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Abstract
Aims: The aim of this study was to explore the effect of insulin treatment initiation on 
weight by taking weight change prior to initiation into account.
Materials and methods: We performed an observational retrospective inception co-
hort study, concerning Dutch primary care. We identified all patients that initiated in-
sulin treatment (n = 7967) and individually matched patients with a reference patient 
(n =	5213	pairs).	We	obtained	estimated	mean	weight	changes	in	the	five	years	prior	
to five years post insulin therapy. We applied linear regression analysis on weight 
change in the first year after insulin therapy (T0 to T+1), with matched group as pri-
mary determinant adjusted for pre-insulin weight change and additional covariates.
Results: Estimated mean weight increased in the five consecutive years prior to in-
sulin	therapy	(−0.23	kg	in	year	T-5	to	T-4,	0.01	kg	in	year	T-4	to	T-3,	0.07	kg	in	year	
T-3	to	T-2,	0.24	kg	in	year	T-2	to	T-1,	and	0.46	kg	in	year	T-1	to	T0)	and	continued	to	
increase in the first year after, that is T0 to T+1,	at	a	slightly	lower	rate	(0.31	±	3.9	kg).	
Pre-insulin weight change had the highest explained variance and was inversely and 
independently associated with weight change (p < .001). Starting insulin was asso-
ciated with weight increase, independent of pre-insulin weight change (β-adjusted 
1.228, p < .001). Stratification revealed that despite having a more or less similar 
baseline BMI, patients with substantial weight increase showed higher estimated 
mean BMI’s followed by weight loss pre-insulin. In matched references, estimated 
mean weight changes were negative in all years concerning the study period, indicat-
ing consistent weight loss.
Conclusions: Initiation of insulin therapy was independently associated with weight 
increase; however, overall effect on weight was small and subject to substantial varia-
tion. Pre-insulin weight change is identified as a relatively strong inverse determinant 
of weight change after insulin initiation.
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1  | INTRODUC TION

When dietary measures and oral glucose lowering drugs (OGLDs) fail 
to sufficiently correct glucose dysregulation, most treatment guide-
lines for type 2 diabetes (T2DM) advise to start or add either an in-
jectable glucagon-like peptide-1 analogue or insulin therapy.1 Insulin 
is widely known and used for its glucose lowering effects, but also is 
an anabolic hormone affecting lipid and protein metabolism.2,3

Several reports claim that insulin therapy is associated with 
weight gain.4 Moreover, the mechanisms behind weight changes 
after initiation of insulin therapy are multifaceted and not completely 
understood.2 Observational studies on the initiation of insulin ther-
apy in patients with T2DM have shown considerable variations in 
weight gain between patients,5-14 which raises the question whether 
and to what part weight gain is attributable to insulin, and whether 
and to what part weight gain is attributable to other characteristics.

Some differences in weight gain between insulin regimens and 
types were reported,6,9,12,13 but also large standard deviations dwarf-
ing these differences.9 Studies have unanimously reported an inverse 
association of baseline BMI with weight change after initiation.6,8,10-14 
Results	 on	 baseline	 HbA1c	 vary	 from	 not	 significantly7,13 to signifi-
cantly6,8,12 associated with weight change. Other reported variables 
include	HbA1c	change,	 limited	to	the	first	nine	months10 or the first 
year6	after	initiation,	and	insulin	dose	and	HbA1c	at	follow-up.6

No	strong	baseline	determinants	have	been	found.10,13 The perfor-
mance of prediction models increased when variables gathered after 
the decision to start insulin therapy were included.6,15 Few studies in-
cluded weight change prior to the initiation of insulin therapy.9,16,17 To 
the best of our knowledge, there are currently no large observational 
intervention studies, specifically studying long-term information on 
body weight prior to the initiation of insulin therapy in primary care.

We therefore explored the effect of initiation of insulin therapy 
on body weight by taking weight change prior to initiation into ac-
count, using the available data of the Zwolle Outpatient Diabetes 
project	Integrating	Available	Care	(ZODIAC)	cohort.

2  | MATERIAL S AND METHODS

2.1 | Setting and participants

This	study	is	part	of	the	studies	in	the	ZODIAC	project,	performed	in	
a	prospective	primary	care	T2DM	patient	cohort	in	the	Netherlands,	
initiated in 1998 for benchmarking purposes.18 Exclusion crite-
ria were insufficient cognitive capabilities or a very short life ex-
pectancy, based on the judgement of the general practitioners. 
More than 99.5% of patients also consented with the use of their 
anonymized data for research purposes. Patients included in the 
ZODIAC	cohort	were	diagnosed	with	T2DM	and	treated	in	primary	
care, according to national guidelines, that is the Dutch College of 
General	 Practitioner	 Guideline	 (Dutch:	 NHG-Standaard).19 The 
ZODIAC	 project	 was	 approved	 by	 the	 Ethics	 Committee	 of	 Isala,	
Zwolle	(references	03.0316	and	07.0335).

