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Methods: Patients with newly-diagnosed T2D with body mass index (BMI, kg/m2 ) at diagnosis
and subsequent measures at year 1–3 were identiﬁed. Based on three-year BMI change,
patients were assigned to one of 27 BMI change pathways deﬁned by annual BMI change:
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Mean annual and three-year cumulative healthcare costs were estimated for each pathway
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by combining Swedish unit costs with resource use from primary care and national patient
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registers.
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Results: Cohort consisted of 15,819 patients; 44% women, mean age of 61 years, HbA1c of 6.7%

Economic burden

(50 mmol/mol), BMI of 30.6 kg/m2 . Most common BMI pathways (mean costs): BMI→→→
(D 5,311), BMI→→ (D 5,461), and BMI→→ (D 6,281). General trends: BMI→→→ linked to
lowest, BMI→ linked to highest costs.
Conclusion: In patients with newly-diagnosed T2D, weight stability was the most common
BMI change pattern over 3 years and associated with lowest healthcare costs. Relationship between weight change and healthcare costs appears complex warranting further
investigation.
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Introduction

Obesity is reaching pandemic levels making it one of the
biggest public health problems leading to severe health problems [1]. Being overweight is a major risk factor for the
development of type 2 diabetes (T2D) and a major contributor to the increased risk for cardiovascular (CV) morbidity
and mortality among patients with diabetes [2]. The global
obesity pandemic and subsequently increasing prevalence of
T2D not only raise clinical concerns but also exert pressure
on healthcare systems and society as a whole [3–5]. The economic burden of T2D is substantial and is already notable from
an early stage of disease — individuals with diabetes incur
healthcare costs twice as high as matched patients without
diabetes in the ﬁrst year after diagnosis [6].
Although glycemic control is the major goal in diabetes,
reducing body weight or preventing weight increase is important and potentially cost-effective approach in successful
management of T2D [7]. The clinical beneﬁts of weight loss
are emphasized by a number of clinical studies showing that
even a moderate reduction in weight signiﬁcantly improves
metabolic control [7–9]. Recent studies, yet few and limited
by short study duration, have also identiﬁed a link between
body weight changes and healthcare costs [4,10–13]. Yet, to
identify the true relationship is difﬁcult given the complexity
of disease itself and diverse confounding factors. Therefore, different methods and more comprehensive approaches
applying repeated BMI and cost measurements over several
years are required to establish this link and deﬁne the economic burden that weight increase in T2D incurs. Hence, our
study aims at comprehensively describing BMI change pathways and link them to healthcare costs by using data from
Swedish clinical settings.

2.

Material and methods

2.1.

Study population

Data for this study were collected from 84 primary-care centers in Sweden between 1999 and 2009 and extracted from the
ROSE (Retrospective Epidemiological Study to Investigate Outcome and Mortality with Glucose-lowering Drug Treatment
in Primary Care) study [14]. The index date of diagnosis was
deﬁned by the diagnostic code in the registry data or the ﬁrst
prescription of a blood glucose-lowering drug. The population of newly diagnosed patients included in this study were
those with a body mass index (BMI, kg/m2 ) measurement at
diagnosis of T2D (taken within a window of 450 days prior to
and 45 days after diagnosis). This population was narrowed
down to individuals whose BMI measurements were taken
at 12, 24, and 36 months after diagnosis (within a time window of ±90 days as depicted in Fig. 1). Individuals having a
shorter follow-up than 36 months were censored at the time
of last available measurement. Due to increased risk for involuntary weight loss associated with comorbidities, individuals
with BMI <18 kg/m2 at baseline, active cancer or heart failure at index were excluded from the analysis. Description of
recruitment and data extraction from primary care records

and registers have been described in detail elsewhere [2]. The
HbA1c was retrieved according to the Mono-S method unit and
was calculated to be equivalent with DCCT standard (HbA1c
(%) = 0.9569 × HbA1c (Mono S) (%) + 1.182) [15]. The article is
based on previously conducted studies, and does not involve
any new studies of human or animal subjects performed by
any of the authors.

