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Objective: We aimed to assess how longitudinal body mass index (BMI) trajectories are associated with diabetes complications and
all-cause mortality in Finnish patients with type 2 diabetes (T2D).

Methods: In this cohort study, electronic health records from public primary and specialized healthcare services in all 13
municipalities of North Karelia, Finland, were utilized. This study included a total of 889 adults with newly diagnosed T2D in
2011 or 2012 (mean age at baseline 62.0 years). Individual BMI trajectories from the T2D diagnosis until 2014 were estimated and
grouped by growth mixture modeling (GMM). Hazard ratios (HRs) with 95% confidence intervals (Cls) for microvascular complica-
tions, macrovascular complications, any diabetes complications, and all-cause mortality from 2015 to 2022 across BMI trajectory
groups were estimated using Cox regression models.

Results: Three distinct BMI trajectory groups were identified using GMM and labeled as follows: “stable” (n = 774, 87.1%),
“decreasing” (n = 87, 9.8%), and “increasing” (n = 28, 3.1%). During a median follow-up of 8 years, there were 119 (13.3%) patients
with microvascular complications, 187 (21.0%) with macrovascular complications, 258 (29.0%) with any diabetes complications, and
180 (20.2%) deaths. Compared with the “stable” BMI, the “increasing” BMI was associated with an increased risk of microvascular
complications (HR = 2.88, 95% CI: 1.32 to 6.28), macrovascular complications (HR = 2.52, 95% CI: 1.17 to 5.43), and any diabetes
complications (HR = 2.21, 95% CI: 1.16 to 4.20). The “decreasing” BMI was associated with an increased risk of all-cause mortality
(HR = 1.90, 95% CI: 1.14 to 3.15), compared to the “stable” BMI.

Conclusion: Our findings underscore the significance of continuous BMI monitoring and weight management in patients with T2D.
Tailored treatments are crucial for efficiently preventing weight gain and reducing the risk of diabetes complications.
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Introduction
Most type 2 diabetes (T2D) patients live with obesity (body mass index, BMI >30 kg/m?),! and weight loss is one of the
therapeutic objectives in T2D management.”* Clinical trials have demonstrated that modest weight loss, ie, 5-10%, in
T2D patients with high BMI improves the risk factors of diabetes complications, such as hyperglycemia, hyperlipidemia,
and hypertension.*>

Complications arising from T2D can be categorized into microvascular complications, including retinopathy, neuro-
pathy, and nephropathy, as well as macrovascular complications, such as cardiovascular disease, cerebrovascular disease,
and peripheral vascular disease.*” The association of BMI with microvascular complications and macrovascular
complications in T2D patients has been investigated in observational studies. Some studies have reported a positive

10,11

association,®” while others have found either an inverse or no association.'?'? Furthermore, a meta-analysis

including 16 cohort studies has reported a U-shaped relationship between the baseline BMI and total mortality among
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T2D patients, with the lowest risk observed at a BMI of 28-30 kg/m>.'* When these associations were estimated using
baseline BMI alone, it neglects to take account of the fact that patients with T2D may experience BMI fluctuation over
time.'> Considering longitudinal BMI measurements, increasing evidence has demonstrated that high body weight
variability is a risk factor for diabetes complications and all-cause mortality in American,'®!” Korean,'® and Swedish
patients with T2D."”

To emphasize the need for intensive support for weight management in diabetes care and inform the targeted
treatment lines for T2D patients, the effects of longitudinal patterns of BMI change on health consequences in T2D
patients should be investigated. To date, such investigations are still limited. To our knowledge, only one recent
longitudinal study has examined the impact of BMI trajectories on mortality from any cause in Chinese T2D
patients.”® To gain a deeper understanding of the impact of BMI changes post-diagnosis on clinical outcomes, we
investigated BMI trajectories in Finnish patients with T2D. Our study assessed the associations between BMI trajectories
and the occurrence of microvascular and macrovascular complications, along with all-cause mortality.

