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Background/Aims: Adiponectin, a hormone primarily produced by adipocytes, typically shows an inverse relationship with 
body mass index (BMI). However, some studies have reported a positive correlation between the two. Thus, this study aimed 
to examine the relationship between adiponectin level and BMI in diabetic patients, focusing on the impact of past obesity 
on current adiponectin levels.
Methods: We conducted an observational study analyzing data from 323 diabetic patients at Kyungpook National Universi-
ty Hospital. Based on past and current BMIs, participants were categorized into never-obese (nn, n = 106), previously obese (on, 
n = 43), and persistently obese (oo, n = 73) groups based on a BMI threshold of 25 kg/m2. Adiponectin level and BMI were 
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INTRODUCTION

Excessive fat accumulation is linked to adipose inflammation 
and systemic metabolic imbalances, contributing to various 
diseases such as cancer, type 2 diabetes, fatty liver, and 
cardiovascular disease [1-3]. Adipose tissue functions as an 
endocrine organ, releasing adipokines, notably adiponectin 
essential for energy homeostasis [4,5]. Produced by adipo-
cytes, adiponectin can enhance fatty acid oxidation and in-
hibit fat formation [6,7]. Relationships between adiponectin 
level and body mass index (BMI) are inconsistent. Although 
an inverse correlation between the two is commonly report-
ed [8,9], a positive correlation between the two has been 
observed in conditions such as liver cirrhosis [10] and obesity 
[11]. Thus, their relationship remains elusive [12].

In adiponectin knockout mice, an increase in insulin resis-
tance has been observed [13]. Intravenous administration of 
adiponectin can inhibit enzymes related to gluconeogenesis 
in the liver, thereby suppressing a rise in blood glucose level 
[14]. Low adiponectin level can predict metabolic syndrome 
[15] and diabetes risk [16], with low levels often preceding 
diabetes [17]. Effect of weight loss on adiponectin remains 
unclear, with some studies noting that weight loss can de-
crease adiponectin level [18] while others showing no signif-
icant relationship between the two [19]. 

Obesity and related health issues are increasing globally 
[20]. Weight loss is known to be effective in reducing met-
abolic risks [21]. However, many people regain weight after 
weight loss, suggesting a ‘metabolic memory’ [22-24]. Al-
though it is known that patients with diabetes often exhib-
it insulin resistance, little is known about effects of weight 
change and obesity on adiponectin levels in this population. 

Thus, this research aimed to investigate whether past body 
weight could influence current adiponectin levels in diabetic 
patients.

METHODS

Participants and study design
This was a retrospective cohort study involving diabetic 
patients admitted to the Department of Endocrinology at 
Kyungpook National University Hospital who agreed to 
participate in this research. Between 2010 and 2015, 323 
diabetic patients were recruited, including 155 males and 
168 females. We obtained each participant’s medical his-
tory, including information on underlying diseases and 
medications, duration of diabetic mellitus status, and past 
maximum weight, using a standardized questionnaire. All 
baseline assessments were conducted at Kyungpook Na-
tional University Hospital from January 2010 to November 
2015. The research design and protocol were reviewed and 
approved by the Institutional Review Board (IRB) of Kyung-
pook National University Hospital (IRB No: KNUH 2012-07-
036-001). All study subjects provided written informed con-
sent. Basic characteristics of patients included in the study 
are summarized in Table 1.

