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The obesity paradox describes a counterintuitive phenomenon where overweight or mildly obese individuals with chronic diseases show better survival compared to those with normal weight. While this paradox has been reported in conditions such as heart failure and type 2 diabetes, its presence in type 1 diabetes (T1D) remains uncertain. This mini review summarizes current evidence from large cohort studies and a meta-analysis examining the association between body mass index (BMI) and clinical outcomes in individuals with T1D. Most findings do not support a protective effect of higher BMI; instead, both underweight and obesity are associated with increased risks of cardiovascular events and all-cause mortality. Notably, some evidence suggests that individuals with advanced diabetic nephropathy or chronic kidney disease (CKD) may show the lowest mortality at mildly elevated BMI levels. However, these observations may reflect the limitations of using BMI alone to evaluate obesity. Given that individuals with T1D often have reduced skeletal muscle mass, and that those with advanced diabetic complications or comorbidities such as CKD or cancer may develop cachexia, body composition analysis is essential. Accurate assessment of fat mass, muscle mass, bone mass, and water content is critical for understanding obesity-related risks. Future research should integrate body composition metrics to improve risk stratification in T1D.
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1 Introduction

The obesity paradox refers to a phenomenon in which, contrary to the general understanding that obesity increases the risk of cardiovascular (CV) disease and mortality, individuals with preexisting conditions such as heart failure (1, 2), chronic kidney disease (CKD) (3), or type 2 diabetes (T2D) (4) exhibit higher survival rates when classified as “overweight to mildly obese” (approximately body mass index (BMI) 25 to 30 kg/m²) compared to those with normal or low body weight. Several hypotheses have been proposed to explain this paradox, including (a) bias resulting from the tendency of such patients to become underweight and malnourished due to the effects of the disease itself (5), (b) confounding factors such as smoking (6), (c) limitations of BMI in capturing differences in muscle mass and fat distribution (7–9), (d) reduced sympathetic activation observed in conditions such as obesity and heart failure (10), and (e) increased energy expenditure and muscle catabolism caused by inflammation and elevated metabolic demands in chronic illnesses, with greater fat and muscle reserves potentially acting as protective nutritional buffers (11). However, causal validation through well designed studies including randomized controlled trials remains limited, and it is still unclear whether this paradox represents a universal phenomenon.

The obesity paradox in patients with diabetes remains a subject of ongoing debate. However, emerging evidence suggests that observed outcomes vary depending on patient demographics and the clinical characteristics of the disease. One cohort study reported that a BMI in the overweight range (25 to 30 kg/m²) was associated with the lowest risk of all-cause mortality and CV events, indicating a more favorable prognosis (12). In contrast, another study demonstrated that the obesity paradox was not observed among non-smokers (13). Furthermore, an analytical review concluded that the obesity paradox is largely driven by reverse causation and confounding factors, particularly smoking and severe comorbid conditions, and that obesity is in fact associated with increased mortality (14). These findings raise the question of whether the obesity paradox is also present in individuals with type 1 diabetes (T1D). Although both T1D and T2D are characterized by chronic hyperglycemia, they are fundamentally distinct in terms of their underlying pathophysiological mechanisms. In recent years, the prevalence of obesity has increased among individuals with T1D (15). Nevertheless, obesity remains more prevalent in those with T2D (16), and while it plays a major role in the pathogenesis of T2D, it is not directly implicated in the development of T1D (17). In this mini review, the author summarizes previous clinical studies to evaluate whether the obesity paradox exists in individuals with T1D. The author further discusses its potential underlying mechanisms and the clinical implications that should be considered in patient care.




2 Current evidence

The study by Edqvist et al. (18) evaluated the relationship between BMI and adverse outcomes in individuals with T1D, utilizing data from the Swedish National Diabetes Register. A total of 26,125 patients without established CV disease were followed for a median duration of 10.9 years. For all-cause mortality, the overall incidence rate (per 1,000 person years) was 3.92 (95% confidence interval (CI), 3.68 to 4.16). Among patients with normal BMI (18.5 to less than 25 kg/m²), the rate was 3.83, increasing to 3.95 in the overweight group (25 to less than 30 kg/m²), and further to 4.39 in the obese group (30 kg/m² or higher). CV mortality followed a similar trend. The overall incidence was 1.30 (95% CI, 1.16 to 1.44); within the normal BMI group, the rate was 1.18, rising to 1.42 in the overweight group and to 1.67 in the obese group. For major CV events, the overall incidence was 5.69 (95% CI, 5.40 to 5.99). Individuals with normal BMI had a rate of 4.99, compared with 6.58 and 6.94 in the overweight and obese groups, respectively. Regarding hospitalization for heart failure, the overall incidence was 2.22 (95% CI, 2.04 to 2.41), with corresponding rates of 1.84 in the normal weight group, 2.72 in the overweight group, and 2.85 in the obese group. These findings demonstrate a consistent increase in adverse outcomes with higher BMI, thereby challenging the concept of an obesity paradox in individuals with T1D. Rather than conferring protective effects, higher BMI was independently associated with elevated risks of CV events, heart failure, and mortality. The authors emphasized that excess adiposity in T1D negatively affects long term outcomes and that weight management should be prioritized as an important clinical target.

