimen was categorized as (i) basal
supported oral therapy (BOT; basal insulin only) or supple-
mentary insulin therapy (prandial insulin only) or unknown;
(ii) conventional insulin therapy (prandial and basal insulin
combined; 1–3 injection time-points); and (iii) intensified
conventional insulin therapy (ICT; prandial and basal insulin
combined; 4–8 injection time-points) or continuous subcu-
taneous insulin infusion.

Insulin preparations were categorized as long-acting in-
sulin analogs (detemir, glargine U100, glargine U300,
degludec), neutral protamine Hagedorn (NPH) insulin, short-
acting insulin analogs (aspart, faster aspart, glulisine, lispro,
lispro U200), and regular insulin. In addition, total daily in-
sulin dose, basal/prandial insulin dose each per kilogram
body weight, as well as other concomitant glucose-lowering
medication (metformin, DPP-4) were studied.

The frequency of severe hypoglycemia over 2 years of
follow-up was also analyzed. According to the American
Diabetes Association, severe hypoglycemia was defined as
‘‘an event requiring assistance by another person to actively
administer carbohydrates, glucagon, or other resuscitative
actions.’’6

The multiple of the mean method was applied to mathe-
matically standardize center-based HbA1c values to the
Diabetes Control and Complications Trial (4.05%–6.05%
[20.7–42.6 mmol/mol]).7
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Statistical methods

To identify distinct subgroups of patients with comparable
BMI change over time after the initiation of insulin, the GBT
technique based on Nagin was applied.8 This semiparametric
statistical technique assumes that there are heterogeneous
latent clusters within a population and that each patient fol-
lows a unique pattern of BMI change. Contrary to many other
statistical techniques where the number of subgroups has
to be defined ‘‘a priori,’’ the GBT method uses a forward
stepwise process, starting with one group and then adding
further groups to select the model with the optimal number of
subgroups.

To determine the optimal number of unique patterns, the
Bayes information criterion (BIC, the lower the better) was
used and any given subgroup had to include at least ‡5% of
the study population. Model parameters were estimated by
the maximum likelihood technique and identified trajectories
were fitted using quadratic and cubic terms. The method has
been previously used by the DPV group.4

The GBT was additionally applied for both sexes as well as
for different age groups (40 to <50 years at diabetes onset;
‡50 years at diabetes onset) and patients with obesity (BMI
‡30 kg/m2) separately. Moreover, additional separate analy-
ses were carried out for patients on ‘‘basal only insulin,’’
‘‘prandial only insulin’’ and ‘‘basal-bolus insulin therapy.’’

Unadjusted comparisons between groups were performed
applying Kruskal-Wallis or v2-tests. Due to multiple tests per
trajectory class, the step-down Bonferroni procedure (Holm
method) was used to correct P-values. A two-sided P-value
<0.05 was considered significant.

In addition, multinomial logistic regression analyses
were applied to evaluate which covariates are associ-
ated with group membership. A basic model included age
at insulin initiation (£70 years vs. >70 years), sex, BMI
(<30 kg/m2 vs. ‡30 kg/m2), and HbA1c (£7.5% vs. >7.5%)
prior insulin start as covariates. Further covariates within
the first half-year after insulin initiation or during 2 years of
follow-up (severe hypoglycemia) were added, each in a
separate model.

The statistical software package SAS was used for all
analyses with the PROC TRAJ macro for trajectory analysis
(SAS Institute, Inc., Cary, NC).

Results

Baseline characteristics of the study cohort are sum-
marized in Table 1. Insulin was initiated at a median [IQR]
age of 68.7 [62.0; 75.3] years and the median BMI before
insulin start was in the overweight/obese range (30.0 [26.9;
33.3] kg/m2).