Clinical measurement
Current weight, height, waist circumference, hip circum-
ference, and blood pressure were measured. A survey was 
conducted to determine past maximum weight, the type of 
oral hypoglycemic agents currently being taken, insulin ad-
ministration status, and history of diabetes.

key variables. Kaplan–Meier analysis assessed their impact on all-cause mortality up to August 2023, with survival differences 
based on adiponectin quartiles and follow-up starting from patient enrollment (2010–2015).
Results: The analysis revealed a significant inverse correlation between adiponectin level and past maximum BMI. The on 
group exhibited approximately 10% lower adiponectin levels compared to the nn group. This association remained signifi-
cant after adjusting for current BMI, age, and sex, highlighting the lasting influence of previous obesity on adiponectin levels. 
Furthermore, survival analysis indicated that patients in the lowest adiponectin quartile had reduced survival, with a statisti-
cally significant trend (p = 0.062).
Conclusions: Findings of this study suggest that lower adiponectin levels, potentially reflecting past obesity, are associated 
with decreased survival in diabetic patients, underscoring a critical role of adiponectin in long-term health outcomes.
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Laboratory measurements
Among diabetic patients admitted to the Department of 
Endocrinology, blood samples were collected from partici-
pants who consented to this study specifically for measuring 
adiponectin. Serum samples were immediately frozen and 
stored at -70°C. Serum adiponectin concentrations were 
measured using a commercially available enzyme-linked im-
munosorbent assay (ELISA) kit (Human Adiponectin ELISA; 
BioVendor, Brno, Czech). All samples were measured in one 
run to minimize variability. In addition, we investigated vari-
ous parameters routinely assessed during hospital admission 
tests, including low-density lipoprotein (LDL) cholesterol, 
high-density lipoprotein (HDL) cholesterol, triglycerides (TG), 
fasting blood sugar (FBS), glycated hemoglobin (HbA1c), 
C-reactive protein (CRP), creatinine (Cr), sodium (Na), po-
tassium (K), aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT). Data for these parameters were ob-
tained from standard laboratory tests conducted at the time 
of patient admission.

Calculation of BMI and definition of obesity
Obesity was defined in accordance with the 2022 Update 
of the Clinical Practice Guidelines for Obesity by the Korean 
Society for the Study of Obesity [25]. In adults, this defini-
tion was operationalized when BMI–calculated as weight in 
kilograms divided by the square of height in meters–equaled 
or exceeded 25.0 kg/m2.

Kaplan–Meier analysis
Kaplan–Meier survival analysis was conducted to evaluate 
the association between adiponectin level and all-cause 
mortality. Participants were divided into quartiles based 
on their adiponectin levels. Survival differences were as-
sessed using the log-rank test. Mortality data were obtained 
from hospital records, national death registries, and family 
reports and further confirmed via the Clinical Data Ware-
house (CDW). All-cause mortality follow-up continued until 
August 2023, with statistical significance set at p < 0.05.

Table 1. Baseline clinical characteristics of patients in different groups

Variable All (n = 222) nn (n = 106) on (n = 43) oo (n = 73) p value

Age (yr) 60.64 ± 13.18 61.33 ± 14.43 61.65 ± 10.32 59.05 ± 12.79 0.451

Sex, male 102 (45.9) 53 (50.00) 23 (53.49) 26 (35.62) 0.090

Weight (kg) 61.58 ± 11.87 55.32 ± 7.51 60.97 ± 7.31 71.04 ± 13.06 < 0.001

Max weight (kg) 65.74 ± 12.85 57.91 ± 7.38 70.49 ± 11.07 74.31 ± 13.33 < 0.001

BMI (kg/m2) 23.88 ± 3.49 21.59 ± 1.60 23.13 ± 1.46 27.65 ± 3.16 < 0.001

Max BMI (kg/m2) 25.45 ± 3.71 22.57 ± 1.63 26.60 ± 1.59 28.94 ± 3.39 < 0.001

Height (cm) 160.30 ± 9.07 159.80 ± 8.57 162.27 ± 10.01 159.86 ± 9.17 0.286

Metabolic syndrome 129 (58.11) 48 (52.17) 26 (70.27) 55 (91.67) < 0.001

Waist (cm) 83.54 ± 9.10 79.10 ± 8.37 84.19 ± 6.72 90.02 ± 7.75 < 0.001

Hip (cm) 90.37 ± 9.81 85.86 ± 9.03 91.19 ± 6.41 96.89 ± 8.68 < 0.001

Waist-hip-ratio 0.93 ± 0.03 0.92 ± 0.03 0.92 ± 0.04 0.93 ± 0.04 0.314

Systemic blood pressure (mmHg) 126.75 ± 16.22 124.83 ± 17.21 126.23 ± 13.35 129.85 ± 16.02 0.123