2.2.

Weight change pathways

Three annual BMI change categories were deﬁned based on
annual BMI change: BMI (≥1 BMI unit increase), BMI→ (less
than 1 BMI unit increase or decrease), and BMI (≥1 BMI unit
decrease). At least 1 BMI unit change was chosen as it was
linked to clinically and economically meaningful outcomes in
previous research [8,11,16]. Based on the observed individual
BMI change patterns over three years, patients were assigned
to one of the 27 possible BMI change pathways depicted in
Fig. 2.

2.3.

Healthcare resource use and costs

Healthcare resource use was available for the 3 years of maximum follow-up after diabetes diagnosis. Data were collected
from electronic patient records in primary care and national
patient registers and linked via the unique Swedish personal identity number. Three main categories of healthcare
resource were collected. Primary care contacts, subdivided
into physician, nurse, and other primary care profession such
as podiatrist were extracted from the electronic primary care
records [17] and further categorized into actual visits to a
primary care center, phone contacts, home visits, visits to
take a laboratory test, and other contacts such as prescription renewal that do not require face-to-face interaction.
Hospitalizations were extracted from the Swedish National
Inpatient Register and clustered into 10 diagnosis-related
groups based on ICD codes (Cardiovascular, Gastrointestinal,
Urogenital, Cancer, Respiratory, Endocrine, Musculoskeletal,
Neurological, Infectious disease, and other causes). The third
category of healthcare resource use was laboratory tests.
These were extracted from the electronic primary care records.
All consumption of healthcare resources was considered, both
diabetes and non-diabetes related.
Swedish unit costs were applied to the healthcare resource
use to estimate the healthcare costs. All relevant unit costs
(expressed in year 2012 values [D 1 = SEK 8.7034] and inﬂated
to year 2015 level with a Consumer Price Index of 1.02604) are
presented in Table 1 and have been obtained from publically
available price lists [18–22]. Costs of pharmaceuticals and consumables (needles, blood monitoring stripes, lancets) were not
included in the study given lack of prescription data for the full
study period.
Based on observed healthcare resource consumption,
mean per patient annual and cumulative 3 year healthcare
costs for each BMI change pathway were estimated. Given the
descriptive approach of the study, 95% conﬁdence intervals
(CI 95%) derived by bootstrapping are presented rather than
p-values for hypothesis tests.
Additionally, pathways were clustered together and average three year cumulative costs were estimated. Early BMI
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Fig. 1 – Study design.

Table 1 – Unit costs applied in the analysis.
Cost item

Unit cost (D )

Reference

Outpatient primary care
GP visit
GP home visita
GP phone contact/administration workb
Nurse visit
Nurse home visita
Nurse phone contact/patient administrationb
Other primary care visit
Other primary care home visita
Other primary care phone contact/patient administrationb
Laboratory visit

Per contact
151.9
303.7
50.3
55.4
110.8
18.5
55.4
110.8
18.5
58.5

[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[22]

Inpatient carec
Cardiovascular
Gastrointestinal
Urogenital
Cancerd
Respiratory
Endocrine
Musculoskeletal
Neurological
Infections
All other causese

Per event
5475
4979
5199
7265
5316
5120
6723
5985
5878
3458

[20]
[20]
[20]
[21]
[20]
[20]
[20]
[20]
[20]
[21]

Laboratory tests
Total serum cholesterol
HDL and LDL cholesterol
Triglycerides
Blood glucose
HbA1C
Creatinine

Per test
0.8
1.0
0.8
1.0
8.8
0.8

[18]
[18]
[18]
[18]
[18]
[18]