2.2 | Study design

Using	the	available	data	in	the	ZODIAC	database	of	the	years	1998	
to 2014, we performed a retrospective observational interven-
tion study on the effects of the initiation of insulin treatment on 
body weight, by means of a new user design/ inception cohort.20 
Figure S1 schematically shows the selection of patients and data for 
this	 study.	Of	all	ZODIAC	participants,	we	 identified	patients	 that	
started insulin therapy. Besides extracting data at T0, which is the 
first registered insulin use signal defined as index time point, we also 
extracted data of the 5 years prior to T0 and the 5 years after T0.

In	addition,	a	matched	reference	group	of	ZODIAC	participants	
who did not start insulin therapy during the study period was se-
lected. Insulin users were individually matched with a referent T2DM 
patient based on sex, age (±1 year), diabetes duration (±1 year) and 
BMI-field (±0.5 kg/m2) at T0 in a 1:1 ratio.

2.3 | Data sources and measurement

A	data	set	of	quality	indicators	on	T2DM	care	was	collected	annu-
ally by general practices. This core data set included patient demo-
graphics, laboratory results, medication use, lifestyle and variables 
collected through physical examination.

HbA1c	 and	 lipid	 profile	were	 determined	 using	 standard	 labo-
ratory	procedures.	For	this	study,	HbA1c	measurement	units	were	
aligned	 to	 allow	 proper	 comparison.	 HbA1c	 measured	 in	 DCCT/	
NGSP	units	 (%)	was	converted	to	 IFCC	units	 (mmol/mol)	using	the	
following	formula:	HbA1c	mmol/mol	=	(10.93	*	HbA1c	%)	–	23.5.21 
HbA1c	was	measured	to	 the	nearest	mmol/mol.	Weight	was	mea-
sured to the nearest kilogram (kg). In the case of a missing BMI-field, 
BMI (kg/m2) was calculated from weight and height recordings. 
Lifestyle factors were self-reported. Physical activity was consid-
ered adequate when reported as being performed at least five times 
a week with a duration of thirty minutes. Clinically unlikely data 
points were excluded from analysis, as described in Table S1.

T2DM treatment was categorized into four main groups: 1] 
diet	alone,	2]	OGLDs,	3]	 insulin	and	4)	combination	of	OGLDs	and	
insulin. Based on Barnett et al22 insulin regimens were categorized 
into five groups: 1] short-acting insulin and rapid-acting insulin ana-
logues,	2]	premixed	types	(short-	and	intermediate-acting),	3]	basal	
insulin	 (long-acting),	 4]	Neutral	Protamine	Hagedorn	 (NPH)	 insulin	
(intermediate-acting) and 5] combinations.

2.4 | Outcomes, exposure and covariates

2.4.1 | Outcomes

Primary outcomes were 1] the longitudinal course of weight change 
concerning the time period T-5 to T+5, and 2] weight change in the 
first year after index/ insulin registration (T0 to T+1) specifically. 
Weight change in kg per year was calculated by subtracting weight 
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measured	in	consecutive	years	(new	weight	–	old	weight)23; hence, a 
positive value indicates weight gain.

The longitudinal course of estimated means with 95% confidence 
intervals (95%CIs) of weight change concerning the time period T-5 
to T+5 was visualized, in order to explore changes before and after 
insulin therapy initiation. Weight change in the first year after index 
was the primary outcome concerning regression analysis.

2.4.2 | Exposure

The exposure of interest was initiation of insulin treatment, which 
was	represented	by	the	insulin	subgroup.	Non-exposure	was	repre-
sented by the matched references.

2.4.3 | Covariates

Pre-insulin weight change was studied as main covariate. For this 
purpose, several measures of weight change concerning the time 
periods	 T-3	 to	 T0,	 T-2	 to	 T0	 and	 T-1	 to	 T0	 were	 studied.	 Both	
weight changes in the pre-insulin time periods (eg T0 minus T-2) 
and averaged weight changes of consecutive years within the time 
periods (eg T-1 minus T-2, and T0 minus T-1, divided by 2) were 
calculated.