Diastolic blood pressure (mmHg) 77.74 ± 14.21 76.43 ± 14.34 80.56 ± 14.20 77.97 ± 13.95 0.273

Sulfonylurea user 112 (50.45) 53 (50.00) 22 (51.16) 37 (50.68) 0.991

Metformin user 174 (78.38) 83 (78.30) 36 (83.72) 55 (75.34) 0.571

Alpha-glucosidase user 33 (14.86) 18 (16.98) 5 (11.63) 10 (13.70) 0.667

Insulin user 122 (54.95) 59 (55.66) 24 (55.81) 39 (53.42) 0.309

DM duration (yr) 12.28 ± 9.55 11.72 ± 9.46 12.44 ± 9.63 13.00 ± 9.71 0.674

Values are presented as mean ± standard deviation or number (%).
nn, never obese group (past non-obese, present non-obese); on, formerly obese group (past obese, present non-obese); oo, per-
sistently obese group (past obese, present obese); BMI, body mass index; Waist, waist circumference; Hip, hip circumference; DM, 
diabetes mellitus.
One-way ANOVA is used to compare means of the three groups.
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Statistical analysis
Cox proportional hazards regression was applied to eval-
uate the relationship between adiponectin level and mor-
tality after adjusting for confounders such as age, sex, and 
current BMI. All statistical analyses were performed using 
R software (version 4.2.0), with hazard ratios reported 
alongside 95% confidence intervals. Comparisons between 
measurements were conducted using Student’s t-test. Cor-
relations between adiponectin and other variables were 
assessed using Spearman’s rank and Pearson’s correlation 
coefficients. Kaplan–Meier curves were generated using 
the ‘survival’ package in R. Statistical significance was de-
termined at a threshold of p < 0.05. Additional R packages, 
including ‘survey’, ‘corrplot’, ‘moonBook’, ‘dplyr’, ‘ggplot2’, 
and ‘matchit’, were also utilized for various analyses.

RESULTS

Grouping based on the presence of obesity in 
patients, both current and historical
In a study conducted at the Department of Endocrinology 
and Metabolism of Kyungpook National University Hospital 
between 2010 and 2015, 323 diabetic patients consented 
to participate. They underwent blood sampling and a sur-
vey. In the cohort, males accounted for 48%. Of the study 
cohort, the average age was 59.9 ± 13.9 years and the av-
erage diabetes duration was 12.8 ± 9.9 years. Their current 
average body weight was 61.0 ± 12.1 kg. After excluding 
101 patients due to type 1 diabetes, missing data, age be-
low 20, BMI below 18.5 kg/m2, or use of thiazolidinediones 
[26] which could affect adiponectin levels, 222 patients 
were analyzed (Supplementary Table 1).

To determine the impact of past body weight on currently 
non-obese patients, groups were categorized based on a BMI 
threshold of 25 kg/m2. Those with 18.5 kg/m2 ≤ BMI < 25  
kg/m2 were classified as non-obese (n). Those with BMI ≥ 
25 kg/m2 were classified as obese (o). Grouping was done 
based on past maximum weight and current weight into past 
non-obese/current non-obese (nn, n = 106), past obese/cur-
rent non-obese (on, n = 43), past obese/current obese (oo,  
n = 73), and past non-obese/current obese (no, n = 0) (Fig. 1).