Table 1. Description of Entire Study Cohort and Separated by Trajectory Class

All (n = 5057)
BMI decrease

(n = 396)
BMI slight increase

(n = 4029)
BMI increase

(n = 632)

Age at T2D onset, years 55.8 [49.2; 62.7] 56.5 [50.3; 63.5] 55.9 [49.3; 62.7] 54.4 [48.0; 62.5]
Males, % 55.0 49.5 55.5 52.2
Age at insulin start, years 68.7 [62.0; 75.3] 70.5 [63.0; 77.6] 68.8 [62.2; 75.2] 67.4 [59.6; 74.0]a

Prior insulin startb

BMI, kg/m2 30.0 [26.9; 33.3] 31.8 [28.8; 35.0]a 29.9 [26.8; 33.1] 29.4 [26.6; 33.2]
Height, cm 169 [162; 176] 168.0 [161.0; 175.0] 169.0 [162.0; 176.0] 168.5 [162.0; 176.0]
HbA1c, % 7.5 [6.8; 8.5] 7.3 [6.7; 8.4] 7.5 [6.7; 8.4] 8.1 [7.2; 9.5]a

First half-year after insulin startc

BMI, kg/m2 30.1 [27.0; 33.4] 30.4 [27.3; 33.3] 29.9 [26.8; 33.2] 31.0 [27.9; 34.9]
Height, cm 168.0 [162.0; 176.0] 168.0 [162.0; 175.0] 169.0 [162.0; 176.0] 168.0 [161.7; 175.0]
HbA1c, % 7.0 [6.5; 7.7] 6.8 [6.3; 7.5]a 7.0 [6.4; 7.7] 7.2 [6.6; 8.1]a

Total insulin dose, IU/kg$day 0.49 [0.30; 0.74] 0.52 [0.28; 0.74] 0.48 [0.29; 0.72] 0.57 [0.37; 0.82]a

Prandial dose, IU/kg$day 0.33 [0.21; 0.49] 0.32 [0.19; 0.54] 0.33 [0.21; 0.49] 0.37 [0.24; 0.53]a

Basal dose, IU/kg$day 0.26 [0.16; 0.37] 0.27 [0.16; 0.39] 0.26 [0.16; 0.37] 0.27 [0.18; 0.40]
Short-acting insulin analogs, % 44.1 43.6 43.6 47.1
Long-acting insulin analogs, % 43.0 39.2 43.3 43.4
SIT/BOT/unknown, % 40.8 42.9 41.1 37.0
CT, % 18.3 19.7 17.9 19.8
ICT/CSII, % 40.9 37.4 40.9 43.2
Metformin, % 28.5 29.7 28.3 28.8
DPP-4, % 11.6 14.2 11.7 9.3

After 2 years of follow-up
Severe hypoglycemiad, % 2.9 3.3 2.5 5.7a

HbA1ce, % 6.9 [6.4; 7.6] 6.8 [6.1; 7.7] 6.9 [6.4; 7.6] 7.1 [6.5; 7.9]a

Median with quartiles or proportion.
aP < 0.05 for comparison with BMI slight increase group.
bMultiple values 6 months prior insulin initiation were aggregated.
cMultiple values during the first 6 months after insulin initiation were aggregated.
dConsiders all events over 2 years after the start of insulin.
eMultiple values during the last 6 months of the observation period were aggregated.
BMI, body mass index; BOT, basal supported oral therapy; CSII, continuous subcutaneous insulin infusion; CT, conventional insulin

therapy; DPP-4, dipeptidyl peptidase-4; HbA1c, hemoglobin A1c; ICT, intensified conventional insulin therapy; SIT, supplementary insulin
therapy.
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Three distinct trajectories of BMI change

Applying the GBT approach, three distinct groups of BMI
change up to 2 years after the start of insulin irrespective of
metformin/DPP-4 medication were identified (Fig. 1). Group
1 (dashed-dotted line, 7.8% of patients) included subjects
with continuous BMI decrease an average up to -3.2 kg/m2 at
2 years after initiation of insulin. Patients with only slight
BMI increase over the observation period represent group 2
(continuous line, 79.7% of patients), whereas patients with a
relevant BMI increase (average delta-BMI: +4.0 kg/m2 at 2
years after insulin initiation) were included in group 3 (da-
shed line, 12.5% of patients).

Demographic and basic clinical description of each tra-
jectory class and the entire cohort are given in Table 1.