Additional	 potential	 covariates	 included	 baseline	 weight	 and	
HbA1c,6,8,12	 (changes	 in)	 HbA1c,6,10 metformin and sulphonylurea 
use,1 lipid lowering drug use, diuretic drug use,24 and physical activ-
ity,25	and	HbA1c	at	T+1.6

2.5 | Stratified analysis

Longitudinal courses were stratified by weight change category in 
the first year after index. Weight change was categorized into three 
categories:	1]	substantial	weight	gain	 (≥5	kg),6 2] moderate weight 
gain (1 to <	5	kg)	and	3]	weight	gain	less	than	1	kg,	that	is	either	mild	
gain, no change or weight loss.

2.6 | Statistical methods

Analysis	sets	were	as	follows:	The	full	analysis	set	(FAS),	containing	
all patients identified to have started insulin therapy in the study 
period. The intention-to-treat (ITT) analysis set, containing all pa-
tients with available weight change data in the first year after index, 
whether or not they continued insulin therapy.6,13 The per-protocol 
(PP) analysis set, containing patients with available weight change 
data that continued insulin therapy at T+1. Patients were included in 
the PP analysis set whether or not they changed to a different insulin 
regime. Finally, patients with available weight change data without 
insulin use at T+1 were indicated as those that used insulin for less 
than one year (U < 1y).

Categorical data were presented by n (%), and quantitative vari-
ables were presented by mean with standard deviation (SD) or me-
dian	(Q1	-	Q3)	depending	on	the	distribution.

Estimated means with 95%CIs of weight change, weight, BMI 
and	HbA1c	were	obtained	through	linear	mixed	model	analyses	for	
repeated measures which allows for extrapolation of missing val-
ues.16	Weight	change,	weight,	HbA1c	and	BMI	were	dependent	vari-
ables,	and	time	was	a	fixed	factor.	Akaike's	information	criterion	was	
used to select covariance structures.

We performed linear regression analysis to assess the effect of 
initiation of insulin treatment on weight change, relative to matched 
references. The dependent variable was weight change (kg) in the first 
year after index, and matched study group, pre-insulin weight change 
and additional covariates were studied as independent variables.

We performed sensitivity analysis concerning weight change in the 
year prior to index. This was added due to the fact that insulin therapy 
was initiated in the time period T-1 to T0, but inherent to a new users 
design the exact timing of insulin initiation could not be identified.20

Analyses	 were	 performed	 using	 RStudio	 version	 1.1.442,	
MedCalc	version	19.0.5	and	SPSS	version	26.	A	2-tailed	p-value	0.05	
was used to indicate statistical significance.

3  | RESULTS

3.1 | Participants

We identified n = 7967 patients that started insulin therapy dur-
ing	the	study	period.	None	of	 the	patients	used	 insulin	before	T0.	
For n =	 5213	 patients	 that	 started	 insulin	 therapy	 an	 individually	
matched reference patient was available. Table 1 shows patient 
characteristics	for	the	FAS	of	both	the	complete	insulin	group	and	
the matched groups.

At	T0,	 30.4%	used	 insulin	 only	 and	 69.6%	used	 a	 combination	 of	
insulin with OGLDs. Of all patients, n = 7022 (88.1%) used one type 
of insulin formulation, that is n =	296	(3.7%)	used	short-acting	 insulin,	
n =	2734	(34.3%)	used	premix	insulin,	n =	2584	(32.4%)	used	basal	insu-
lin, n =	1408	(17.7%)	used	NPH	insulin,	and	n = 945 (11.9%) used a combi-
nation	of	insulin	types.	Mean	HbA1c	was	58.5	(±11.2) mmol/mol. Mean 
BMI	was	30.3	(±5.3)	kg/m2,	and	48.6%	of	patients	had	a	BMI	of	30	kg/
m2 or higher, indicating that almost half of the study group was obese.

The insulin subgroup and matched reference group were compa-
rable regarding sex, age, diabetes duration and BMI. These groups 
were	different	 regarding	HbA1c,	 as	HbA1c	 is	 a	main	driver	of	 the	
decision	 to	 start	 insulin	 therapy.	 Mean	 HbA1c	 was	 58.4	 (±11.2) 
mmol/mol for the insulin subgroup and 48.9 (±8.5) mmol/mol for the 
matched references, resulting in a mean difference of 9.5 mmol/mol.