D 1 = 8.7034 SEK (2012 values).
Costs were inﬂated to 2015 price level by using Consumer Price Index for Healthcare sector of 1.026.
a
Unit costs for a home visit (GP/nurse/other primary care profession) are equal the costs of two ordinary visits.
b
Unit costs of patient administration are identical to that of a phone call.
c
Hospitalizations are grouped based on the main ICD-code assigned to a hospitalization.
d
Unit costs for cancer related hospitalizations were estimated by applying the mean cost per hospitalization based on diagnosis-related group
(DRG) cost weights [21].
e
Unit costs for hospitalizations for other causes were calculated by deriving the weighted average costs of 15 most frequently registered
diagnoses in the study sample.
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Fig. 2 – BMI change trajectories, the number of patients (N) and conditional probabilities (%) of moving between BMI
categories.
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Table 2 – Baseline characteristics.
Variable

Age, years
Male gender, n (%)
Previous MI, n (%)
Previous stroke, n (%)
Previous HF, n (%)
Previous AF, n (%)
Previous cancer within 3 years, n (%)
BMI at baseline, kg/m2
HbA1c,% (mmol/mol)
Systolic BP, mmHg
Diastolic BP, mmHg
Total cholesterol, mmol/l
LDL cholesterol, mmol/l
HDL cholesterol, mmol/l
Triglycerides, mmol/l
Creatinine, mol/l
Estimated GFR, ml/min

BMI change groups for the ﬁrst year

Total

Decrease N = 2613

Stable N = 4380

Increase N = 1151

Missing N = 7675

61.2 ± 11,9
1270 (48.6)
116 (4.4%)
85 (3.3%)
0 (0.0%)
160 (6.1%)
0 (0.0%)
32.5 ± 6
6.8 ± 1.8 (51)
147.5 ± 20.4
83.7 ± 10.5
5.5 ± 1.2
3.4 ± 1.0
1.3 ± 0.6
2.1 ± 2.0
81.6 ± 18.5
82.5 ± 18.5

61.9 ± 11.8
2613(59.7)
269 (6.1%)
133 (3%)
0 (0.0%)
224 (5.1%)
0 (0.0%)
30.60 ± 5.0
6.6 ± 1.9 (49)
146.1 ± 20.0
82.2 ± 10.5
5.4 ± 1.2
3.3 ± 1.0
1.3 ± 0.6
2.1 ± 1.6
80.9 ± 18.4
81.2 ± 17.5

59.4 ± 11.8
684 (59.4)
56 (4.9%)
30 (2.6%)
0 (0.0%)
51 (4.4%)
0 (0.0%)
30.32 ± 5.8
7.3 ± 2.7 (56)
144.8 ± 19.8
83.0 ± 10.5
5.5 ± 1.2
3.3 ± 0.9
1.4 ± 0.7
2.3 ± 2.2
78.2 ± 19.0
85.2 ± 18.4

60.9 ± 12.8
4276 (55.9)
425 (5.5%)
284 (3.7%)
0 (0.0%)
412 (5.4%)
0 (0.0%)
30.3 ± 5.6
6.7 ± 2.1 (50)
144.6 ± 20.0
82.7 ± 10.6
5.4 ± 1.2
3.3 ± 1.0
1.3 ± 0.7
2.1 ± 1.6
78.9 ± 19.1
83.1 ± 19.0

N = 15,819
61.1 ± 12.3
8843 (55.9)
866 (5.5%)
532 (3.4%)
0 (0.0%)
847 (5.4%)
0 (0.0%)
30.6 ± 5.6
6.7 ± 2.1 (50)
145.5 ± 20.0
82.8 ± 10.6
5.5 ± 1.2
3.3 ± 1.0
1.3 ± 0.6
2.1 ± 1.7
79.4 ± 19.0
82.5 ± 18.5

(mean ± SD); n (p%) represent frequency (percentage); CVD — Cardiovascular Diseases; HF — Heart Failure; AF — Atrial Fibrillation; UA —
Unstable Angina; TIA — Transient Ischemic Attack; PAD — Peripheral Arterial Disease; BP — Blood Pressure; BMI — Body Mass Index; LDL —
Low-density Lipoproteins; HDL — High-density Lipoproteins; GFR — Glomerular Filtration Rate.

change and change in any of the follow-up years were investigated. Pathways were clustered by:

1. The number of observed BMI increase or decrease over
three years: BMI increase in at least 1 of 3 years of followup and no decrease; BMI decrease in at least 1 of 3 years of
follow-up and no increase; and no BMI changes.
2. BMI change in the ﬁrst year after diagnosis: BMIXX;
BMI→XX; and BMIXX.