Correlation between adiponectin and 
maximum BMI
Linear regression analysis indicated a negative correlation  

between prior maximal BMI and adiponectin level (R² 
= 0.03, p = 0.01) (Fig. 2A). However, adiponectin level 
showed weaker correlations with current BMI (R² = 0.012, 
p = 0.01; Fig. 2B), past maximum weight (R² = 0.016,  
p = 0.061; Fig. 2C), and current weight (R² = 0.004,  
p = 0.33; Fig. 2D). This pattern suggests that effects of pre-
vious obesity on adiponectin levels persist over time. The 
association between adiponectin and current BMI or weight 
was less pronounced, pointing to a more substantial long-
term metabolic influence of historical obesity on adiponec-
tin regulation.

Figure 1. Study design for participant selection. A total of 323 
diabetes patients were initially screened. Among these, 101 pa-
tients were excluded due to missing data, type 1 DM, age under 
20, or use of thiazolidinedione medication. The remaining 222 
T2DM patients were enrolled for analysis. Of these, 149 patients 
were identified as being non-obese. The non-obese group was 
further divided into three subgroups: nn (never obese, n = 106), 
on (formerly obese/present non-obese, n = 43), and oo (per-
sistently obese, n = 73). DM, diabetes mellitus; T2DM, type 2 
diabetes mellitus; BMI, body mass index.
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Adiponectin serves as a unique metabolic 
marker indicating past obesity
Adiponectin levels showed statistically significant differ-
ences among the three groups, with the lowest levels ob-
served in patients who were obese in the past but currently 
of normal weight. However, adiponectin level showed no 
correlation with sex, age, waist circumference, HbA1c, or 
LDL cholesterol, although it was traditionally associated 
with them (Table 1, 2). Adiponectin levels were found to be 
significantly different among groups (average level: 8.72 ± 
5.73 µg/mL in the nn group, 6.63 ± 3.42 µg/mL in the on 
group, and 9.52 ± 6.23 µg/mL in the oo group, p = 0.025). 
This suggests that adiponectin levels are influenced by obe-
sity status history, with the previously obese group showing 
lower levels even after returning to a non-obese state. Oth-
er measured parameters, including CRP, HbA1c, FBS, lipid 
profile (LDL, HDL, TG), liver enzymes (AST, ALT), urine ACR, 

and Cr, did not show significant differences across groups  
(p > 0.05 for all). These findings highlight the unique rela-
tionship between historical obesity and current adiponectin 
level, independent of other common metabolic markers.

Past obesity continues to influence current 
adiponectin levels after adjusting for age, sex, 
and current BMI
Adiponectin levels in adults are known to vary according to 
age, sex, and current BMI [27]. In our cohort, distribution 
of adiponectin levels differed significantly according to past 
obesity status. Specifically, individuals with a history of obe-
sity (on group) exhibited a distribution that was left-skewed 
towards lower adiponectin levels compared to those who 
were never-obese (nn group) or ever-obese (oo group)  
(Fig. 3A).

After adjusting for age, sex, and current BMI, adiponectin 

R2 = 0.03, p = 0.01

R2 = 0.016, p = 0.061 R2 = 0.0043, p = 0.33
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Figure 2. Linear regression curve showing correlation between adiponectin and mBMI. Relationships between adiponectin level and dif-
ferent measures of wt and BMI in patients were determined. Each dot represents an individual participant, with the blue line indicating 
linear regression fit and the shaded area representing 95% confidence interval. Correlation coefficient (R) and p value are shown on the 
plot. (A) Correlation between adiponectin level and past mBMI. (B) Correlation between adiponectin level and current BMI. (C) Correla-
tion between adiponectin level and past mwt. (D) Correlation between adiponectin level and current wt. The blue line indicates the linear 
regression fit and the shaded area represents the 95% confidence interval. mBMI, maximum body mass index; BMI, body mas index; 
mwt, maximum body weight; wt, body weight.
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levels were significantly different among groups. The esti-
mated mean adiponectin level was 8.30 ± 0.66 µg/mL for 
the nn group, 6.86 ± 0.86 µg/mL for the on group on, and 
9.50 ± 0.91 µg/mL for the oo group, as shown in Table 3.  
The 95% confidence intervals for these estimates were 
6.99–9.60 µg/mL for the never-obese group, 5.17–8.55  