3.2 | Analysis sets

Weight change data in the first year after index were available for 
n = 5086 patients (ITT analysis set), of which n = 4291 patients also 
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TA B L E  1   Patient characteristics

All patients (n = 7967)

Matched groups

Insulin subgroup (n = 5213) Reference group (n = 5213)

N Summary statistics N Summary statistics N
Summary 
statistics

Demographics

Age	(years) 7966 68.8 (±11.7) 5213 68.4 (±10.7) 5213 68.4 (±10.7)

Sex (men) 7967 3730	(46.8%) 5213 2564 (49.2%) 5213 2564 (49.2%)

Age	at	diagnosis	(years) 7842 58.6 (±11.6) 5213 59.9 (±10.3) 5213 60.0 (±10.3)

Diabetes duration (years) 7842 9	(6–13) 5213 8.4 (±4.3) 5213 8.4 (±4.3)

Medication

Main treatment group

Diet 7967 0 (0.0%) 5213 0 (0.0%) 5213 2103	(40.3%)

OGLD 0 (0.0%) 0 (0.0%) 3110	(59.7%)

OGLD and insulin 5542 (69.6%) 3766	(72.2%) 0 (0.0%)

Insulin only 2425	(30.4%) 1447 (27.8%) 0 (0.0%)

Insulin number

1 7967 7022 (88.1%) 5213 461 (89.4%) 5213 0 (0.0%)

2	or	3 945 (11.9%) 552 (10.6%) 0 (0.0%)

Insulin types (not exclusive)

Short-acting 7967 1173	(14.7%) 5213 715	(13.7%) 5213 0 (0.0%)

Premixed 2871	(36.0%) 1574	(30.2%) 0 (0.0%)

Basal 3225	(40.5%) 2390	(45.8%) 0 (0.0%)

NPH 1651 (20.7%) 1089 (20.9%) 0 (0.0%)

OGLD number

0 7967 2425	(30.4%) 5213 1447 (27.8%) 5213 1738	(33.3%)

1 3439	(43.2%) 2265	(43.4%) 1298 (24.9%)

2	or	3 2103	(26.4%) 1501 (28.8%) 1361	(26.1%)

OGLD types (not exclusive)

Metformin 7967 4838	(60.7%) 5213 3278	(62.9%) 5213 2598 (49.8%)

Sulphonylureas 7967 2697	(33.9%) 5213 1906	(36.6%) 5213 1711	(32.8%)

Thiazolidinediones 7967 61 (0.8%) 5213 42 (0.8%) 5213 122	(2.3%)

Repaglinide 7967 5 (0.1%) 5213 1 (0.0%) 5213 1 (0.0%)

DDP4 inhibitors 7967 81 (1.0%) 5213 70	(1.3%) 5213 83	(1.6%)

GLP-1 receptor agonists 7967 16 (0.2%) 5213 10 (0.2%) 5213 8 (0.2%)

Lipid lowering drugs 7967 4737	(59.5%) 5213 3249	(62.3%) 5213 2689 (51.6%)

Diuretics 7967 2689	(33.8%) 5213 1672	(32.1%) 5213 1388	(26.6%)

Physical examination

Height (m) 7515 170 (±10.1) 5118 170.5 (±9.8) 5049 170.1 (±9.9)

Weight (kg)

Mean 7593 87.7 (±17) 5208 86.6 (±15.1) 5203 86.2 (±15.1)

Median 86	(76–97) 85	(75–96) 85	(75–96)

BMI (kg/m2)

Mean 7431 30.3	(±5.3) 5213 29.7 (±4.4) 5213 29.7 (±4.4)

Median 29.8	(26.7–33.2) 29.4	(26.6–32.4) 29.4 
(26.6–32.4)

SBP (mmHg) 7813 139.2	(±17.7) 5178 138.5	(±17.0) 5168 139.1	(±17.2)

(Continues)
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used insulin at T+1 (PP analysis set). N = 459 patients changed insulin 
regimen. N = 795 patients did not use insulin at T+1 (U < 1y analysis 
set). Patients included and not included in the ITT analysis set did not 
differ materially (Table S2).

Availability	 of	 weight	 change	 data	 differed	 for	 the	 matched	
groups. These were available for n =	3433	and	n =	3511	patients	of	
the insulin subgroup (ITT-insulin set) and matched references (ITT-
reference set), respectively. Weight change data were available for 
n = 2812 matched pairs, referred to as the ITT-matched analysis set. 
Of these, the insulin subgroup of n =	2349	matched	pairs	still	used	
insulin at T+1, referred to as the PP-matched analysis set.

3.3 | Longitudinal courses

Figure 1 shows estimated means with 95%CIs of weight change, 
weight,	BMI	and	HbA1c	in	time	period	T-5	to	T+5, for both the com-
plete insulin group and the matched groups.