Methods

Study Setting

We used regional electronic health records (EHRs) data of North Karelia, Finland, from 2011 to 2022, to conduct
a cohort study. A common electronic patient information system called Mediatri has been applied in all 13 municipalities
of the North Karelia region since the beginning of 2011. It covers demographic, diagnosis and laboratory data from both
public primary and specialized healthcare services.?'*> We collected data on patients’ birth year, sex, measurements of
BMI, fasting plasma glucose (FPG), glycated hemoglobin (HbA1c) and low-density lipoprotein (LDL), diagnosis codes
and dates for T2D and complications, as well as the date of death.

Study Design and Study Participants

In this study, 889 adult patients who were newly diagnosed with T2D (ICD-10 code E11) in 2011 or 2012 and free of any
diabetes complications were included. BMI was obtained from the EHRs and calculated as weight divided by the square
of height (kg/m?). Individual BMI trajectories were estimated from the date of T2D diagnosis to the end of 2014, with
a maximum duration of 4 years. The latest BMI measurement of <6 months prior to the T2D diagnosis was defined as the
baseline value, and subsequent BMI measurements since the T2D diagnosis until the end of 2014 were defined as the
follow-up values.

Ascertainment of Baseline Characteristics

The baseline age was determined at the diagnosis year of T2D. The baseline values of FPG and HbAlc were
determined as the closest measurement of the T2D diagnosis date, within a = 3-month range. Similarly, for LDL,
the baseline value was defined as the closest measurement within 1 month of the T2D diagnosis. FPG, HbAlc and
LDL were examined by applying the enzymatic hexokinase method, the turbidimetric inhibition immunoassay method
and the photometric direct enzymatic method, respectively.>** All FPG, HbAlc and LDL samples were analyzed in
the same regional laboratory — the Eastern Finland Laboratory (ISLAB, https://www.islab.fi) which is an accredited

laboratory and participates in external quality surveys. All values were standardized to International Federation of
Clinical Chemistry (IFCC) units.

Ascertainment of Diabetes Complications, Mortality, and Follow-Up

Diabetes complications were identified from the EHRs using ICD-10 codes recorded to any appointment in primary or

25,26

specialized care. The specific codes are listed in Supplementary Table 1. Incident microvascular complications,

macrovascular complications, any diabetes complications, and death from any cause were assessed separately. Follow-up
time began from 1 January 2015 until the first occurrence of the specific event, moving outside the study area, or
31 December 2022, whichever occurred first.
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Statistical Analyses
Growth mixture modeling (GMM) and latent class growth analysis (LCGA) were used to identify distinct BMI trajectory
groups by grouping patients with similar average BMI growth curves into latent classes, capturing variability across
latent classes.”” GMM is more flexible, allowing within-class variability through random effects,”® while LCGA assumes
no within-class variability.”” Random effects capture individual differences within the same class by allowing variation in
the intercepts and slopes of the growth curves.>*>' We applied linear, quadratic, and cubic models with random effects
for GMM and without random effects for LCGA, ranging from single to five-class models, respectively. GMM and
LCGA analyses were performed in R using the “lemm” package, under the assumption of missing data at random.****
Missing data were not imputed but, instead, the model was estimated based on all available data. In the analysis,
a function of time was set from the T2D diagnosis until the last BMI measurement. The optimal number and shape of
trajectories were determined based on the following six indices: (1) clinical interpretation, (2) low Bayesian information
criteria, (3) average posterior membership in each class >0.8, (4) the proportion of individuals in each class >3.0%, (5)
significant Lo-Mendell-Rubin likelihood ratio test with p-value <0.05, (6) entropy index >0.7.>*73°

The baseline characteristics of patients are summarized using mean with standard deviation (SD) for continuous variables,
and count with proportion (%) for categorical variables. Differences in baseline characteristics between the included patients
and the patients excluded due to no BMI measurements for trajectory analysis, as well as between BMI trajectories were
evaluated using standardized mean differences, with values >10% indicating meaningful differences between the groups.®’