µg/mL for the formerly obese/current non-obese group, and 
7.71–11.29 µg/mL for the persistently obese group. These 
reductions were statistically significant. This indicates that 
past obesity has a lasting impact on adiponectin levels, inde-
pendent of current body weight. The oo group had higher 
adjusted adiponectin levels than the nn and on groups, sug-

Table 2. Baseline laboratory characteristics of patients in three groups

Variable All (n = 222) nn (n = 106) on (n = 43) oo (n = 73) p value

Adiponectin (μg/mL) 8.58 ± 5.61 8.72 ± 5.73 6.63 ± 3.42 9.52 ± 6.23 0.025

CRP (mg/L) 0.66 ± 2.06 0.63 ± 2.35 0.31 ± 0.73 0.90 ± 2.13 0.322

HbA1c (%) 9.41 ± 2.33 9.70 ± 2.52 9.49 ± 1.94 8.94 ± 2.20 0.099

FBS (mg/dL) 171.65 ± 67.03 179.77 ± 66.67 167.98 ± 70.78 162.55 ± 65.85 0.237

LDL (mg/dL) 101.05 ± 34.88 101.00 ± 35.44 97.65 ± 30.85 103.14 ± 36.55 0.717

HDL (mg/dL) 47.09 ± 18.80 49.23 ± 21.34 46.47 ± 15.13 44.36 ± 16.54 0.229

TG (mg/dL) 143.36 ± 108.69 136.25 ± 135.39 134.93 ± 55.78 158.78 ± 85.98 0.342

AST (IU/L) 26.65 ± 21.62 26.02 ± 19.05 26.02 ± 27.13 27.93 ± 21.77 0.827

ALT (IU/L) 27.77 ± 25.20 26.29 ± 26.16 26.58 ± 19.97 30.60 ± 26.57 0.503

Urine ACR (mg/g) 288.84 ± 1252.48 260.35 ± 810.19 161.71 ± 554.38 405.10 ± 1911.54 0.571

Cr (mg/dL) 1.01 ± 1.12 0.89 ± 0.39 1.00 ± 0.51 1.19 ± 1.85 0.199

Values are presented as mean ± standard deviation.
nn, never obese group (past non-obese, present non-obese); on, formerly obese group (past obese, present non-obese); oo, per-
sistently obese group (past obese, present obese); CRP, C-reactive protein; HbA1c, glycated hemoglobin; FBS, fasting blood sugar; 
LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; ACR, albumin-to-creatinine ratio; Cr, creatinine.
One-way ANOVA was used to compare means of the three groups.
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gesting complex interactions between past/current obesity 
status and adiponectin regulation.

Past obesity has a lasting impact on 
adiponectin levels and prognosis, even when 
current BMI is normalized
To determine whether adiponectin levels could influence 
actual survival rates of patients, we performed a survival 
analysis using Kaplan–Meier estimation. While there was 
no significant difference in overall survival rate among the 
entire cohort (data not shown), we hypothesized that pa-
tients with lower adiponectin levels could have a harsher 
prognosis and that more pronounced differences in survival 

could be observed in this group [28] (Supplementary Fig. 1). 
Therefore, we conducted Kaplan–Meier survival curve anal-
ysis for each group based on the bottom 25% of adiponec-
tin levels (Fig. 4A). The nn group demonstrated a higher 
probability of remaining above the lower 25% threshold 
compared to on and oo groups. Survival probabilities for the 
nn group consistently remained higher over time, indicating 
better adiponectin level retention in this group. Summary 
statistics for the lower 25% adiponectin levels are provided 
in Fig. 4B and Table 4. These results indicate that individuals 
in the nn group maintain significantly higher adiponectin 
levels than those in on and oo groups. Statistical analysis 
highlighted significant differences in lower 25% adiponec-

Table 3. Estimated adiponectin levels after adjusting for age, sex, and BMI

Group Estimated means Standard error
95% confidence interval

Lower estimated level Higher estimated level

Adiponectin (µg/mL)

nn (n = 106) 8.30a) 0.66 6.99 9.60

on (n = 43) 6.86a) 0.86 5.17 8.55

oo (n = 73) 9.50a) 0.91 7.71 11.29

BMI, body mass index; nn, never obese group (past non-obese, present non-obese); on, formerly obese group (past obese, present 
non-obese); oo, persistently obese group (past obese, present obese).
a)Adjusted for age, sex, and BMI.