Concerning the ITT analysis set, estimated mean weight changes 
in	the	years	further	than	three	years	prior	to	index	were	−0.23	kg	
(T-5	 to	T-4)	 and	0.01	kg	 (T-4	 to	T-3),	 indicating	mean	weight	 loss	
and no/ minor weight gain, respectively. In the three years prior to 
index,	weight	change	increased	slightly	from	0.07	kg	(T-3	to	T-2)	and	
0.24 kg (T-2 to T-1) to 0.46 kg (T-1 to T0), indicating mean weight 
gain. Mean weight gain was also present in the first year after index, 
but	at	a	lower	rate	with	a	weight	change	of	0.31	kg.	This	pattern	is	
also reflected by the courses of weight and BMI. There were minor 
differences	between	the	FAS,	ITT	and	PP	analysis	sets.

In contrast to the insulin subgroup, estimated mean weight 
changes in the matched reference group were negative in all years 
concerning the study period, which indicates consistent mean 
weight loss.

3.4 | Weight change in the first year

Table 2 shows weight change in the first year after index, including 
stratified analyses, for both the complete insulin group and matched 
groups.

Concerning	 the	 ITT	 analysis	 set,	 mean	 weight	 gain	 was	 0.31	
(±3.9)	kg	[95%CI:	0.20	kg–0.42	kg].	When	categorized,	n = 2425 pa-
tients gained weight, which equals an absolute risk for weight gain 
of	47.7%	[95%CI:	46.3%–49.1%]	(Figure	S2).	Moreover,	n = 509 pa-
tients (10.0%) gained a substantial 5 kg weight or more. Mean weight 
gain in the PP analysis set was slightly higher, notably 0.42 (±3.8)	kg	
[95%CI:	0.31	kg–0.53	kg].

There was no statistically significant difference in weight change 
between	insulin	regimens,	whereas	there	was	between	HbA1c	ter-
tile	and	BMI	category.	No	linear	association	was	found,	but	patients	
in	the	highest	HbA1c	tertile	gained	the	most	weight.	BMI	category	
was inversely associated with weight change.

Table	S3a	presents	results	of	the	sensitivity	analysis	concerning	
weight change in the first year prior to index (T-1 to T0) showing 
0.43	kg.	This	indicates	that	mean	weight	gain	in	the	first	year	after	
actual initiation of insulin therapy would probably be somewhere in 
between	0.31	kg	and	0.43	kg.

All patients (n = 7967)

Matched groups

Insulin subgroup (n = 5213) Reference group (n = 5213)

N Summary statistics N Summary statistics N
Summary 
statistics

DBP (mmHg) 7775 77.3	(±10.3) 5151 77.4 (±10.2) 5133 78.4 (±9.6)

Laboratory

HbA1c	(mmol/mol)

Mean 7716 58.5 (±11.2) 5109 58.4 (±11.2) 5037 48.9 (±8.5)

Median 57	(51–64) 57	(51–64) 48	(43–53)

Total cholesterol (mmol/L) 7553 4.4 (±1.1) 5015 4.4 (±1.0) 4992 4.5 (±1.0)

HDL-cholesterol (mmol/L) 7529 1.2 (±0.4) 5001 1.2 (±0.3) 4976 1.3	(±0.4)

Cholesterol/ HDL ratio 
(mmol/L)

7542 3.9	(±1.3) 5011 3.9	(±1.3) 4984 3.7	(±1.2)

LDL-cholesterol (mmol/L) 7345 2.4 (±0.9) 4889 2.4 (±0.9) 4879 2.5 (±0.9)

Triglycerides (mmol/L) 7452 1.6	(1.2–2.3) 4958 1.6	(1.2–2.3) 4931 1.5	(1.1–2.1)

Serum creatinine (umol/L) 7581 84 (±28.5) 5013 82.5 (±28.0) 4963 79.8 (±24.9)

Lifestyle

Physical activity (adequate) 5514 2172	(39.4%) 3725 1584 (42.5%) 3729 1803	(48.4%)

Smoking (yes) 7820 1731	(22.1%) 5144 1049 (20.4%) 5120 997 (19.5%)

Alcohol	(yes) 4212 729	(17.3%) 2267 404 (17.8%) 2246 481 (21.4%)

TA B L E  1   (Continued)
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F I G U R E  1  Estimated	means	with	95%	CIs	of	weight	change,	weight,	BMI	and	HbA1c	in	time	period	T-5	to	T+5, for the complete insulin 
group	and	the	matched	groups.	AUC,	Area	under	the	curve;	FAS,	Full	analysis	set;	ITT,	Intention-to-treat;	PP,	Per-protocol;	U	< 1y, Insulin use 
less than 1 year
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In contrast to the insulin subgroup, matched references on 
average	 lost	 weight.	 Importantly,	 in	 matched	 references,	 HbA1c	
was inversely associated with weight change. Similar to the insulin 
subgroup, an inverse association of BMI with weight change was 
found.