A longitudinal cohort study from the Finnish Diabetic Nephropathy study examined the association between BMI and mortality in individuals with T1D (19). Among 6,957 adults initially identified, a final sample of 5,836 individuals was included in the mortality analysis after excluding those with unknown renal status, age at diagnosis greater than 40 years, and inadequate follow-up. Over a median follow-up of 13.7 years, 876 deaths occurred. Using World Health Organization BMI categories, underweight individuals exhibited a markedly increased risk of mortality compared with those of normal weight (hazard ratio (HR) = 4.26; 95% CI, 2.84 to 6.39), whereas obese individuals had a 25% higher mortality risk (HR = 1.25; 95% CI, 1.01 to 1.54), and overweight individuals demonstrated a modest reduction in mortality risk (HR = 0.86; 95% CI, 0.74 to 0.99). A reverse J-shaped relationship was observed between BMI and all-cause mortality, while a U-shaped association was seen for CV mortality. The BMI associated with the lowest risk of mortality was 24.3 kg/m² for all-cause mortality and 24.8 kg/m² for CV mortality. These nonlinear associations remained significant after adjustment for diabetic nephropathy (DN) status, chronic kidney disease (CKD) status, systolic blood pressure, use of antihypertensive agents, and hemoglobin A1c (HbA1c). The relationship between BMI and mortality differed significantly by DN status, but not by CKD status as defined by estimated glomerular filtration rate. Among individuals without DN or CKD, the nadir BMI associated with the lowest mortality was 24.0 kg/m², whereas in those with DN or CKD, the nadirs were 26.1 and 25.9 kg/m², respectively. Moreover, the association between BMI and mortality varied significantly by sex and age at diabetes onset, but not by chronological age, HbA1c, or smoking history. In summary, this study provides evidence that both low and high BMI are associated with increased mortality in individuals with T1D, with optimal survival observed at BMI levels within the normal to mildly elevated range. Although the study does not provide a definitive conclusion regarding the presence or absence of the obesity paradox, it underscores the importance of diabetes-related complications, such as renal function and DN, along with demographic factors, in discussions of BMI-related mortality.

An observational study investigated whether obesity and diabetes influence short-term survival following out-of-hospital cardiac arrest (20). A total of 55,483 adult cases were identified in the Swedish Registry of Cardiopulmonary Resuscitation between January 1, 2010, and December 31, 2020. Among these, 12,700 individuals (22.9%) had a history of obesity, diabetes, or both conditions. Individuals with obesity alone (n = 1,516) were younger, with a mean age of 62.0 years. Patients with T1D (n = 432) had a mean age of 64.7 years, whereas those with T2D (n = 9,026) had the highest mean age, at 75.1 years. The prevalence of CV comorbidities such as hypertension and heart failure was notably higher in groups with diabetes or obesity compared to those without these conditions. Thirty-day survival rates were 12.7% in the reference group without obesity or diabetes (n = 43,467), 9.6% in the obesity alone group, 10.6% in the T1D group, 7.3% in the T2D group, and 6.9% in the group with both obesity and diabetes (n = 1,762). After adjustment for age and sex, the odds ratio (OR) for thirty-day survival was 0.69 (95% CI, 0.57 to 0.82) for individuals with obesity alone, 0.78 (95% CI, 0.56 to 1.05) for those with T1D, 0.65 (95% CI, 0.59 to 0.71) for those with T2D, and 0.55 (95% CI, 0.45 to 0.66) for individuals with both obesity and diabetes. Further adjustment for location of arrest, time to resuscitation, and initial cardiac rhythm did not substantially alter these associations. These findings do not support the presence of an obesity paradox in individuals with diabetes. The presence of obesity did not improve survival, and among individuals with both obesity and diabetes, survival was significantly reduced. However, whether an obesity paradox exists in individuals with T1D remains unclear, as the analysis did not separately assess individuals with both obesity and T1D or those with both obesity and T2D.