Figure 4. Survival analysis by Kaplan–Meier estimation curve of patients in the bottom 25% of adiponectin levels across groups. (A) 
Kaplan–Meier survival curves comparing the probability of remaining above the lower 25% threshold of adiponectin levels over time for 
three groups: nn (never obese), on (formerly obese/present non-obese), and oo (persistent obese). Curves illustrate the proportion of indi-
viduals in each group who maintained adiponectin levels above the lower 25% threshold. (B) Summary statistics table of the lower 25% 
adiponectin levels for each group. Comparative analysis table of the lowest 25% adiponectin levels across three groups: nn, on, and oo. It 
includes mean adiponectin levels, standard deviations, and 95% confidence intervals for each group, focusing on adiponectin concentra-
tions in the lowest quartile.
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tin levels among groups. This suggests that past obesity has 
a lasting impact on adiponectin levels, even when current 
BMI is normalized. Consistently higher survival probabilities 
and mean adiponectin levels in the nn group underscore 
long-term benefits of never having been obese.

DISCUSSION

This is the first study to confirm metabolic memory of ad-
iponectin in diabetic patients who have been previously 
obese but have since returned to a normal weight, showing 
that their adiponectin levels remain lower than patients who 
have maintained a normal weight. Adiponectin showed a 
clearer negative correlation with past maximum BMI than 
with current BMI. This association remained significant even 
after adjusting for age, sex, and current BMI.

Previous research using mouse models has indicated that 
weight loss in obese mice does not completely resolve the 
activation of adipose tissue macrophages, with persistent 
expression of inflammatory cytokines such as IL-6, IL-1β, 
and TNF-α in adipose tissues [29]. Adiponectin is known to 
have a strong negative correlation with visceral fat [30,31]. 
The expression of TNF-α, which inhibits the promoter of ad-
iponectin, increases with accumulation of visceral fat [32]. 
Increases of visceral adipose tissue and cell size are asso-
ciated with local and systemic inflammation and increased 

insulin resistance [33]. This suggests that inflammation in 
adipocytes activated by previous obesity cannot be fully re-
versed by weight loss. The effect of TNF-α, which inhibits 
adiponectin, may persist even if weight is regained, leading 
to sustained lower levels of adiponectin.

The relationship between adiponectin and weight has 
shown mixed results, with some studies indicating a neg-
ative correlation while others showing a positive correla-
tion of adiponectin with current weight. In this study, even 
among patients who are currently of normal weight, those 
with a history of obesity have lower adiponectin levels. This 
suggests that metabolic memory of past weight status may 
contribute to discordance observed in previous studies re-
garding the relationship between obesity and adiponectin 
levels.

In addition, the higher-than-expected adiponectin levels 
observed in the oo group (Table 2) might be attributed to 
the complex regulatory mechanisms of adiponectin, which 
are influenced by factors beyond current BMI, such as fat 
distribution, inflammation, and metabolic adaptation. This 
phenomenon aligns with the concept of the ‘adiponectin 
paradox,’ where elevated adiponectin levels in some obese 
individuals may serve as a compensatory response to chron-
ic metabolic stress [34]. Furthermore, in individuals with 
long-standing obesity, metabolic adaptation over time may 
result in adiponectin levels that do not strictly follow the 
expected inverse correlation with BMI. While the on group 

Table 4. Clinical and laboratory characteristics of patients in low Q1 adiponectin groups