The selection of the optimal number of clusters was based
on BIC and a minimum group size of 5% of the patient co-
hort. Starting from a one-class model, BIC decreased con-
tinuously up to a three-class model (BIC1: 44,219; BIC2:
40,904; BIC3: 38,260). Although a four-class model revealed
an even lower BIC (36,808), the additional criterion of a
sufficient cluster size was no longer be valid. The final BIC of
the fitted model was 38,267.

Which demographic and clinical features
are related to group membership?

Multinomial logistic regression indicated in a basic
model (ref. group: slight BMI increase trajectory), age at
start of insulin, BMI, and HbA1c before insulin start as
relevant covariates associated with group membership;
whereas for sex, no significant relationship could be ob-
served (Fig. 2). A worse HbA1c above the recommended
target before insulin start was related with a higher odds of
belonging to the BMI increasing trajectory, whereas older
age and a BMI at baseline in the obese range were linked
with lower odds. By contrast, older age and particularly a
BMI in the obese range before insulin start were both as-
sociated with a higher odds of belonging to the BMI de-
creasing class.

Regarding the covariates during follow-up, increasing
HbA1c or total daily insulin dose within the first half-year
after insulin start were both related with a higher odds of
belonging to the BMI increasing trajectory. Moreover, a
higher HbA1c at the end of the observation period and the
presence of severe hypoglycemia within the first 2 years after
insulin start were linked with higher odds. By contrast, a
higher HbA1c during the first half-year after insulin initiation
was related to a lower odds of belonging to the BMI de-
creasing class.

For all other covariates (i.e., type of insulin regimen, in-
sulin preparation, basal or prandial insulin dose and metfor-
min/DPP-4 use), no clinically relevant association with group
membership could be identified (data not shown).

Stratified trajectory analyses by sex, age group,
and obesity status

Applying the GBT approach separately to specific age
groups (40 to <50 and ‡50 years at diabetes onset), for both
sexes or solely for patients with obesity (BMI ‡30 kg/m2),
revealed again three heterogenous trajectories with very
similar developmental curves of delta-BMI after insulin ini-
tiation. Respective proportions were similar to the overall
cohort, where the majority of patients belong to the slightly
BMI increasing class (Table 2). The extent of average BMI
increase/decrease at 2 years after insulin initiation is sum-
marized for the stratified analyses in Table 2.

Trajectory analysis in a group of patients
with insulin therapy only

The GBT approach was also applied in patients (n = 2767)
who received no oral antihyperglycemic therapy in addition
to insulin during the observation period. Again, three heter-
ogenous clusters of BMI change after the start of insulin
therapy were identified with very similar patterns to the initial
study cohort (Supplementary Fig. S1). Group sizes as well as
the average BMI decrease/increase at 2 years after insulin
initiation were also comparable to the initial study cohort.

FIG. 1. (A) Delta-BMI trajectory (95% CI) and (B) three distinct delta-BMI trajectories of 5057 patients with type 2
diabetes over 2 years after starting insulin therapy irrespective of metformin and/or DPP-4 inhibitor use. Delta-BMI was
calculated as aggregated BMI at respective time-point minus baseline BMI. (A) Continuous line (100% of patients);
(B) dashed line (12.5%); continuous line (79.7%), dash-dotted line (7.8%). Gray dotted lines represent the 95% confidence
interval. BMI, body mass index; DPP-4, dipeptidyl peptidase-4.
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Trajectory analyses in groups of patients with basal
insulin only, prandial insulin only, or basal-bolus
insulin therapy

Applying the GBT technique in patients on basal only
insulin (n = 1460), prandial only insulin (n = 976) or basal-
bolus insulin therapy (n = 4036) revealed in all three cohorts
again three heterogeneous subgroups of patients with similar
BMI change over time compared to the initial study cohort.
However, the extent of BMI change differed depending on
the type of cohort. As expected, patients on ‘‘basal only in-
sulin’’ experienced the lowest BMI increase compared to
patients on ‘‘prandial insulin only’’ with overall the greatest
BMI increase (Table 2).

