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Abstract

Purpose of Review—Increased risk of type 2 diabetes mellitus (T2D) among individuals with 

overweight or obesity is well-established; however, questions remain about the temporal dynamics 

of weight change (gain or loss) on the natural course of T2D in this at-risk population. Existing 

epidemiologic evidence is limited to studies that discretely sample and assess excess weight and 

T2D risk at different ages with limited follow-up, yet changes in weight may have time-varying 

and possibly non-linear effects on T2D risk. Predicting the impact of weight change on the risk of 

T2D is key to informing primary prevention. We critically review the relationship between weight 

change, trajectory groups (i.e., distinct weight change patterns), and T2D risk among individuals 

with excess weight in recently published T2D prevention randomized controlled trials (RCTs) and 

longitudinal cohort studies.

Recent Findings—Overall, weight trajectory groups have been shown to differ by age of 

onset, sex, and patterns of insulin resistance or beta-cell function biomarkers. Lifestyle (diet and 

physical activity), pharmacological, and surgical interventions can modify an individual’s weight 

trajectory. Adolescence is a critical etiologically relevant window during which onset of excess 

weight may be associated with higher risk of T2D. Changes in insulin resistance and beta-cell 

function biomarkers are distinct but related correlates of weight trajectory groups that evolve 

contemporaneously over time. These multi-trajectory markers are differentially associated with 

T2D risk.

Summary—T2D risk may differ by the age of onset and duration of excess body weight, and 

the type of weight loss intervention. A better understanding of the changes in weight, insulin 

sensitivity, and beta-cell function as distinct but related correlates of T2D risk that evolve 

contemporaneously over time has important implications for designing and targeting primary 

prevention efforts.
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Introduction

Excess body weight defined by body mass index [BMI] as overweight or obesity is 

associated with an increased risk of type 2 diabetes mellitus (T2D) [1]. T2D is a 

heterogeneous and multifactorial chronic disease characterized by hyperglycemia resulting 

from the combination of peripheral tissue resistance to insulin action and inadequate 

insulin secretion (i.e., beta-cell dysfunction). Among susceptible individuals, excess weight 

effects on T2D may be mediated by insulin resistance and beta-cell malfunction. These 

mediation (indirect) effects may be stronger with adiposity [2]. The risk of T2D is elevated 

among individuals with increased abdominal visceral and subcutaneous fat depots, and 

intrahepatic triglyceride content independent of excess body weight [3–5]. Conversely, 

greater subcutaneous leg fat is positively correlated with lower T2D risk with or without 

excess weight [5–7].

While there is evidence from prospective cohort studies that the risk of T2D is higher among 

individuals with overweight (risk ratio [RR]: 2.99; 95% CI: 2.42–3.72) or obesity (RR: 7.19; 

95% CI: 5.74–9.00) than that with normal weight [1], the clinical (i.e., differences between 

study participants) and methodological (i.e., differences in the measurement, timing, and 

definition of excess weight or T2D) diversities contributed to heterogeneity of the measures 

of association. The effects of misclassifying both excess weight and T2D on delineating 

causal relations can be unpredictable [8, 9]. Moreover, independent of excess weight, normal 

life course fluctuations in insulin sensitivity and resistance are expected during puberty [10], 

pregnancy [11], post menopause [12], and with older age [13]. Without appropriate control 

for these potential confounding factors, delineating the causal relation between weight 

changes and T2D risk in observational studies remains problematic. While weight gain and 

loss are associated with increased and decreased T2D risk, respectively, among individuals 

with excess weight and/or adiposity, it remains unclear whether the temporal dynamics of 

life course weight change have transient or sustained effects on the natural course of T2D.

Weight Loss Interventions and T2D Risk Among Individuals with Excess 

Weight

Lifestyle (diet and physical activity), pharmacological, and surgical interventions can be 

used to promote and maintain weight loss [14–16], and to reduce the risk of T2D as 

demonstrated in numerous large RCT studies [17–23]. Sustained weight loss for more than 

12–36 months has been shown to improve insulin action (sensitivity) and improve glucose 

tolerance [24, 25].