Although only three studies were included in the analysis, Jung and colleagues (21) conducted a systematic review and meta-analysis to investigate the risk of all-cause mortality across different BMI categories among individuals with T1D. The study by Dahlström (19), mentioned above, was one of the three studies included. This systematic review and meta-analysis incorporated data from 23,047 patients drawn from three longitudinal cohort studies (19, 22, 23). BMI categories were defined according to the World Health Organization classification, with the reference group consisting of individuals with normal weight, defined as a BMI between 18.5 and less than 25 kg/m². The pooled HR for the underweight group (BMI less than 18.5 kg/m²) was 3.38 (95% CI, 1.67 to 6.85). In contrast, individuals in the overweight category (BMI 25 to 30 kg/m²) had an HR of 0.90 (95% CI, 0.66 to 1.22), indicating no significant difference in mortality. For individuals classified as obese (BMI 30 kg/m² or higher), the pooled HR was 1.36 (95% CI, 0.86 to 2.15). Heterogeneity across the three studies was moderate to high for all non-reference categories; however, the directional trends were consistent. In summary, the authors found no evidence supporting the existence of the so-called obesity paradox in individuals with T1D. However, the findings suggest a U-shaped relationship between BMI and mortality, with the lowest risk observed among individuals in the normal BMI range. Both underweight and, to a lesser extent, obesity were associated with increased mortality risk. These results show the importance of maintaining an appropriate weight range in the management of T1D and highlight the need for future research on the role of body composition and metabolic health.

Table 1 summarizes the results of the aforementioned studies.


Table 1 | Clinical studies on the obesity paradox in individuals with type 1 diabetes.
	Author, Year
	Study design
	Participants
	Main findings



	Edqvist et al., 2019 (18)
	Prospective cohort study
	26,125 individuals with T1D
Age: 33.3 ± 13.0 years; 44.5% women
BMI 24.8 ± 3.6 kg/m2 (baseline)
	Higher BMI was associated with an increased risk of heart failure, cardiovascular events, and mortality in men. No obesity paradox was observed after excluding factors related to reverse causality.


	Dahlström et al., 2019 (19)
	Prospective cohort study
	5,836 individuals with T1D
Age: 38.9 years; 51.3% men
BMI: 25.0 ± 3.6 kg/m2 (in 1990s), 25.2 ± 3.7 kg/m2 (in 2000s), 26.4 ± 4.6 kg/m2 (in 2010s)
	A reverse J-shaped association between BMI and mortality was observed in patients with DN. A higher BMI (approximately 26 kg/m²) appeared to be protective in those with DN or CKD, suggesting a possible obesity paradox.


	Hjalmarsson et al., 2023 (20)
	Registry-based observational cohort study
	55,483 OHCA cases; 1,516 with obesity alone, 432 with T1D, 9,026 with T2D, 1,762 with obesity and diabetes
Age: No description
BMI: No description
	Obesity, either alone or in combination with diabetes, was associated with reduced 30-day survival after OHCA. No obesity paradox was observed.


	Jung et al., 2023 (21)
	Systematic review and meta-analysis
	3 prospective studies, 23,407 adults with T1D; 50.8–55.0% men
Age 28–39.5 years
BMI: No description
	Being underweight was significantly associated with increased mortality, whereas no significant difference in mortality was observed among individuals who were overweight or obese.





Some values are presented as mean ± standard deviation. T1D, type 1 diabetes; BMI, body mass index; DN, diabetic nephropathy; CKD, chronic kidney disease; OHCA, out-of-hospital cardiac arrest; T2D, type 2 diabetes.






3 Discussion

Recent investigations have explored the validity of the obesity paradox in individuals with T1D. Large prospective cohort studies, including those conducted in Sweden and Finland, have consistently demonstrated that a higher BMI is not associated with improved survival in this population. Instead, a nonlinear relationship has been observed, whereby both low and high BMI are linked to increased risks of all-cause and CV mortality. Collectively, these findings suggest that the optimal BMI range for favorable long-term outcomes lies within the normal to mildly elevated category. Notably, the Swedish National Diabetes Register study reported a graded increase in adverse CV events and mortality with increasing adiposity, underscoring the detrimental impact of excess body weight even in individuals without baseline CV disease. Similarly, findings from the Finnish Diabetic Nephropathy cohort indicated that the relationship between BMI and mortality is further modified by diabetes-related complications, such as nephropathy and impaired kidney function. In the context of acute events, such as out-of-hospital cardiac arrest, national registry data likewise failed to demonstrate any survival advantage associated with obesity or its coexistence with diabetes. These results further challenge the hypothesis that excess body weight confers cardiometabolic resilience in individuals with T1D. Complementing these findings, a recent systematic review and meta-analysis synthesizing data from multiple cohorts concluded that the obesity paradox is not supported in this population. However, maintaining a healthy body composition appears to be a critical goal for mitigating long-term mortality risk. Future research should investigate the roles of fat distribution, skeletal muscle mass, and overall metabolic health to refine individualized management strategies.