The BMI trajectory groups identified using latent growth modeling approaches were utilized to examine their associations
with diabetes complications and all-cause mortality risk from 2015 to 2022 (Figure 1). The incidence rates of microvascular
complications, macrovascular complications, any diabetes complications, and all-cause mortality per 1000 person-years were
calculated. Unadjusted and age- and sex-adjusted Cox regression models were employed to analyze hazard ratios (HRs) with
95% confidence intervals (Cls) for complications and all-cause mortality based on BMI trajectory groups. The validity of the
proportional hazard assumption for all age- and sex-adjusted models was tested using the Schoenfeld residuals, and no violations
were observed. In the sensitivity analyses, T2D patients with only one BMI measurement were excluded to avoid selection bias.
All statistical analyses were performed on R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 1643 T2D patients aged 18 years and over were identified. Patients without any BMI measurements (n = 408),
those who died (n = 118), or those who had known or developed any diabetes complications during the study period of
BMI trajectories (n = 228) were excluded. Finally, 889 T2D patients with 3587 BMI measurements were included in the
analyses. In the sensitivity analyses, 711 patients with 3409 BMI measurements were included.

BMI Trajectories

The linear GMM with random effect for the intercept identified three BMI trajectories that best fit the data based on the
fit indices and clinical interpretability (Supplementary Table 2). A total of 889 T2D patients with 3587 BMI measure-
ments were assigned to the corresponding trajectory groups. The number of T2D patients and BMI measurements at the

baseline and during the follow-up are summarized in Supplementary Table 3. The identified BMI trajectory groups were
labeled: “stable” (n = 774, 87.1%), “decreasing” (n = 87, 9.8%), and “increasing” (n = 28, 3.1%) (Figure 2).

BMI trajectory
model
v y
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§ Follow-up Diabetes complications

§ measurements | and all-cause mortality assessment

Figure | The study design for investigating the associations between BMI trajectories and poor health outcomes in 889 T2D patients.
Abbreviations: BMI, body mass index; T2D, type 2 diabetes.
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Figure 2 BMI trajectories of 889 T2D patients. Dashed line represents average BMI, while shaded area indicates the 95% confidence interval for the mean.
Abbreviations: BMI, body mass index; T2D, type 2 diabetes.

Baseline Characteristics

Baseline characteristics of T2D patients are presented in Table 1. Of 889 T2D patients with a mean (SD) baseline age of
62.0 (12.2) years, 430 (48.4%) were female. Altogether 374 (42.1%) patients had the baseline BMI measurement with
a mean (SD) BMI of 31.8 (6.5). The excluded ones without any BMI measurements during the study period of BMI
trajectories were older than those included in this study, but no difference was found in FPG, HbAlc and LDL levels at
baseline (Supplementary Table 4). Compared with the patients in the “stable” BMI group, those either in the “increasing”

or “decreasing” BMI group had higher baseline BMI and were younger, but had lower LDL level; those in the
“decreasing” BMI group had higher FPG and HbAlc levels at baseline. Additionally, the patients in the “increasing”
BMI group had higher BMI and were younger, but had lower FPG and HbAlc levels at baseline than those in the
“decreasing” BMI group (Supplementary Table 5).

Diabetes Complications and Mortality

A total of 258 patients (mean age of 73.8 years) developed diabetes complications (119 microvascular complications and
187 macrovascular complications; Supplementary Tables 6, 7) and 180 patients (mean age of 78.5 years) died during
a median follow-up of 8§ years. In the “stable”, “decreasing”, and “increasing” BMI groups, 12.9%, 13.8%, and 25.0%

Table | Baseline Characteristics of 889 T2D Patients in the Overall Cohort and by BMI
Trajectory Groups