3.5 | Effect of insulin therapy on body weight

Based on univariate analysis, weight change T-2 to T0 in kg was 
chosen	as	main	covariate	 (Table	S4,	Figure	S3).	 In	both	 the	 insulin	
subgroup and matched references, weight change T-2 to T0 was in-
versely associated with weight change in the first year after index. 
Explained variance was approximately 5%, the highest of all studied 

variables.	Additional	covariates	were	selected	based	on	Table	S5	and	
Table S6.

Univariate and multivariable regression analysis, on the compar-
ison	of	matched	groups,	 is	 shown	 in	Table	3.	Concerning	 the	 ITT-
matched analysis sets, the insulin subgroup was associated with 
weight increase after index (β = 0.884, p < .001). When adjusted 
for pre-insulin weight change T-2 to T0, insulin treatment initiation 
remained associated with weight increase (β-adjusted = 1.288, 
p <	.001).	This	indicates	that	mean	weight	change	was	1.3	kg	higher	
in patients that initiated insulin therapy compared to their matched 
references. The association was the strongest in the PP-matched 
analysis set (β-adjusted = 1.448, p <	 .001).	After	adjusting	for	ad-
ditional covariates, both pre-insulin weight change T-2 to T0 and in-
sulin treatment initiation retained statistical significance (p < .001).

TA B L E  3   Linear regression analysis on weight change (kg) in time period T0 to T+1, concerning comparison of the matched groups (ITT-
matched: n = 2812 pairs and PP-matched: n =	2349	pairs)

ITT-matched analysis set PP-matched analysis set

n Beta (SE) p-value R2 n Beta (SE) p-value R2

Model 1. Univariate

Group (insulin subgroup) 5624 0.884 (0.101) <.001 0.013 4698 0.977 (0.108) <.001 0.017

Model 2. Model 1 + T<0

Group (insulin subgroup) 3594 1.288 (0.121) <.001 0.072 2976 1.448	(0.132) <.001 0.075

Weight change T-2 to T0 (kg) −0.175	(0.013) <.001 −0.169	(0.014) <.001

Model	3.	Model	2	+ weight

Group (insulin subgroup) 3594 1.287 (0.121) <.001 0.073 2976 1.448	(0.132) <.001 0.077

Weight change T-2 to T0 (kg) −0.171	(0.013) <.001 −0.164	(0.014) <.001

Weight −0.008	(0.004) .049 −0.011	(0.005) .019

Model	4.	Model	3	+ T0

Group (insulin subgroup) 3594 1.175	(0.138) <.001 0.068 2976 1.468 (0.151) <.001 0.080

Weight change T-2 to T0 (kg) −0.163	(0.015) <.001 −0.155	(0.016) <.001

Weight −0.013	(0.005) .009 −0.017	(0.005) .001

Metformin −0.266	(0.155) .086

Diuretics −0.300	(0.147) .042

Model 5. Model 4 + T>0

Group (insulin subgroup) 3507 1.177 (0.176) <.001 0.103 1745 1.349	(0.194) <.001 0.106

Weight change T-2 to T0 (kg) −0.165	(0.016) <.001 −0.160	(0.018) <.001

Weight −0.013	(0.005) .013 −0.018	(0.006) .002

HbA1c	change	T0	to	T+1 0.050 (0.011) <.001 0.046 (0.011) <.001

Metformin initiated T0 to T+1 −0.717	(0.326) .028

Sulphonylureas stopped T0 to T+1 −0.837	(0.273) .002 −0.844	(0.316) .008

Diuretics stopped T0 to T+1 −0.551	(0.323) .088

Activity	decrease	T0	to	T+1 −0.511	(0.264) .053

HbA1c	T+1 0.023	(0.010) .022 0.022 (0.011) .042

Note: Input	variables	for	model	4	(backward	regression)	were:	Group,	pre-insulin	weight	change	T-2	to	T0,	weight,	hbA1c,	metformin,	diuretics,	
physical activity.
Input	variables	for	model	5	(backward	regression)	were:	Group,	pre-insulin	weight	change	T-2	to	T0,	weight,	hbA1c,	metformin,	diuretics,	physical	
activity,	hbA1c	change	T0	to	T+1, Metformin stopped T0 to T+1, Metformin initiated T0 to T+1, Sulphonylurea stopped T0 to T+1, Sulphonylurea 
initiated T0 to T+1, Diuretics stopped T0 to T+1, Diuretics initiated T0 to T+1, Physical activity decrease T0 to T+1, Physical activity increase T0 to 
T+1,	and	hbA1c	T+1.
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3.6 | Stratified analysis