The number of individuals with T1D who are also obese is increasing, and debate continues regarding both the impact of obesity on the pathophysiology of T1D and the reasons why those with T1D are prone to obesity. For example, individuals with T1D who experience frequent hypoglycemic episodes may overconsume high-carbohydrate foods, and it has been reported that an additional intake of only 15 g of carbohydrates per day can result in approximately 2.7 kg of annual weight gain. Moreover, endocrine alterations such as abnormal glucagon or amylin secretion in the absence of endogenous insulin, together with intensive insulin therapy, have been shown to promote weight gain (24). Although these observations do not indicate the presence of an obesity paradox, a noteworthy case report from Japan described fulminant T1D with severe obesity and positive anti-GAD antibodies, in which pronounced obesity appeared to enhance ketone body production and aggravate acidosis (25). Thus, while it remains unclear whether obesity precedes the onset of T1D or develops subsequently, progression of obesity is likely to have adverse effects on health in the context of T1D. At the same time, as previously noted, underweight individuals with T1D have a 3.4-fold higher mortality risk compared with those of normal weight, whereas those who are overweight or obese do not show a significant increase in mortality risk (21). Furthermore, although based on a small cross-sectional analysis, an investigation of the relationship between glycemic indices monitored by continuous glucose monitoring, body weight, and BMI in T1D found that both weight and BMI were positively associated with improved glycemic control (26). From the perspective of the obesity paradox, these findings suggest that maintaining a certain level of body weight and BMI may help stabilize glycemic variability and support better overall health. Nevertheless, the optimal weight and BMI remain undefined in the current literature.

In individuals with T1D, skeletal muscle fat content has been reported to be higher than in those with T2D. Conversely, individuals with T2D exhibit more pronounced visceral fat accumulation, which is strongly associated with increased insulin resistance (27). Importantly, even T1D patients with a normal or mildly elevated BMI demonstrate significantly higher CV risk scores when visceral fat levels are elevated. This finding suggests that “hidden visceral obesity,” which is not adequately captured by conventional metrics such as BMI or waist circumference, may contribute to the underestimation of CV risk in this population (28). Ectopic fat depots have been shown to secrete bioactive substances that influence insulin resistance, glucose and lipid metabolism, coagulation, and inflammatory pathways, thereby heightening the risk of CV disease and atherosclerosis (29, 30).

On the other hand, accumulating evidence indicates that greater muscle mass is associated with lower mortality (31–33). A study by Wei et al. (34) showed that a higher appendicular skeletal muscle mass to visceral fat area ratio, which reflects a relatively greater muscle mass compared to visceral adiposity, is associated with lower CV and cancer mortality in individuals with diabetes. Skeletal muscle mass tends to decline in individuals with diabetes due to multiple mechanisms, including impaired muscle protein synthesis resulting from insulin deficiency, activation of proteolytic pathways, increased protein breakdown driven by oxidative stress and inflammation, mitochondrial dysfunction, and reduced levels of insulin like growth factor 1 (35). Individuals with T1D, in particular, have been shown to exhibit decreased skeletal muscle mass (36, 37), which represents a significant health concern in addition to increases in fat mass. Adults with long-term T1D (more than 20 years) treated with insulin therapy exhibited higher adiposity and lower lean mass compared with healthy individuals (38). If T1D is regarded as one of the autoimmune diseases, the impact of autoimmunity on skeletal muscle mass must also be considered. Autoimmune diseases exert profound effects on skeletal muscle, primarily through chronic inflammation that drives sarcopenia. Proinflammatory cytokines such as interleukin-1β, interleukin-6, and tumor necrosis factor-α activate catabolic pathways including NF-κB and p38 MAPK, leading to proteolysis via ubiquitin ligases such as atrogin-1 and MuRF-1 (39). In rheumatoid arthritis, the prevalence of sarcopenia ranges from 10% to 45% and is associated with bone loss, frailty, and CV risk. In T1D, hyperglycemia promotes intramyocellular lipid accumulation, advanced glycation end-product deposition, and mitochondrial dysfunction, all of which impair muscle quality. These mechanisms highlight that autoimmunity accelerates muscle atrophy (39). Although obesity has been associated with a 34% lower risk of sarcopenia in older adults (OR = 0.66; 95% CI, 0.48 to 0.91), this association appears to depend on the preservation of muscle mass and strength (40). These observations emphasize the limitations of evaluating obesity and its health consequences solely through traditional metrics such as body weight, BMI, or waist to hip ratio, as well as measurements of visceral or total body fat.