Discussion

To the best of our knowledge, this study is the first revealing
three distinct groups of heterogenous delta-BMI trajectories in
patients with T2D after the start of insulin irrespective of con-
comitant metformin/DPP-4 use. Contrary to the commonly
assumed homogeneous BMI increase with insulin initiation,
nearly 80% of patients experienced only a slight BMI increase
up to 2 years after insulin start. Nevertheless, two smaller outlier
groups exist with either considerable BMI increase or with BMI
decrease. Being of younger age, nonobese and having a worse
metabolic control at insulin start as well as increasing HbA1c,
higher initial insulin dose, and severe hypoglycemic events
during insulin use were all related with clear BMI increase.

Table 2. Group Sizes and Average Delta-Body Mass Index at 2 Years

After Insulin Start of Various Additional Analyses

Additional analysis

BMI decrease BMI slight increase BMI increase

% DBMI2 years % DBMI2 years % DBMI2 years

By age group at diabetes diagnosis
40 to <50 years 9.9 -2.62 (-2.89 to -2.33) 76.5 +0.65 (+0.57 to +0.72) 13.6 +4.34 (+4.14 to +4.54)
‡50 years 7.4 -3.51 (-3.69 to -3.33) 80.1 +0.31 (+0.26 to +0.36) 12.6 +3.91 (+3.78 to +4.05)

By sex
Females 8.0 -3.41 (-3.64 to -3.19) 80.0 +0.38 (+0.32 to +0.44) 11.9 +4.45 (+4.27 to +4.63)
Males 8.4 -3.06 (-3.26 to -2.86) 77.9 +0.43 (+0.38 to +0.49) 13.7 +3.74 (+3.60 to +3.88)

By obesity status
BMI ‡30 kg/m2 9.0 -3.89 (-4.08 to -3.69) 79.6 +0.35 (+0.29 to +0.42) 11.4 +4.20 (+4.01 to +4.39)

By insulin therapy
Basal only 8.6 -2.85 (-3.12 to -2.59) 76.6 +0.23 (+0.15 to +0.31) 14.8 +3.40 (+3.21 to +3.60)
Prandial only 10.4 -2.98 (-3.32 to -2.64) 82.5 +0.58 (+0.47 to +0.69) 7.0 +5.46 (+4.99 to +5.93)
Basal-bolus 7.7 -3.34 (-3.51 to -3.17) 77.6 +0.38 (+0.33 to +0.43) 14.8 +3.75 (+3.63 to +3.87)

Data are given as proportion or mean with 95% CI. DBMI2 years represents the average BMI increase/decrease at 2 years after insulin
initiation.

FIG. 2. Covariates related with group membership for (A) the BMI decreasing and (B) the BMI increasing group versus
the BMI slightly increasing group at different time-points prior and after insulin start irrespective of metformin/DPP-4
inhibitor use. Odds ratios with 95% CI were estimated from multinomial logistic regression models, including different sets
of covariates. For continuous variables, data are given per one unit increase of covariate. A basic model included sex, age at
insulin start (£70 years vs. >70 years), BMI (<30 kg/m2 vs. ‡30 kg/m2), and HbA1c (£7.5% vs. >7.5%) prior insulin start as
covariates. All other variables were added each in a separate model. #Multiple values 6 months prior insulin initiation were
aggregated; {multiple values during the first 6 months after insulin initiation were aggregated; {considers all events over 2
years after the start of insulin.
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The widely reported insulin-associated weight gain up to
3 to 9 kg in the first year of initiating insulin in T2D by
different randomized controlled trials and reviews1,9–11 has
been only partly observed in our analysis of real-world ob-
servational data.

This might be related to several points: first, in randomized
controlled trials, highly selected, predefined, small study
populations, including rather younger patients with less se-
vere overweight or obesity, are usually considered that are
not necessarily representative for typical patients in clinical
care. Discrepancies to real-world settings indicating weaker
associations between insulin use and weight gain were
thereby previously reported.12

Second, subjects with interacting medications (e.g., spe-
cific oral antidiabetic drugs and antidepressive medication),
bariatric procedures, psychiatric comorbidities, or other se-
vere disorders that have the potential to influence weight
were precluded from our analysis. In clinical care, the im-
pression of insulin-related weight gain might be colored by
such interactions that overlap with insulin use and are falsely
interpreted as weight gain due to insulin.