Overall Cohort Stable Decreasing Increasing

(n = 889) (n=774) (n=87) (n =28)
Female, n (%) 430 (48.4) 365 (47.2) 50 (57.5) 15 (53.6)
Age, mean (SD), years 62.0 (12.2) 63.1 (11.6) 55.2 (13.9) 529 (124)
BMI, mean (SD), kg/m? 31.8 (6.5) 30.6 (5.2) 385 (8.5) 40.4 (9.8)
BMI measured, n (%) 374 (42.1) 323 (41.7) 38 (43.7) 13 (46.4)
FPG, mean (SD), mmol/L 8.0 (2.7) 7.8 (2.5) 9.3 (3.8) 8.0 (3.3)
FPG measured, n (%) 535 (60.2) 465 (60.1) 58 (66.7) 12 (42.9)
HbAc, mean (SD), mmol/mol | 47.8 (15.8) 47.1 (15.4) 53.9 (18.6) 47.1 (11.0)
HbAIc measured, n (%) 573 (64.5) 501 (64.7) 58 (66.7) 14 (50.0)
LDL, mean (SD), mmol/L 3.1 (1.0) 3.1 (1.0) 3.0 (0.9) 3.0 (04)
LDL measured, n (%) 314 (35.3) 269 (34.8) 36 (41.4) 9 (32.1)

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin; LDL, low-density lipopro-
tein; T2D, type 2 diabetes.
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Table 2 Hazard Ratio with 95% Confidence Interval for Diabetes Complications and All-Cause
Mortality According to BMI Trajectory Groups in 889 T2D Patients

BMI Trajectory Groups

Stable (n = 774) | Decreasing (n = 87) | Increasing (n = 28)

Microvascular complications
Model |
Model 2

1.00 (reference)

1.00 (reference)

1.04 (0.58-1.90)
.48 (0.80-2.72)

1.88 (0.87—4.04)
2.88 (1.32-6.28)

Macrovascular complications

Model | 1.00 (reference) 0.77 (0.46—1.31) 1.12 (0.53-2.39)
Model 2 1.00 (reference) 1.34 (0.78-2.28) 2.52 (1.17-5.43)
Any diabetes complications

Model | 1.00 (reference) 0.92 (0.60-1.40) 1.14 (0.61-2.15)
Model 2 1.00 (reference) 1.45 (0.94-2.22) 2.21 (1.16-4.20)

All-cause mortality
Model |
Model 2

1.00 (reference)
1.00 (reference)

0.95 (0.58-1.57)
1.90 (1.14-3.15)

0.68 (0.25-1.84)
1.54 (0.57—4.17)

Notes: Model I: crude analysis; Model 2: model | plus adjustment for age and sex.
Abbreviations: BMI, body mass index; T2D, type 2 diabetes.

developed microvascular complications, 21.3%, 17.2%, and 25.0% developed macrovascular complications, and 28.9%,
27.6%, and 35.7% experienced any diabetes complications, respectively, over a median follow-up period of 8 years
(Supplementary Table 8). From those who died (n = 180) during the follow-up period, 30 (16.7%) had developed
microvascular complications, 68 (37.8%) macrovascular complications, and 79 (43.9%) any diabetes complications. So,

101 (56.1%) did not have any complications before death (Supplementary Table 9). The incidence rates in the whole

cohort were 20.1, 32.7, 46.7, and 28.5 per 1000 person-years for microvascular complications, macrovascular complica-
tions, any diabetes complications, and all-cause mortality, respectively. The incidence rates across BMI trajectory groups
are presented in Supplementary Table 10.

In comparison to the patients with “stable” BMI, those with “increasing” BMI had an increased risk of microvascular
complications (HR = 2.88, 95% CI: 1.32 to 6.28), of macrovascular complications (HR = 2.52, 95% CI: 1.17 to 5.43),
and of any diabetes complications (HR = 2.21, 95% CI: 1.16 to 4.20) with adjustment for age and sex. However, the
“decreasing” BMI group had similar risk of microvascular complications, macrovascular complications, or any diabetes
complications than the “stable” BMI group, when age and sex were adjusted (Table 2). Compared to the patients in the
“stable” group, those in the “decreasing” group had a higher risk of all-cause mortality (HR = 1.90, 95% CI: 1.14 to 3.15)
after adjusting for age and sex. However, there was no difference in the risk of mortality between the “increasing” group
and the “stable” group in the age- and sex-adjusted model (Table 2). The results from the sensitivity analyses are similar
to the findings from the primary analyses (Supplementary Table 11).