2.4.

HbA1c and insulin use

Average annual HbA1c levels and proportion of patients with
T2D treated with insulin were extracted.

3.

Results

3.1.

Patient characteristics

The dataset included 15,819 patients with a BMI measure at
the diagnosis of T2D. Of these 8144; 4806; and 3066 patients
had BMI measurements within the time window at one, two
and all three years, respectively. The cohort consisted of 44%
women, had a mean age of 61 years, mean HbA1c level of 6.7%
(50 mmol/mol), and mean BMI of 30.6 (Table 2). Patients with
BMI increase in the ﬁrst year were slightly younger, had similar BMI and higher HbA1c compared to patients who remained
stable. Patients with BMI decrease in the ﬁrst year were of similar age, were more often female, had slightly higher HbA1c ,
and had higher BMI compared to those with stable BMI group.
Patients lost to follow-up in the ﬁrst year (7675) had similar
characteristics to those with BMI measurements (Table 2).

3.2.

BMI change pathways

Estimated conditional probabilities of a patient moving
between BMI categories over a period of one-year are presented in Fig. 2. Irrespective of BMI change in year 1, BMI
stability over the subsequent years was the most commonly
observed pattern. The most frequently observed pathway was
a stable weight pattern (P14, BMI→→→) where patients maintained a stable BMI in year 1–3 (4380; 1939; and 941 patients
in each year, respectively). A BMI decrease in year 1 and subsequent BMI stability in year 2 and 3 was the second most
common pathway (P23, BMI→→). P15 (BMI→→) was the
third most common pathway whereas P1, indicating a steady
BMI increase (BMI); and P27 (BMI), indicating a
steady BMI decrease, were the least commonly observed pathways.

3.3.

BMI change pathways linked to healthcare costs

Mean per patient annual healthcare costs for each BMI
change pathway and mean per patient three-year cumulative healthcare costs for each of the 27 BMI change groups are
presented in Fig. 3. The highest mean cumulative healthcare
costs (D 11,809) were estimated for BMI change pathway P4
(BMI→). The second highest costs (D 10,985) were observed
in pathway P9 (BMI). The third (D 8,791) and the fourth
(D 8,727) highest costs were linked to pathways P7 (BMI→)
and P3 (BMI→), respectively. The lowest mean cumulative
healthcare costs (D 5,311; D 5,461) were observed in patients
maintaining their BMI at diagnosis throughout 3 years (P14,
BMI→→→) and those with initial BMI decrease and subsequent BMI stability (P23 pathway [BMI→→]), respectively.
The most typical pathways based on BMI change in year 1
were P5 (BMI→→), P14 (BMI →→→), and P23 (BMI →→)
that respectively yielded costs of D 5,862; D 5,311; D 5,461.
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Fig. 3 – BMI change trajectories, annual (italic) and cumulative (bold) healthcare costs and CI (95%).

When grouped by the number of observed BMI increase or
decrease over 3 years, patients with BMI increase in at least
1 of 3 years of follow-up and no decrease (P1, P2, P4, P5, P10,

P11, P13) on average incurred a cumulative cost of D 7800 those
with BMI decrease in at least 1 of 3 years and no increase (P17,
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P18, P23, P24, P26, P27) averaged D 6,896 whereas patients with
no BMI changes over three years (P14) incurred D 5,311.
There was a general trend indicating that initial BMI
increase (BMIXX) was associated with the highest three-year
costs (D 8,568), irrespective of the following BMI change pathways, compared to BMI→XX (D 6,922) and BMIXX (D 6,967).
Overall, BMI increase was also associated with higher
HbA1c levels and higher increasing proportion of insulin users
whereas BMI decrease was associated with lower HbA1c levels
and lower proportion of insulin users, see Supplementary Fig.
S1 in the online version at DOI:10.1016/j.pcd.2017.03.001.