There is moderate-to-strong evidence that specialized dietary interventions involving low-fat 

and/or low-carbohydrate diets [26], very-low-energy diets [27], Mediterranean diet [28], 

alternative-day fasting [29], and intermittent fasting [30] promote short-term weight loss. 

However, the success of any diet relies primarily on adherence, which tends to be poor 

in the long term [31]. While some of the evidence points to reduced T2D risk via 

mechanisms linked to increased glucose tolerance or insulin sensitivity, weight loss does 

not always translate to reduced T2D risk [26–28, 32]. Moreover, the evidence for any 

dietary intervention on glycemic outcomes independent of weight loss is weak and different 
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mechanisms are postulated for how different diets impact insulin resistance or beta-cell 

dysfunction [26–28, 32]. When controlled for total daily energy intake, diets of different 

macronutrient compositions are associated with similar weight loss but with differential 

effects on the reduction of T2D risk factors. In the POUNDS LOST trial [33], diets with 

different compositions of fat, protein, and carbohydrates led to similar weight loss at 6 

months and similar weight regain at 2 years. The reduction in fasting serum insulin levels 

was larger with the high-protein diet than that with the average-protein diet (10% vs 4%, 

p = 0.07) [33]. In the PREVention of diabetes through lifestyle intervention and population 

studies In Europe and around the World (PREVIEW) study, different weight maintenance 

diets, i.e., a high-protein (HP) and low glycemic index (GI) diet versus a moderate protein 

(MP) and moderate GI diet, combined with either high intensity (HI) or moderate intensity 

physical activity (PA) did not result in substantial differences for percent body weight 

change. On average, across diet groups, there were − 11% and − 5% body weight changes 

after an 8-week weight reduction and 3-year weight maintenance intervention period, 

respectively [17]. Although adherence to target diet intakes over the 3-year follow-up period 

varied among participants, this study showed lower T2D risk (<4%) for all intervention 

groups (diet, physical activity, or both) than was expected under scenarios of no intervention 

(10–16%) [17, 34]. However, after adjusting for differences in weight loss, men had larger 

reductions in metabolic syndrome Z-scores than women [34].

Lifestyle-focused interventions have been shown to induce clinically significant weight loss 

over approximately 3–4 years [23, 35]. However, as highlighted in the Diabetes Prevention 

Study (DPS), the protective effects of intervention (versus control) on T2D risk dissipates 

with longer follow-up (i.e., 58% [23] and 33% [19] lower risk of T2D at 4 and 13 years, 

respectively). Similarly, the US-based multicenter Diabetes Prevention Program (DPP) study 

showed that an intensive lifestyle change program, which led to an average weight loss of 

approximately 6%, reduced the risk of developing T2D by 58% (95%CI: 48–66%) compared 

to placebo (standard lifestyle recommendations) after 2.8 years [35]. After 10 years, the 

intensive lifestyle group still had a lower incidence of T2D than the placebo group, but the 

between-group difference was smaller (34%; 95%CI: 24–42%) [36].

Weight loss achieved by pharmacotherapy interventions has been shown to consistently 

improve glycemic control in individuals with overweight/obesity with greater HbA1c 

reduction in those with T2D in numerous RCTs [37]. However, there have been fewer 

RCTs that examined the effect of pharmacotherapy in reducing the risk of T2D. In the 

SCALE obesity and prediabetes trial [22], 2254 adults with prediabetes and excess weight 

were randomly assigned to daily subcutaneous injections of liraglutide 3.0 mg (n = 1505) or 

placebo (n = 749). Liraglutide was associated with an average weight loss of 4.3% compared 

to placebo after 160 weeks. The time to onset of T2D was 2.7 times longer (p < 0.01) 

and the risk of T2D was 79% (hazard ratio [HR]: 0.21; 95% CI: 0.13–0.34) lower in the 

liraglutide group than those in the placebo group. In another trial [20], a total of 309 (out 

of 383) individuals with obesity, who lost ≥ 5% of their body weight initially achieved an 