Nevertheless, there exist a small group of subjects (*8%
in our study) experiencing a tremendous BMI increase on
average of +4 kg/m2 at 2 years after initiating insulin that is
mainly characterized by younger age at insulin start (£70
years), BMI below 30 kg/m2, and worse metabolic control
before insulin initiation. Further, higher HbA1c and higher
daily insulin dose within the first half-year and the presence
of severe hypoglycemic events during insulin therapy were
covariates associated with clear BMI increase.

This is well in line with previous reports on real-world data
indicating an independent prediction of weight gain in T2D
by higher insulin dose, a high baseline HbA1c and a low
baseline BMI.13,14 Moreover, the presence and fear of severe
hypoglycemia might increase energy intake by irregular
snacks containing mainly simple carbohydrates and by in-
ducing hunger, which is often compensated by high-fat, high-
calorie, and high-sugar foods that in turn contribute to a
higher weight gain during insulin therapy.

The relationship between a low baseline BMI and weight
gain may be in contrast to some clinical perceptions of
uncontrolled weight gain in patients with severe obesity
after insulin initiation. However, even the opposite seems
to be true. There exists a group of patients (*13% in our
study) that are able to reduce their BMI despite insulin
initiation. Being obese before the start of insulin was re-
lated with a higher odd of belonging to the BMI decreasing
class.

A longitudinal cross-sectional U.S. study categorized
144,857 patients with T2D by their initial BMI level and
reported also less body weight increase in subjects with
obesity compared to patients with normal-weight or over-
weight over 2 years of insulin treatment.14 Subjects with a
BMI >40 kg/m2 even lost weight of up to -2.2 kg.14 Paul et al.
used simple, a priori grouping of patients by their initial BMI
and analyzed the BMI change cross-sectionally. By contrast,
our statistical GBT approach defines subgroups of patients
longitudinally by their individual BMI change after initiating
insulin, which is also different to other clustering techniques
like k-means.15

Altogether, our data and those of previous observa-
tional studies13,14 provide reassurance to caregivers

and patients to timely start insulin even if the patient is
obese and having weight concerns to prevent long-term
diabetes-related complications.

Another factor related to BMI decrease commencing in-
sulin seems to be an older age at insulin initiation (>70 years).
With increasing age, natural physiological changes like ap-
petite loss, altered sense of taste and smell, also dysphagia,
and reduced food diversity and social environmental cir-
cumstances are factors increasing the risk for frailty and
sarcopenia.16 Reduced physical activity in the elderly also
contributes to reduction in lean body mass. Paired with
chronic disorders, weight loss is often common in the elderly
and might partially explain our finding. However, similar
delta-BMI trajectories could be observed in our age-stratified
analysis for patients aged 40 to <50 years at insulin start, with
the exception of a higher average BMI decrease at 2 years of
follow-up in the older age group (‡50 years; Table 2).

Another potential explanation for the BMI decrease
during insulin therapy, particularly in patients with obesity,
might be an increased motivation to maintain or lose weight,
which is part of standard counseling in T2D. We regret
that we could not control for active participation in con-
ventional weight loss interventions (diet plus exercise) or
different lifestyle attempts. With such programs, a BMI re-
duction of -1.6 kg/m2 within 1 year has been reported in
a meta-analysis.17

In addition, in unadjusted comparisons, although not sta-
tistically significant, the BMI decreasing group used met-
formin more often. The use of metformin is reported to be
weight neutral or even linked with weight reduction in clin-
ical trials.3 Moreover, there is some clinical evidence that
adding metformin to an existing stable insulin regimen might
prevent insulin-associated weight gain.18

Nearly 80% and thereby the majority of our patients with
T2D had only a slight BMI increase within the first 2 years of
insulin therapy. This contrasts with findings mostly from
randomized controlled trials reporting often dramatic BMI/-
weight increase after commencing insulin use, especially
within the first 3 years.1,9–11,19