Variable nn (n = 20) on (n = 16) oo (n = 20) p value

Age (yr) 58.9 ± 16.6 65.3 ± 9.1 59.9 ± 12.5 0.321

Sex, male 11 (55.0) 8 (50.0) 6 (30.0) 0.248

Weight (kg) 56.6 ± 5.8 60.1 ± 7.8 69.1 ± 10.6 < 0.001

Max weight (kg) 58.7 ± 6.2 68.6 ± 11.2 73.2 ± 12.3 < 0.001

BMI (kg/m2) 22.0 ± 1.6 23.3 ± 1.6 27.4 ± 2.1 < 0.001

Max BMI (kg/m2) 22.9 ± 1.8 26.5 ± 1.7 29.0 ± 2.8 < 0.001

DM duration (yr) 12.1 ± 9.1 15.2 ± 9.2 15.2 ± 7.9 0.452

Adiponectin (μg/mL) 3.4 ± 0.7 3.3 ± 0.8 3.4 ± 1.1 0.639

HbA1c (%) 9.6 ± 2.2    9.6 ± 2.0 9.5 ± 2.2 0.866

LDL (mg/dL) 87.9 ± 33.9 91.1 ± 29.0 98.3 ± 40.6 0.634

Cr (mg/dL) 0.9 ± 0.5 1.0 ± 0.5 1.0 ± 0.5 0.800

Values are presented as mean ± standard deviation or number (%).
nn, never obese group (past non-obese, present non-obese); on, formerly obese group (past obese, present non-obese); oo, per-
sistently obese group (past obese, present obese); BMI, body mass index; LDL, low-density lipoprotein; Cr, creatinine.
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(individuals with a history of obesity but now at normal 
weight) exhibited lower adiponectin levels, possibly due to 
recent metabolic stress or effects of weight loss, those in the 
oo group might have reached a more stable metabolic state, 
leading to distinct patterns of adiponectin regulation. These 
findings suggest that adiponectin levels are influenced not 
only by current obesity status, but also by past obesity, 
metabolic memory, and the body’s adaptive mechanisms. 
Additionally, when analyzed separately by sex, the correla-
tion between adiponectin levels and both past maximum 
BMI and body weight was very weak for both males and 
females, as indicated by the low R² values and non-signif-
icant p values, suggesting no significant gender-specific 
relationship between past obesity measures and current ad-
iponectin levels (Supplementary Fig. 2). This underscores the 
need for further research into the role of past obesity and 
metabolic memory in the regulation of adiponectin.

Patients with genetically low adiponectin levels have 
been shown to exhibit higher incidences of hypertension, 
dyslipidemia, and impaired glucose metabolism, including 
diabetes [35]. Studies on Pima Indians have demonstrated 
that individuals with lower adiponectin levels are more likely 
to develop diabetes than those with higher levels [36]. Ad-
ditionally, in patients undergoing metabolic surgery, those 
with smaller increases in adiponectin post-surgery have 
lower remission rates of type 2 diabetes [37]. Clinically, ad-
iponectin is known to have protective effects against major 
vascular complications such as cardiovascular disease in dia-
betic patients [38]. Baseline adiponectin levels are inversely 
correlated with incidence of cardiovascular and renal dis-
eases in hypertensive patients [38]. Paradoxically, however, 
higher adiponectin levels have been associated with poor 
prognosis in heart failure patients [34]. While most studies 
have indicated that low adiponectin levels are associated 
with increased metabolic disorders and higher cardiovascu-
lar risk, there is still controversy. Mechanisms by which adi-
ponectin influences these diseases are not fully understood 
yet. Current hypotheses suggest that adiponectin can bind 
to its receptors, activate the AMPK pathway, increase glu-
cose utilization and fatty acid oxidation, ultimately enhanc-
ing insulin sensitivity [39-44].