average weight loss of 14.4 kg after 8-week treatment with a very-low-energy diet, were 

randomized to orlistat 120 mg or placebo. The average weight regain (4.6 vs 7.0 kg) and 

cumulative T2D incidence (5.2% vs 10.9%) were lower with orlistat vs placebo at 3-year 

follow-up. In the largest and longest RCT that examined antiobesity pharmacotherapy for 
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prevention of T2D, a total of 3305 individuals with obesity were randomized to orlistat 

or placebo in addition to lifestyle counseling. At 4-year follow-up, orlistat was associated 

with a higher proportion of participants who lost ≥ 5% of their baseline body weight 

(52.8% vs 37.3%), greater average weight loss (5.8 vs 3.0 kg), and a lower cumulative 

incidence of T2D than placebo (6.2% vs 9.0%) corresponding to a risk reduction of 37.3% 

[38]. In the DPP study, weight loss with metformin explained 64% of its beneficial effect 

on T2D risk [39]. Overall, these pharmacotherapy interventions (e.g., liraglutide, orlistat) 

are hypothesized to function as a glucagon-like peptide-1 (GLP-1) receptor agonist, a 

hormone that regulates appetite, to induce gut microbiome dysbiosis. These antiobesity 

drugs modulate the composition of gut microbiota (i.e., decrease obesity-related but increase 

lean-related phenotypes) and modify metabolic signaling pathways that influence insulin 

sensitivity or resistance related to the risk of T2D.

Bariatric surgery, which induces large and sustained weight loss, has been shown to reduce 

T2D risk. In the Swedish Obesity Study (SOS) [21], 1658 individuals who underwent 

bariatric surgery and had an average weight loss of 31 kg after 1 year and 1771 controls 

who were matched for obesity and received usual care were compared at 15-year follow-up. 

Despite partial weight regain, the risk of T2D was 83% lower in the bariatric surgery group 

than that in the control group (HR: 0.17; 95% CI, 0.13–0.21). This protective effect differed 

depending on the presence (HR: 0.13; 95%CI: 0.09–0.18) or absence (HR: 0.25; 95%CI: 

0.19–0.32) of impaired fasting glucose at baseline, but not baseline excess weight status.

Weight Trajectory Groups and the Risk of T2D Among Individuals with 

Excess Weight

The characterization of weight change patterns (i.e., trajectory groups) with and without 

interventions is critical to understanding the long-term effects of weight change on T2D 

risk. The use of objective and reproducible methods to delineate the weight trajectory groups 

is vital if we are to understand the different multifactorial pathways of T2D development. 

Particularly, the role of correlates of weight trajectory groups that could promote or reduce 

the risk of T2D, such as diet, sedentary behavior, sleep, and aging. The best ways to 

delineate subtypes or subgroups of individuals with excess weight who share the same 

features of T2D disease natural history have been the subject of study for decades, and 

refinement is ongoing [40, 41]. Numerous and sometimes conflicting weight trajectory 

groups have been proposed without clarity of clinical relevance to T2D [42–49]. These 

weight trajectory groups have traditionally been based on body mass index (BMI) and 

weight measured in kilograms or pounds.

Latent class growth analysis (LCGA) [50, 51] or group-based trajectory modeling (GBTM) 

and growth mixture modeling (GMM) [52, 53] can be used to characterize weight trajectory 

groups beyond pre-post intervention weight assessments. Weight trajectory groups derived 

from these methods can be used to identify critical periods of weight change that may be 

etiologically relevant to T2D risk. These models can provide more nuanced insights into 

the temporal dynamics between excess weight and correlates of T2D risk. Both the LCGA 

and GMM models assume the existence of mutually exclusive and exhaustive groups of 
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individuals that can be differentiated by the presence or absence of latent “unobserved” traits 

that follow distinct developmental pathways (i.e., weight change patterns).

LCGA is a finite mixture semi-parametric model [50, 51] whereby individual weight change 

patterns within a subgroup are assumed to be homogenous, weight change over time is 

modeled on a continuous scale (i.e., scaled growth), polynomial restrictions (e.g., quadratic 

and cubic functions) are placed on the shape of a subgroup (trajectory group), and the 

variance and covariance estimates for the growth factors (i.e., intercept and slope) within a 

trajectory group are assumed to be fixed to zero.