Large, observational studies on the effect of insulin on
BMI/weight are still rare. A part of the observed slight BMI
increase in our study might be explained by weight loss be-
fore insulin therapy14,19 due to inadequate metabolic control,
insulin deficiency, and glycosuria. In a small sample of 58
patients with T2D, Larger et al. observed weight loss before
diabetes diagnosis that continued until insulin start.19 Fur-
ther, the authors stated that the weight patients gained while
using insulin is highly correlated with their maximal weight
before diagnosis indicating, at least in part, a physiological
control of body weight.19

Moreover, BMI fluctuations over time exist. For example
for Germany, the Augsburg MONICA (MONItoring of
trends and determinants in CArdiovascular disease) surveys
report, for the general population, a BMI change over 5 years
in the range of +0.1 to +0.7 kg/m2.20 In a Canadian study
among 3070 middle-aged and elderly people a slight, con-
tinuous BMI increase with time of 2.6 kg/m2 within 10 years
was observed.21

Commonly, the initial insulin regimen in adult T2D is the
BOT, due to simplicity and overall good patient accep-
tance.2,3 However, on the long-term, ICT is most com-
mon.3,22 The type of insulin regimen seems to play a role as
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simpler insulin regimens with biphasic or premixed insulins
were associated with less weight gain compared to basal-
prandial insulin regimens in some randomized controlled
trials,23,24 although the results are heterogeneous.9 Moreover,
not all insulin preparations equally affect body weight. For
instance, the long-acting insulin analog detemir is linked to
lesser weight gain compared to NPH or insulin glargine, with
greatest effects in patients with obesity.9,25

In our observational data, such associations could only be
partly observed. In line with the noninterventional CREDIT
study (Cardiovascular Risk Evaluation in people with type 2
Diabetes on Insulin Therapy) that evaluated body weight
change after 1 year of any insulin treatment among 2179
patients with T2D from 12 countries, insulin regimen was not
a predictive factor in multivariable regression analysis.13

A major strength of our large, real-world observational,
longitudinal study is that we can provide information on how
insulin affects BMI in ‘‘real-life’’ instead of head-to-head
comparisons between drugs in clinical trials. Nevertheless, the
post hoc analysis of electronically recorded health data from
routine clinical care sometimes implies several challenges as
different interactions on the clinical and also social level are
present and data completeness could not be guaranteed.

For example, to not bias the effect of insulin on BMI, we
had to exclude patients with other oral antidiabetic medica-
tion due to their known effect on weight (either weight loss or
weight gain). However, to consider the current treatment
recommendations of combining (basal) insulin with oral
antidiabetic medication, we included patients using metfor-
min and DPP-4 inhibitors as they are assumed to be nearly
weight neutral.3

Data on a longer time period and other relevant covariates
such as psychiatric comorbidities or diabetes-related dis-
tress9,10 that influence weight are needed to substantiate our
results. In real-world settings, the interaction of different
covariates (e.g., family situation, socioeconomics, mental
health, and drug interactions) may sometimes limit the
analysis of the true effect of insulin on BMI change.

Overall, post hoc observational analyses do not provide the
same evidence as primary prespecified analyses. For exam-
ple, observed statistical relationships may indicate cause and
effect, but this is misleading, as in post hoc analysis, we
cannot say whether the observed finding is a consequence or a
cause of the result. Moreover, differences observed between
subgroups can be a simple coincidence.

Keeping this in mind, results of post hoc analyses should
be interpreted with caution and sufficient justification.
However, they can help to generate scientific hypotheses or
trends that can be then studied in randomized clinical trials.

Conclusion

Our data from routine clinical care considering individual
BMI changes within the first 2 years after initiating insulin
could help to close key knowledge gaps and underline that
general fear and delay of insulin initiation due to weight
concerns is exaggerated, particularly in subjects with obesity
before insulin start. The slight insulin-associated BMI in-
crease observed in the majority of subjects might be mini-
mized by structured lifestyle advice.

Nonetheless, clinicians should put a special focus on pa-
tients most at risk for BMI increase starting insulin therapy:

younger age (<70 years), normal weight or overweight prior
insulin initiation, worse metabolic control both prior and
during insulin use, as well as the presence of severe hypo-
glycemic events.
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