4.

Discussion

To our knowledge, this is the ﬁrst study describing relative
weight change (BMI) patterns and linking them to healthcare
costs in a Swedish real-world T2D setting. Deﬁning 27 BMI
change pathways over three years allowed us to identify the
most common BMI change pathways and assign healthcare
costs to each of them. The study showed that many patients
maintained relatively stable BMI with three year stability being
the most common pathway. BMI decrease in the ﬁrst year followed by two stable years and two stable years followed by BMI
decrease in the third year were the second and the third most
common pathways, respectively.
The lowest three-year cumulative costs were observed in
a pathway indicating three-year BMI stability (D 5311). With a
few exceptions, a general trend indicating that a steady BMI
was associated with lower annual and three-year cumulative healthcare costs was noticed. When clustered together,
patients with BMI increase in at least 1 of 3 years of follow-up
and no decrease on average incurred higher cumulative cost
than those with at least 1 BMI decrease and no increase or
those with stable BMI. Regarding initial BMI change, BMIXX
was associated with highest three-year costs followed by
BMIXX and BMI→XX.
The association between costs and relative weight change
was explored previously [4,10–13,16,23]. One BMI unit increase
was signiﬁcantly associated with a 2.4% increase in the average 1-year total healthcare costs in the study by Dilla et al. [11].
Another study [23] concluded that every unit increase in BMI
over 30 kg/m2 leads to a 1% increase in annual direct medical costs. Yu et al. [4] estimated that 1-year healthcare costs
were 30% higher among patients who gained weight (minimum 0.45 kg) over 6 months compared to those who did not.
Relative weight gain of >3% of body weight (approx. 1 BMI
unit) was associated with a signiﬁcant increase in both medical [16] and all-cause annual costs [12] compared with the
weight-neutral cohort. Even if the direct comparison of results
is difﬁcult due to different study design, follow-up time, and
other differences, all studies consent that at least 1 BMI unit
increase is linked to increased cost. Our study indicates similar trends in a larger patient population over a longer period
of time.
Higher costs linked to relative weight gain in T2D could partially be explained by increasing HbA1c levels and consequent
initiation of insulin treatment requiring additional healthcare
contacts [2,24,25]. As BMI increase is also linked to worsening of cardiovascular risk factors such as blood pressure and
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cholesterol [2], these patients are also subject to closer monitoring resulting in additional healthcare contacts.
Weight loss was found to be associated with signiﬁcantly
lower annual costs compared with weight stability in the
study of Bell et al.[12]. Decrease in healthcare utilization was
also linked to weight loss in other studies [4,10,13]. Yet, we
observed slightly higher costs for BMI decrease than for stable BMI. This difference can be partially explained by patients
with BMI decrease in the ﬁrst year having higher BMI at diagnosis than those who remained stable or increased (32.0, 29.8,
and 30.8 kg/m2 , respectively). This may have led to more frequent interaction with healthcare in order to address obesity
related health issues. This effect might have been reinforced
by the fact that weight reduction is one of the prioritized
tasks in T2D management in Sweden leading to more intense
interaction with a cross-functional diabetes team consisting
of endocrinologist, dietitian, and podiatrist. Consequently, the
relatively high costs associated with BMI decrease pathways
should not be surprising as these patients may be subject
to more intense follow-up in order to achieve weight loss
while monetary beneﬁts associated with health improvement
driven by weight loss may not be fully captured due to limited study follow-up and lagged effect of relative weight loss.
This association between weight loss and reduction in both
diabetes-related risk factors and healthcare resource consumption over 10 year follow-up was previously observed in
previous studies [13,26].