In contrast to LCGA, GMM is a finite mixture parametric model [52, 53] that allows 

for individual-level variation within subgroups that are characterized by different growth 

patterns (i.e., random effects – intercepts and slopes). Individuals are assigned to the “latent” 

trajectory group with the highest probability of describing the subject’s weight change 

pattern.

Previous studies [42–49] have shown that correlates of T2D risk may vary across different 

weight trajectory groups; however, to our knowledge, no published research has assessed 

the strength of evidence linking T2D risk to different weight trajectory groups. LGCA and 

GMM approaches have identified three [46–48] to seven [42] weight trajectory groups with 

different shapes defined by an increase or decrease in weight relative to excess weight status 

among individuals 13 + years of age.

Recently, using GMM, Luo et al. [42] identified seven weight trajectory groups defined by 

excess weight status with a stable, modest, or rapid increase in a cohort of middle-aged 

Australian women (Australian Longitudinal Study on Women’s Health [ALSWH], n = 

12,302). Compared to the stable normal weight trajectory group, other trajectory groups 

(e.g., overweight or obesity at baseline with a modest or rapid increase during follow-up) 

had higher risk of T2D (HR range: 2.06 to 8.35) over a 16-year follow-up period. Older age 

of onset and shorter duration of excess weight were associated with lower risk of T2D. A 

separate analysis (n = 11,192) showed that even among adolescents and young adults (18–23 

years) [43], although only six distinct trajectory groups were identified, older age at onset of 

excess weight was negatively associated with risk of T2D (HR: 0.87; 95% CI 0.79–0.96) and 

duration of excess weight was positively and linearly associated with T2D risk (p < 0.01). 

The cumulative incidence of T2D was much lower among adolescents and young adults than 

that among middle-aged women (1.5% [43] versus 11.2% [42], p < 0.01) during the 16-year 

study follow-up period.

In a younger cohort (n = 1387; 13–18-year olds) [44], Wu et al. showed that the risk of T2D 

was higher among participants with overweight (HR: 5.31; 95% CI: 2.16–13.08) and obesity 

(HR: 10.01; 95% CI: 3.70–27.11) during early childhood defined by tri-ponderal mass index 

(TMI) than that among participants who had normal weight. Similar risk was observed 

even when the obesity definition was determined by the BMI Z-score. Compared to a 

stable weight trajectory group, adolescents in the “rapid decrease,” “rapid increase and then 

stable,” and “persistent increase” weight trajectory groups had higher risk of T2D in early 

adulthood. A higher proportion of male than female participants were observed in the “rapid 
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decrease,” “rapid increase then stable,” and “persistent increase” trajectory groups (p = 

0.04). These trajectory groups also had higher baseline blood pressure (p < 0.01), cholesterol 

(p = 0.01), and triglyceride levels (p < 0.01) than the stable weight group. In contrast, these 

covariates and the risk of T2D were not different between BMI Z-score–defined trajectory 

groups. These findings suggest that TMI- (vs BMI-) defined weight trajectory groups during 

adolescence might provide better discrimination for T2D incidence. This further underscores 

the fact that the relationship between the body fat percentage and the mass divided by 

height squared is quite different in adolescent vs adult populations. In addition, findings lend 

credence to the hypothesis that during adolescence beta-cell dysfunction or insulin resistance 

due to excess weight could persist even after subsequent weight reduction. It is also possible 

that the pathophysiological mechanisms that predispose some adolescents to T2D may only 

be partially related to obesity [54]. Other causal mechanisms suspected involve genetic 

susceptibility, puberty-induced insulin sensitivity, poor diet, sedentariness, fetal exposure to 

maternal obesity, and gestational diabetes [54].