Discussion

Our study revealed three different longitudinal patterns of BMI development since T2D diagnosis and their associations
with adverse health outcomes. We found that a continuous increase in BMI elevated the risk of both microvascular and
macrovascular complications, whereas no association was found between a continuous reduction in BMI and the risk of
microvascular or macrovascular complications. Furthermore, we observed that a continuous BMI decrease was asso-
ciated with an increased risk of all-cause mortality, while no association existed between a continuous BMI increase and

all-cause mortality.
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BMI Trajectories and Diabetes Complications
In the findings of our three distinct BMI trajectories, the majority of the T2D patients were assigned to the “stable” BMI
trajectory (87.1%), followed by 9.8% in the “decreasing” BMI trajectory and 3.1% in the “increasing” BMI trajectory.
A limited number of studies have explored patterns of BMI growth in T2D patients. Two other studies which identified
three*” or four BMI trajectories®® consistently found that most (82.1-91.2%) of the T2D patients were grouped into the
trajectory with stable BMI, while the remaining T2D patients made up the trajectories with either increasing or
decreasing BMI. These findings demonstrated that a notable proportion of T2D patients have challenges with weight
control, which suggest that tracking developmental BMI trajectories since T2D diagnosis is crucial and helps emphasize
efficient weight management in diabetes care.

We demonstrated that the patients with “increasing” BMI were at a higher risk of both microvascular and macro-
vascular complications than those with “stable” BMI. Several factors could explain such findings. First, inflammation,
which is triggered by elevated body weight, contributes to the development of microvascular®® and macrovascular

41-43 1. . 1 444 46,4
3 lipids*+*° 647

complications.*® Second, higher BMI is associated with poor control of glycemia, and blood pressure

4850 and macro-

in patients with T2D. These metabolic conditions are associated with increased risk of microvascular
vascular complications.***'** However, we did not observe any difference in FPG, HbAlc or LDL levels between the
“increasing” BMI group and the “stable” BMI group during 2015-2022 (data not shown). This indicates that the
increased risk of microvascular and macrovascular complications in the “increasing” BMI group may not be solely
explained by worse glycemic and lipid control in our study. Moreover, we did not have any data on blood pressure, and
therefore we could not assess the difference in blood pressure between BMI trajectory groups during 2015-2022. Third,
age contributes to the development of macrovascular complications since it plays a crucial role in the deterioration of
cardiovascular functionality and is recognized as a risk factor for CVD in adults.”**>* The elevated risk of cardiovascular
diseases in patients with T2D increases with age at diagnosis.’>>® In our study, the patients especially in the “increasing”
BMI group were younger than those in the “stable” BMI group and the hazard ratios for both microvascular and
macrovascular complications become clearly significant after adjusting for age in model 2.

Several studies have evaluated the association of weight change with microvascular’’~®

and macrovascular compli-
cations in T2D patients.>® ¢! With respect to microvascular complications, a cohort study including 1083 T2D patients in
Germany measured the relative annual BMI change between before and after diabetes diagnosis and evaluated its impact
on microvascular complications during a median follow-up of 11.1 years.”’ In contrast to our findings, the German study
demonstrated that a reduction in BMI (>1% of BMI loss) was associated with a decreased risk of total microvascular
complications (as a composite of kidney disease, neuropathy, and retinopathy) in comparison to the patients with a stable
BMI (<1% of BMI gain/loss), while no association existed between an increase in BMI (>1% of BMI gain) and total
microvascular complications. Their results may be biased by the self-reported weight values after T2D diagnosis, as the
self-reported weight data is observed to overestimate the association between high BMI and worse health outcomes.®
Instead, the patients’ weight and height in our study were measured during healthcare visits, which can ensure high
accuracy and reliability in the analysis. In terms of macrovascular complications, a cohort study of 173,246 newly
diagnosed T2D patients in Korea measured the difference in body weight over the course of 2 years after T2D diagnosis
and its relationship to macrovascular complications risk during a median follow-up of 5.5 years.®® Consistent with our
findings, the Korean study observed that the patients with weight gain (>10%) were at a higher risk of developing stroke
than those who maintained stable weight, while no association was found in the weight loss group (>10%). Note that
previous studies used only two BMI measurements to investigate the effect of weight change on diabetes complications.
To accurately predict the risk of diabetes complications with weight management in T2D patients, it is recommended that
subsequent investigations should incorporate longitudinal BMI measurements, as exemplified in our study.