5.

Limitations

Our study has limitations. Firstly, we use BMI when describing body weight changes, however, BMI does not reﬂect body
fat distribution, and is therefore not necessarily a good measure of visceral fat when compared to other obesity measures
(i.e. waist-to-hip ratio or waist circumference). Yet, BMI is
the most readily available measure and can be regarded as
the current standard measure of obesity in clinical practice
[27–29]. Secondly, excluding patients without BMI measurements within the time windows implies a potential risk of bias,
because it is possible that more obese patients might have
more BMI measurements or patients who do not regularly
undergo health checks may differ in their health status. However, the baseline BMI values were similar for patients who
were included in the sample compared with those who were
not (30.3 and 31.14 kg/m2 , respectively) as were other baseline characteristics. Thus, the risk for bias is relatively small.
Thirdly, our study has limitations concerning the actual data
collection and study design, which have been discussed in previous publications [2]. In addition, our study follow-up may
be too short to be able to fully capture long-term BMI change
effects on diabetes-related complications and costs. It should
be noted that deﬁning 27 BMI change pathways led to very few
patients in extreme BMI change scenarios (e.g. patients with
BMI increase or decrease in each of the three years). Clearly,
the healthcare cost estimates for these pathways are associated with a large degree of uncertainty.
The study design makes it difﬁcult to differentiate
between intentional and unintentional weight loss where
unintentional weight loss may indicate non-diabetes related
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comorbidities [30]. To address this limitation individuals with
cancer and heart failure were excluded. Also, we only included
patients with newly diagnosed T2D, who tend to be younger
and healthier and with a lower risk of disease-induced weight
changes. Our study did not intend to separate diabetes from
non-diabetes related healthcare costs. Rather, the study provides a comprehensive description of the expected healthcare
cost following a diagnosis of T2D. In contrast to other cost
studies, this study did not include costs for antidiabetic medications and consumables (i.e. needles, glucose test stripes,
and lancets) as complete data were not available for the whole
study period leading to an underestimation of the total healthcare costs incurred by an average patient with diabetes.

6.

Strengths

There are several strengths of the present study. First, to our
current knowledge, this study is the ﬁrst to identify the most
commonly observed BMI change pathways in Sweden and
estimate healthcare costs incurred by patients following a particular BMI change pathway. Second, our study was not limited
by a one year study follow-up as previously published studies
[4,11,23] but followed patients over three years which gives a
better understanding of how healthcare costs develop based
on BMI change pathway over a longer period of time. Third,
the descriptive nature of our study gives a good overview of
how patientı́s weight and healthcare costs develop over time.
This conditional data are rarely available and may be useful
for estimating potential economic consequences of relative
weight gain to healthcare budgets and deﬁning the burden of
poor weight management in T2D patients. Finally, the study
links data from nationwide healthcare registries in Sweden
including primary care and hospitalization providing almost
a complete picture of three-year non-pharmaceutical healthcare costs in patients with newly diagnosed diabetes with
different BMI proﬁles.
Our study indicates that relative weight gain (BMI increase)
in patients with T2D may be associated with increased cumulative healthcare costs when compared to BMI decrease and
stability over time. Yet, it should be acknowledged that identifying the true relationship between BMI change and costs
is difﬁcult, if not impossible given numerous confounding
factors such as patient characteristics, lifestyle factors, or
regional diabetes management differences. Therefore, further
studies need to move beyond the descriptive nature of the
present study and apply different methodological approached
to understand the complexity of weight changes over time and
their association with healthcare costs.

7.

Conclusions

In patients with newly diagnosed T2D, weight stability was the
most commonly observed BMI change pathway, and this pathway was also associated with relatively low healthcare costs.
Although the study indicates that weight gain over time may
be associated with highest healthcare costs further research
is needed to understand the complex relationship between
weight changes over time and healthcare costs.
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