In contrast to the findings by Luo [43] and Wu [44] et al., a cohort study by Tirosh et al. (n 
= 37,674) [45] showed that as adolescents transition into adulthood, increasing BMI-defined 

weight trajectory groups are equivalent to an annual rate of rise in BMI of about 0.3 BMI 

units per year at 17 years of age, corresponding to a total of 15 kg, or 4 BMI units with 

a 13-year follow-up. However, after adjustment for time-varying BMI assessments during 

adulthood, elevated BMI in adolescence was not associated with higher risk of T2D. This 

suggests that T2D risk may be a function of increased BMI closer to the time of T2D 

diagnosis than BMI at earlier assessments during adolescence [45].

In a cohort of individuals with and without excess weight at baseline, Lv et al. [46] 

identified three GMM-based BMI-defined trajectory groups (low-increasing [n = 5136], 

medium-increasing [n = 1914], and high-increasing [n = 239]) in a Chinese cohort of 

20–50 years old individuals who were followed for about 11 ± 5 years. Compared to the 

low-increasing group, belonging to the medium-increasing and high-increasing group was 

associated with a higher risk of T2D (HR: 1.40; 95% CI: 1.00–1.97 and 2.45; 95% CI: 

1.32–4.56, respectively). Higher baseline and long-term BMI levels were associated with 

increased risk of T2D. Overall, trajectory group-specific slopes increased gradually from 

0.64 to 0.82 (BMI units) during 20–30 years, then decreased from 0.81 to 0.13 during 31–41 

years, and finally increased negatively to − 0.68 until 50 years. These results suggest that 

increased velocity of weight change is positively correlated with T2D risk, independent of 

baseline BMI levels. However, these findings should be interpreted cautiously because of the 

potential for unmeasured confounding effects (e.g., sleep apnea). Moreover, findings may 

not be generalizable to non-Asian populations.

Using GMM, applied to a British cohort (N = 6705) of individuals without T2D between 

the ages 35 to 55 years, Vistisen et al. [47] identified three weight trajectory groups among 

incident cases of T2D (n = 645; 9.6%) defined by BMI during a median follow-up of 

14 years: stable overweight, progressive weight gainers, and persistently obese. The stable 

overweight group (n = 604; 94%) experienced slightly worsening of beta-cell function and 

insulin sensitivity 5 years prior to a T2D diagnosis. The progressive weight gainers (n = 

15) exhibited a pattern of consistent weight gain before a T2D diagnosis that increased 
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linearly with blood pressure and exponentially with insulin resistance a few years before a 

T2D diagnosis. The persistently obese (n = 26) experienced an initial beta-cell compensation 

followed by loss of beta-cell function, whereas insulin sensitivity was relatively stable. 

Female participants were more likely to belong to the persistently obese group than in the 

stable overweight or T2D-free group (p < 0.02). The stable overweight and progressive 

weight gain groups had a higher prevalence of family history than the T2D-free group (p 
< 0.04). Consistent with Tirosh et al. [45], the majority of individuals diagnosed with T2D 

did not have substantial weight gain prior to a T2D diagnosis (stable overweight group). 

However, T2D incidence was preceded by different patterns of excess weight and insulin 

resistance; these findings underscore the heterogeneity of pathophysiological pathways 

associated with T2D [55].

With a 14-year follow-up, Nano et al. [48] found a 9% cumulative incidence of T2D 

in a cohort of 6223 individuals who were 55 + years old. Three BMI-defined distinct 

trajectory groups were identified, including a progressive overweight (n = 481; 85.1%), 

progressive weight loss (n = 59; 10.4%), and persistently high BMI group (n = 25; 4.4%). 

The persistently high BMI group was characterized by a concave up increasing function of 

insulin resistance and a rapid decrease of beta-cell function. This group also had an increase 

in T2D incidence from 6 to 19% during an 8-year follow-up period. The progressive 

overweight group had a smaller increase in T2D risk from 2 to 14%, had fluctuations 

in insulin resistance, and marked beta-cell dysfunction. Similar to Vistisen et al.’s study 

[47], most incident T2D cases had excess weight at baseline and continued to gain weight 

during follow-up. T2D incidence was not preceded by a recent weight gain but rather 

preceding sustained weight gain. These findings highlight the challenges in both predicting 

and targeting T2D prevention interventions since many at-risk individuals with overweight 

or normal weight [56] might be missed when using existing screening strategies. Strategies 

with higher predictive properties are needed to better discriminate between high- and low-

risk weight trajectory groups based not only on BMI change but at least one other biomarker 

of insulin resistance or beta-cell function.