In the first year after index, substantial weight gain was seen in 
n = 509 patients (10.0%), moderate weight gain was seen in n = 1916 
patients	(37.7%),	and	mild	gain/	no	change/	weight	loss	was	seen	in	
n =	2661	patients	(52.3%).	Figure	2	shows	that	patients	with	substan-
tial weight gain had higher estimated mean BMI values prior to T-1 as 
compared to the other categories. Estimated mean weight and BMI 
decreased in the year prior to index, of which BMI decreased to a 
value within the range of the other categories at T0. Simultaneously, 
estimated	mean	HbA1c	remained	unaltered	high	at	T0.	Correlations	
between weight change T-2 to T0 and weight change the first year 
after index were r =	−0.172	(p	= .002) for the substantial subgroup 
(n =	322),	r =	−0.029	(p	=	.319)	for	the	moderate	subgroup	(n = 1181) 
and r =	−0.204	(p	< .001) for the mild gain/ no change/ weight loss 
subgroup (n =	1537).

4  | DISCUSSION

This study showed that estimated mean weight gradually increased 
in the years prior to insulin therapy and continued to increase in 

the first year after, albeit at a slightly lower rate. Pre-insulin weight 
change was inversely associated with weight change in the first year 
after, with the highest statistical explained variance of all modelled 
covariates. Initiation of insulin therapy was associated with weight 
increase, independent of pre-insulin weight change and additional 
covariates. Moreover, compared to the ITT-matched analysis (as-
sessment of treatment policy), the associations in the PP-matched 
analysis (assessment of the true effect of a drug) were the strongest. 
Mean weight gain in the first year after insulin therapy, however, was 
small and subject to substantial variation. Patients with substantial 
weight gain showed high initial pre-insulin estimated mean weight/ 
BMI values, and mean weight/ BMI loss in the year preceding insulin.

Few other studies included pre-insulin weight change.9,16,17 Of 
these, Gordon et al9 visualized a more or less stable weight prior to 
insulin therapy.9	Another	observational	study	by	Gant	et	al,16 in not 
necessarily naïve insulin users referred to secondary care, reported 
a similar-shaped curve concerning averaged BMI course.16 The av-
eraged BMI course did not significantly differ between insulin users 
and non-insulin users (p-interaction = 0.460).

In the present study, we adjusted insulin therapy initiation for 
pre-insulin weight change, showing that insulin therapy is inde-
pendently associated with weight increase in the first year after.

F I G U R E  2  Estimated	means	with	95%CIs	of	weight	change,	weight,	BMI	and	HbA1c	in	time	period	T-5	to	T+5, stratified by weight 
change category
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In the study by Larger et al,17 all patients lost weight prior to 
insulin therapy due to unreported cause, followed by initiation of 
insulin therapy with delineating weight gain.17 Weight gain after in-
sulin therapy initiation was correlated with prior maximum lifetime 
weight and maximal daily insulin dose,17 resulting in the hypothe-
sis that weight gain observed after the introduction of insulin may 
mostly be catch-up weight gain.26

In the present study, by stratification, we showed that only those 
patients with substantial weight gain had estimated mean weight loss 
in the year preceding insulin. This subgroup showed an estimated 
mean BMI decrease, which at T0 reached a value within the range 
of the other subgroups. Combined with an unaltered high estimated 
mean	HbA1c	at	T-1	and	T0,	these	results	may	indicate	poor	glucose	
control with subsequent increased glycosuria resulting in weight loss.2

An	alternative	explanation	 for	pre-insulin	weight	 loss	 could	be	
that, by losing weight, patients attempted to postpone insulin ther-
apy. However, pre-insulin estimated mean weight loss was not found 
in the other categories. Concerning matched references, attempting 
to postpone insulin therapy could explain the finding that patients in 
the	highest	HbA1c	tertile	lost	the	most	weight.

Determinants of substantial weight gain after the initiation of 
insulin therapy will be further investigated in the second stage of 
this study.