Based on our findings, diabetic patients with a history 
of obesity have significantly lower adiponectin levels than 
those who have maintained normal weight, potentially in-
creasing their risk of cardiovascular disease. Therefore, it 
is essential to implement more rigorous risk management 

and treatment strategies for patients with low adiponectin 
levels, even if they currently have a normal BMI. This study 
has limitations as a retrospective cohort study, such as not 
being able to determine the long-term impact of reduced 
adiponectin level on metabolic syndrome or diabetes com-
plications between on and nn groups. Additionally, this 
study did not take into account cases of rapid weight loss 
due to conditions such as acute hyperglycemia. This might 
have influenced our results, particularly in cases where rapid 
weight loss negatively impacted prognosis. Because data on 
maximum weight were self-reported, we could not deter-
mine the exact timing of maximum weight or the duration 
of weight stability before study enrollment. This limitation 
made it difficult to assess whether weight changes occurred 
over a short or long period. As a result, potential confound-
ing effects, such as short-term weight fluctuations or rapid 
weight loss due to diabetes, could not be fully addressed in 
this study. To address these limitations, future delicate lon-
gitudinal studies are necessary. Such studies should include 
more detailed assessments of the timing and duration of 
weight changes, allowing for a more precise analysis of how 
past obesity and rapid weight fluctuations impact current 
metabolic health and long-term outcomes. Furthermore, 
the reduced survival observed in the ‘on’ group could be 
partially explained by physiological impacts of rapid weight 
changes, which have been linked to adverse metabolic and 
cardiovascular outcomes. Addressing effects of rapid weight 
loss may provide additional insights into the mechanism(s) 
behind the poorer survival rate in this group.

KEY MESSAGE
1.	 This study shows that current adiponectin levels 

have an inverse relationship with past maximum 
BMI in type 2 diabetic patients.

2.	 Individuals with a history of obesity exhibit a legacy 
effect, with approximately 10% lower adiponectin 
levels compared to those who have never been 
obese, even after adjusting for current BMI, age, 
and sex.

3.	Lower adiponectin levels, potentially influenced by 
past obesity, are associated with reduced survival 
rates in diabetic patients, as evidenced by Kaplan–
Meier survival analysis over a span of 4,000 days.
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Supplementary Table 1. Adiponectin levels by diabetes medication use

Medication Non-user adiponectin User adiponectin p value

Sulfonylurea 8.67 ± 5.70 8.49 ± 5.55 0.8114

Metformin 8.65 ± 5.68 8.33 ± 5.42 0.7335

Alpha-Glucosidase 8.39 ± 7.08 8.61 ± 5.34 0.8368

Insulin 8.62 ± 5.56 8.55 ± 5.68 0.924

Values are presented as mean ± standard deviation.
Adiponectin levels between users and non-users of various diabetes medications (sulfonylureas, metformin, alpha-glucosidase in-
hibitors, and insulin) were compared.
p values from t-tests indicate whether there is a statistically significant difference between the two groups for each medication.
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A b
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Supplementary Figure 1. Survival analysis with Kaplan–Meier estimation curves for each adiponectin quartile (except Q1-Fig. 4A) strati-
fied by group (nn, on, oo). Kaplan–Meier survival curves for the second adiponectin quartile (A) Q2, (B) Q3, (C) Q4 stratified by group (nn, 
on, oo). Survival probabilities are shown over time, with the number of participants at risk displayed below the curve.
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Supplementary Figure 2. Linear regression curves showing relationships of adiponectin levels with past max body mass index (BMI) and 
max weight, stratified by gender. Each dot represents an individual participant. Blue (for males) and red (for females) lines indicate linear 
regression fit, with shaded areas representing 95% confidence intervals. R2 and p values are displayed on the plots. (A) Correlation be-
tween adiponectin level and past max BMI in males. (B) Correlation between adiponectin level and past max BMI in females. (C) Correla-
tion between adiponectin level and past max weight in males. (D) Correlation between adiponectin level and past max weight in females. 
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