Using LCGA, Yacamán-Méndez et al. [49] categorized 7203 Danish participants ages 7–55 

years from the Stockholm Diabetes Prevention Program cohort into five trajectory groups: 

stable normal weight, stable overweight trajectory, lean increasing weight, overweight from 

early adulthood, and overweight from late adulthood trajectory. Compared to the stable 

normal group, a higher fraction of T2D risk was attributed to other trajectory groups among 

women (population attributable fraction [PAF] 47.40%; 95% CI 38.06–55.34%) and men 

(PAF: 42.91%; 95% CI 31.47–52.45%). The cumulative incidence of T2D was 65% higher 

with onset of excess weight during early than late adulthood (RR: 1.65; 95%CI: 1.40, 1.95).

Methodologic and Conceptual Issues Associated with Attributing T2D Risk 

to Changes in Weight

Random assignment of individuals to levels of an independent variable of interest (i.e., 

intervention) is critically important to determine the causal effects [57, 58]. Herein, we 

have been concerned with the impact of weight loss on the subsequent risk of T2D among 
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persons with excess weight (Fig. 1). More precisely, we have been focusing on the causal 

effects of the weight loss per se, as opposed to the interventions (i.e., lifestyle, surgery, and 

pharmacotherapy) which produce the weight loss. Yet, as has been noted elsewhere [59], 

we can only truly assess the causal effects of intervention assignment with confidence via 

randomization. Many of the factors that plausibly mediate or serve as mechanisms of the 

effects of intervention assignment, such as various changes in anatomy, physiology, and 

behavior, cannot be assigned to individuals, but only observed [60]. We are therefore left in 

the precarious position of trying to draw causal inferences from data in which the postulated 

causal factors (i.e., weight loss) have not been randomized. This creates many challenges.

Specifically, in weight loss interventions, several variables including changes in metabolism, 

hormones, behavior, and environment plausibly mediate the effects of interventions on 

subsequent risk of T2D. Moreover, separate examination of the temporal and dynamic 

changes in these mediating variables may be needed. For example, some studies have noted 

the importance of separating out the effects of negative energy balance producing weight 

loss from the effects of finally landing at and then potentially maintaining a lower body mass 

[61].

Disentangling these causal effects is further complicated by the fact that none of the 

mediating (intermediary) variables is likely to be measured with perfect accuracy. Therefore, 

measurement error can distort associations and, in turn, limit the ability to correctly identify 

causal effects [62]. More challenging still is that the degree of measurement error may be 

larger in some groups than in others [63] or for some variables than for others [64] leading 

to biased estimation of causal effects when both modeled in multi-variable analysis or in 

competing non-nested analysis [65]. Further still, the fact that the relations among putative 

mediating variables and their upstream causes and downstream effects may be nonlinear 

and the pattern of nonlinearity may differ across these variables [66] can lead to potentially 

erroneous conclusions if only a single form of relationship is modeled and that form better 

fits the actual relationship for one postulated mediator than for another. For example (Fig. 

1), if one mediator (e.g., insulin sensitivity) had a linear relationship with an outcome (e.g., 

T2D) and another mediator (e.g., beta-cell function) had a markedly nonlinear relationship 

with the outcome, but only linear mediation was modeled, the former postulated mediator 

might be thought to have an important causal effect and the latter not, even if this was not 

the case.

Yet further complexities involve the fact that there are likely multiple mechanisms through 

which weight loss interventions affect risk of T2D and other important health outcomes. 

For example, there is some evidence suggesting that the reduction of body fat per se or 

at least some depots of body fat (especially visceral or omental body fat) may reduce 

risk of T2D (or alleviate some health problems), at least in some rodent models [67]. 