In the author’s view, the most significant limitation of the obesity paradox lies in the way obesity is evaluated. Obesity should be evaluated not solely by body weight or BMI, but rather by body composition, which encompasses the relative proportions of muscle mass, fat mass, and body water. In the study by Dahlström and colleagues (19), individuals with T1D who had advanced DN or CKD exhibited the lowest mortality at a BMI of approximately 26, suggesting the potential presence of the obesity paradox. This suggests that the obesity paradox may manifest particularly in patients with diabetic complications.

The number of individuals with T1D who develop CKD is increasing, and there are reports indicating that, after adjusting for age, CKD is more prevalent among individuals with T1D than among those with T2D (41, 42). Diabetic complications can have a significant impact on the prognosis of diabetes patients. Individuals with diabetic neuropathy, one of the major complications of diabetes, often experience reductions in skeletal muscle mass (43, 44), while those with advanced CKD commonly develop fluid imbalances, deteriorating nutritional status, and muscle wasting, frequently presenting as cachexia or protein energy wasting (45). These pathophysiological changes may compromise the validity of using BMI alone to assess obesity. In addition, bone mass, which constitutes approximately 14% of total body weight, represents another critical factor (46). Bone mass declines with age, and this decline has been reported to progress more rapidly in individuals with obesity (47). Fat free mass and muscle strength are closely associated with bone mass, and visceral adiposity has been suggested to exert a detrimental effect on skeletal integrity (48).

Therefore, in order to accurately assess obesity and determine the presence or absence of the obesity paradox, it is essential to precisely quantify body composition components that contribute to body weight and BMI, including muscle mass, fat mass, bone mass, and body water. Furthermore, careful consideration must be given to factors such as age and disease status, which influence each of these components. For instance, in patients with cancer, nutritional and metabolic disturbances induced by malignancy can lead to pathological loss of muscle mass, resulting in a condition known as cancer cachexia (49). In such cases, evaluating obesity based solely on body weight or BMI becomes clearly inadequate. In the context of type 1 diabetes, which is the focus of this review, the presence of complications such as DN and CKD plays a critical role in the interpretation of BMI and its association with clinical outcomes.

In conclusion, the current evidence does not support the presence of an obesity paradox in individuals with T1D (Figure 1). This mini review includes only three cohort studies and a single meta-analysis, which may limit the generalizability of the findings regarding the obesity paradox in T1D. The small number of included studies represents a major limitation. However, one study has reported that among those with advanced DN and CKD, individuals classified as overweight have the lowest mortality. Although the limited number of studies precludes definitive conclusions, this observation likely reflects the limitations of assessing obesity using BMI alone. In recent years, the average BMI among individuals with T1D has been increasing, highlighting the need for accurate evaluation of obesity. It is essential to assess body composition precisely, including muscle mass, fat mass, visceral fat, bone mass, and body water, rather than relying on body weight or BMI alone. Particular attention should be paid to imbalances, such as reduced muscle or bone mass accompanied by increased fat mass. Moreover, the evaluation must account for comorbid conditions, including diabetic complications and cancer. Continued improvement in measurement methodologies and further research are warranted.

[image: Graph illustrating the “Obesity Paradox in Type 1 Diabetes,” showing the relationship between BMI categories (underweight, normal, overweight, obese) and hazard ratio, with a U-shaped curve peaking at underweight and obese. Accompanied by four boxes outlining potential mechanisms (protective energy reserve, higher muscle mass, anti-inflammatory adipokines), causes (survivor bias, reverse causation, BMI limitations), clinical challenges (sarcopenia, hidden adiposity, risk underestimation), and future research needs (assessment of fat and muscle mass, standardization, longitudinal studies).]
Figure 1 | Obesity paradox in type 1 diabetes: Potential mechanisms, challenges, and future directions.
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