Several studies, including the present one, found an inverse as-
sociation of baseline weight/ BMI with weight change after initia-
tion.6,8,10-14 In contrast with general clinical belief, reassurance with 
regard to the use of insulin in obese patients was reported.6,11 In this 
study, we showed that patients with substantial weight gain had a 
more or less similar estimated mean BMI at baseline, but markedly 
higher estimated BMI values prior to baseline (T-5 to T-1). This novel 
finding indicates that using baseline BMI as a determinant of weight 
gain after insulin therapy initiation may be misleading.

4.1 | Mean weight gain after insulin initiation

A	mean	weight	gain	of	0.31	kg	to	0.43	kg	in	the	first	year	after	initiation	
of insulin therapy is small as compared to several others reports. Of 
presented studies,5-14 mean one-year weight gains of 0.98 ± 7.1 kg,7 
1.2 kg,10 1.78 to 2.00 kg,5,6 2.8 ± 6.0 kg9	and	3	kg13 were reported.

Differences in weight gain may be attributable to various, 
whether or not coherent, factors, for example patient characteris-
tics, study medication including dose, co-medication, analysis sets 
and study setting. The CREDIT study, a multinational study, showed 
that mean weight gain substantially differs between countries, rang-
ing from 0.95 kg in Germany to 4.26 kg in Portugal.6	Also,	regional	
differences within the United Kingdom were reported.12

4.2 | The Netherlands

In	 the	Netherlands,	 everyone	 has	 a	 general	 practitioner	 and	 over	
80% of patients with T2DM is treated in primary care. Patients 

were treated according to the Dutch College of General Practitioner 
Guideline of the study period, advising to start insulin therapy when 
HbA1c	is	at	53	mmol/mol	(7%),	allowing	adjustment	with	higher	cut-
off points in the elderly and frail.19 Moreover, it was advised that life-
style and diet aspects needed to be considered with each treatment 
step	intensification.	NPH	insulin	(8–12	units	Insulatard),	in	addition	
to OGLDs, is the first choice of treatment. Table 1, however, shows 
that the majority of patients were prescribed long-acting insulin ana-
logue, which is a phenomenon previously reported by Barnett et al22 
Furthermore, the relatively high percentage of insulin-only users 
(30.4%)	is	an	unexpected	finding.

The majority of contacts and treatment decisions are through or 
by practice nurses, specifically trained to provide care to patients 
with T2DM. This training emphasizes application of strict adher-
ence to countrywide accepted protocols and treatments steps. This 
approach minimizes delays in the decision time to next treatment 
steps, thus counteracting clinical inertia.

4.3 | Generalizability

In	general,	the	results	found	in	ZODIAC	are	considered	representa-
tive	 for	 the	Netherlands,	 and	 therefore	 generalizable,	 at	 least	 for	
that part of the Dutch population with a Caucasian background. Due 
to the geographical distribution of the primary care practices par-
ticipating	in	ZODIAC,	patients	of	Moroccon,	Turkish,	Hindoustani	or	
Surinam descent are decidedly under-represented.

4.4 | Strengths and limitations

Strengths and limitations inherent to the study design were previ-
ously described.6,20,23 The effect of insulin was studied in routine 
clinical practice, which allows for real-life information on use in the 
general	population.	As	data	were	gathered	annually,	the	exact	time	
of	insulin	therapy	initiation	could	not	be	identified.	Also,	we	cannot	
exclude the possibility of some registration delay, which we believe 
has a maximum of one year. Furthermore, we cannot exclude the 
possibility that some patients in the insulin-only group were also 
using OGLDs; chances are that this will only be the case in a minor-
ity of patients. The clinical characteristics of the insulin-only users 
were barely different from the patients treated with a combination 
of insulin and OGLDs (data not shown).

Insulin doses, frequency of injections and nutritional factors were 
not	included	in	ZODIAC.	Also,	study	site	was	not	taken	into	account.

Weight was measured to the nearest kg, hence more as a dis-
crete than a continuous variable. Body fat distribution was not 
measured.27 Furthermore, weight change cannot be attributed 
to fat tissue only, as an unmeasured fat free component notably 
fluid may play a role in weight change.24 Moreover, no patient se-
lections other than those described in the methods section were 
made; hence, the group also included some patients with clinically 
relevant renal disease (a rare patient group in the primary care in 



     |  11 of 12EDENS Et al.

the	Netherlands)	and	patients	with	chronic	heart	failure.	Since	no	
structural information on fluid status or degree of chronic heart 
failure was available, the influence of these factors could not be 
taken into account.

4.5 | Conclusion

We conclude that initiation of insulin therapy was independently as-
sociated with weight increase; however, overall effect on weight was 
small and subject to substantial variation. Pre-insulin weight change 
is identified as a relatively strong inverse determinant of weight 
change after insulin initiation.
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