Yet, in humans, while data are far more limited, current interventional data (though not 

always randomized data) are inconsistent regarding this hypothesized effect of visceral fat 

reduction [68]. Alternatively, some evidence in humans suggests that the composition of the 

diet, particularly a lower carbohydrate diet, may lead to important reductions in the risk 

of T2D [69]. In contrast, carefully controlled studies in mice and rats suggest effects of 

diet composition, including the amount of sugar in the diet, that are at best equivocal and 
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inconsistent in terms of their effects on lifespan, at worst largely null, and may depend on 

whether the diets are restricted in energy, isocaloric, or ad libitum [70–72]. This suggests 

the importance of experimental control and of looking at aspects of dietary changes. 

Findings from rodent studies also suggest that reduction in energy intake, regardless of 

the composition of the diet, results in a reduced mortality rate, and data from non-human 

primate studies suggest inconsistent effects on mortality rate, but consistent beneficial 

effects of caloric restriction on reduced T2D risk, independent of marked differences in 

diet composition [73–75].

Similarly, the timing of food may matter. It may be that periodic bouts of undernutrition, 

even if, on average, energy intake is not altered over integrated periods of time, may result 

in periodic losses and regains of weight that appear salubrious and lifespan enhancing in 

rodent models [76]. Some human physiology studies make similar predictions about the 

value of periodically draining aspects of bodily energy reserves [77], despite the fact that 

observational epidemiologic data show deleterious associations between weight variability 

and longevity in humans [78]. Whether these differences are an indication of different causal 

systems at play in rodents versus humans, confounding in human studies despite the very 

best attempts to reduce it (as indeed seems quite likely from an animal study in which 

observational and randomized interventional estimates of causal effects can be compared), 

[79] or other factors is still unknown.

Summary

Overall, when weight loss interventions are targeted at at-risk populations, heterogeneous 

and nonlinear patterns of weight change are often observed but are analyzed as pre-post 

intervention weight change. These nonlinear trends are in part due to weight changes that 

reflect time periods that define switching between a weight loss and weight maintenance 

intervention phase. Identifying homogeneous groups of individuals that follow similar 

weight trajectory groups with and without intervention exposure may provide important 

insights for understanding interruptions to the natural course of T2D among individuals with 

excess weight.

Weight trajectory groups irrespective of interventions have been shown to differ by age of 

onset, sex, and risk of T2D based upon patterns of insulin resistance or beta-cell function 

biomarkers. Excess weight that persists from childhood into adulthood is associated with 

higher risk of T2D. Adolescence is a critical etiologically relevant window during which 

onset of excess weight may be associated with higher risk of T2D especially among women. 

Among women, the post-menopausal period is associated with changes in body composition 

that could negatively impact insulin sensitivity and beta-cell function. Preventing or delaying 

the onset of excess weight in early adulthood and reducing the duration of an excess 

weight status may substantially lower the risk of T2D. Compared to pre-post intervention 

characterization of weight change and T2D risk, weight trajectory groups provide an 

intuitive population-level generalization of the temporal relationship between weight change 

and risk of T2D. However, there is inconsistent nomenclature of trajectory shapes and 

substantial heterogeneity in measures of association that summarize the relationship between 

weight trajectory groups and T2D risk. Additionally, individual-level variations within 
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trajectory groups cannot be ruled out; therefore, a cautious interpretation of trajectory 

group effects is warranted. A better understanding of not just the developmental course 

of excess weight trajectory groups but also insulin resistance, gut dysbiosis, and beta-cell 

function is needed (Fig. 1). These distinct but related antecedents of T2D risk may evolve 

contemporaneously over time with important implications for the design and targeting of 

primary prevention efforts. Clever and creative study designs that help us disentangle these 

questions, deal with cross-species generalization, separate causation from correlation, and 

deal with the various statistical and methodological challenges raised represent an important 

and exciting opportunity for the near future.
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Fig. 1. 
Current evidence on the relationship between weight change and risk of T2D. Some 

evidence (solid lines); inconclusive evidence (dashed lines)
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