BMI Trajectories and All-Cause Mortality

We observed that the patients with “decreasing” BMI had an increased risk of all-cause mortality compared to those with
“stable” BMI. Comorbidities and smoking can contribute to weight decrease.®> ®° Large unintentional weight loss is indicative
of bone and muscle tissue loss and is related to increased mortality.*>®” In our study, adjusting for the status of cancer and
depression (occurred before assessing the incident all-cause mortality) did not change our results (data not shown), but BMI
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decrease may be caused by other comorbidities, smoking, or severity of diabetes. Furthermore, we found a null effect of
“increasing” BMI on all-cause mortality in T2D patients. This may indicate the existence of the “obesity paradox”, where T2D
patients with a higher BMI experience lower mortality rate than those with a normal BMI.**¢’

Consistent with our findings, a meta-analysis including eight studies concluded that weight loss in overweight or obese
patients with diabetes was associated with increased all-cause mortality, but no association was found in the weight gain
group.”® However, a recent cohort study of 28,438 Chinese T2D patients, based on the early 5-year BMI trajectory from
registration, showed that the patients with an increasing BMI development, ie, “early-increasing”, “late-sharp increasing”,
were at a higher risk of all-cause mortality than those with a stable BMI development (“medium-stable™).?® Such inconsistent
findings between the Chinese study and our study are probably due to the difference in mean baseline age of the patients with
continuous increase in BMI (62.0 years vs 52.9 years). Generally, life expectancy declines with age.”' Taken together, as the
effects observed so far are contradictory, further research is required to better understand the effect of longitudinal weight
change on all-cause mortality in T2D patients.

Strengths and Limitations

The long study period of total follow-up of 12 years enabled us to model the BMI trajectories and their impact on later-
onset diabetes complications and all-cause mortality. All patients diagnosed with T2D in 2011 or 2012 in the North
Karelia region were included to help eliminate selection bias. Furthermore, as previously mentioned, values of weight
and height were not self-reported, which ensured that there was negligible recall bias.

Some limitations of our study should be noted. First, the number of T2D patients ultimately encompassed in our
study is relatively small, and further studies with larger sample size are suggested to verify our results. The small
sample size might affect the precision of the estimates in the associations especially between the “increasing” BMI and
complications but to some extent also in the associations between the “decreasing” BMI and complications. Second, as
we rely on administrative register-based data, the measurements are not necessarily available at regular intervals and
thus the repeated measurements of BMI for trajectory analysis are not complete. This may lead to inadequate
characterization of within-subject variations in BMI development. This also impacts the accessibility of data on
potential confounding factors, as lifestyle factors like smoking or alcohol use are often not well-documented in
a structured format within EHRs. Third, we focused on T2D patients from a specific region in Finland, so, the
estimated BMI trajectory groups and their associations to outcomes may not be applicable to other populations.
Region-specific factors, including genetics, socioeconomic conditions, and environmental influences, could impact the
generalizability of our findings.

Conclusion

Our findings emphasize the importance of continuous BMI monitoring and weight management in T2D patients, especially
for early prevention of weight gain since T2D diagnosis. Our findings could inform personalized treatment to appropriately
manage weight and reduce the risk of diabetes complications. Further research is warranted to explore the factors
influencing both the BMI trajectories and their associations with treatment outcomes in patients with T2D.
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