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Abstract

Background & Aims: Obesity is established as a major risk factor for the development of 

nonalcoholic fatty liver disease (NAFLD). However, the influence of dynamic changes in adiposity 

over the life course on NAFLD risk remains poorly understood.

Methods: We collected data from 110,054 women enrolled in the Nurses’ Health Study II cohort. 

Early adulthood weight was ascertained at age 18 years, and weight gain since early adulthood 

was defined prospectively every 2 years. We used a group-based modeling approach to identify 

five trajectories of body shape from age 5 years up to age 50 years. NAFLD was defined by 

physician-confirmed diagnoses of fatty liver, after excluding excess alcohol intake and viral 

hepatitis, using validated approaches.

Results: We documented 3,798 NAFLD cases over a total of 20 years of follow-up. Compared to 

women who maintained stable weight (+/−2 kg), women with ≥20 kg of adulthood weight gain 

had the multivariable aHR of 6.96 (95% CI, 5.27-9.18), and this remained significant after further 

adjusting for early adultood BMI and updated BMI (both P trend <0.0001). Compared to women 

with a medium-stable body shape trajectory, the multivariable aHRs for NAFLD were, 2.84 (95% 

CI, 2.50-3.22) for lean-marked increase, 2.60 (95% CI, 2.27-2.98) for medium-moderate increase, 

and 3.39 (95% CI, 2.95-3.89) for medium-marked increase.

Conclusions: Both early adulthood weight gain and lifetime body shape trajectory were 

significantly and independently associated with excess risk of developing NAFLD in mid-life. 

Maintaining both lean and stable weight throughout life may offer the greatest benefit for the 

prevention of NAFLD.
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Introduction

It is estimated that 50-80 million Americans have nonalcoholic fatty liver disease (NAFLD), 

defined by fatty infiltration of the liver (steatosis) in the absence of excess alcohol 

consumption.[1] Among them, nearly 25% develop progressive steatohepatitis with fibrosis, 

which can lead to cirrhosis, hepatocellular carcinoma (HCC) and death.[2–4] Obesity is an 

established risk factor for NAFLD, and it is estimated that up to 80% of adults with obesity 

have NAFLD.[5–7] Despite a growing awareness of both diseases, the prevalence of and 

mortality from obesity and NAFLD continue to increase at alarming rates,[8, 9] 

underscoring the importance of identifying effective population-level prevention strategies 

that target weight control.
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Increasing data suggest that weight change over the life course plays a vital role in long-term 

disease outcomes, independently of baseline body weight.[10] Specifically, early adulthood 

weight gain has been associated with an increased risk of type 2 diabetes,[11] coronary heart 

disease,[11] hypertension,[11] cholelithiasis,[12] and certain types of cancer.[13] Early 

adulthood weight gain may be particularly relevant to NAFLD because the incidence of 

NAFLD typically increases with age, and excess adiposity tends to accrue during early and 

middle adulthood. However, the precise influence of early adulthood weight gain on the risk 

of developing NAFLD in mid-life remains unclear. To date, most prior studies of adiposity 

and NAFLD risk have focused on static measures of attained body mass index (BMI), 

weight, or waist/hip circumference, primarily in adulthood.[14, 15] In contrast, weight 

changes during adolescence, early adulthood and adulthood may better capture the dynamic 

effects of excess body fat and lean body mass during the life course, thereby enabling 

formulation of public health recommendations for weight control at different ages.

In addition to dynamic assessments of weight change, a group-based trajectory modeling 

(GBTM) approach has also demonstrated utility for studying the long-term health impacts of 

adiposity across the life course.[16–19] This GBTM approach is particularly useful because 

it respects the continuity of body growth and fat accumulation over time. Compared to 

traditional weight change analyses that partition time intervals, GBTM allows for closer 

scrutiny of heterogeneity in changes of body fatness over the life course, and permits a more 

direct comparison of disease risk across different trajectory groups.[17] In doing so, it 

addresses a different but more tangible question about the relative disease risk of people who 

experience different patterns of changes in body fatness over the life-course. To our 

knowledge, no study has reported on how group-based trajectories of body shape from 

childhood to middle age are related to subsequent risk of NAFLD.

Thus, we conducted a comprehensive evaluation of early adulthood weight change and the 

trajectory of body shape changes from childhood through mid-life, in relation to the 

incidence of NAFLD, within a large, prospective cohort of US women from the Nurses’ 

Health Study II (NHSII) cohort.

Methods

Study population

The Nurses’ Health Study II (NHSII) is an ongoing, prospective US cohort study that began 

in 1989 with the enrollment of 116,430 US female registered nurses, aged 25 to 42 years. 

Every 2 years since enrollment, participants have been mailed self-administered 

questionnaires to provide detailed data regarding demographics, lifestyle factors, medical 

history, disease outcomes, and other health-related information, with overall follow-up rates 

of approximately 90% for all questionnaires.[20] For the current study, we excluded women 

with a diagnosis of NAFLD at baseline, which was set as 1995, the first year that detailed 

information regarding NAFLD was available. We also excluded anyone at baseline with a 

diagnosis of hepatitis B virus (HBV) or hepatitis C virus (HCV) infection, or excess alcohol 

intake (defined as weekly ethanol consumption of more than 140 g[21]). Consistent with 

prior work[22], we further excluded participants with missing weight at baseline in 1995 or 

age 18 years, and anyone with a recorded BMI of less than 10 either in 1995 or at age 18 
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years. After these exclusions, a total of 110,054 participants were eligible for this study. 

Participants were followed prospectively through June 30, 2015.

The NHSII cohort study was approved by the Institutional Review Board of the Brigham and 

Women’s Hospital. Informed consent was indicated by questionnaire return.

Ascertainment and Validation of NAFLD

The primary endpoint was a physician-confirmed diagnosis of NAFLD. In 2013 and 2015, 

participants were asked if they had received a diagnosis from a physician of fatty liver 

disease. If yes, participants were subsequently asked the year of first diagnosis, dating back 

to before 1995, as well as the method of diagnosis, as well as details regarding the presence 

or absence of cirrhosis, and diagnoses of either HBV or HCV infection. In a validation study 

within our analogous cohort of older female nurses (the NHSI cohort), a blinded study 

physician reviewed 33 randomly-selected medical records from women who met our criteria 

for NAFLD, and applied validated radiographic and/or histological criteria to identify 

hepatic steatosis, and excluded alternative etiologies of liver disease[23]. With that 

algorithm, 29/33 cases were confirmed to be true NAFLD (positive predictive value, 88%).

Assessment of anthropomorphic measures

Participants were asked to report their height and weight at baseline, and weight was 

prospectively updated thereafter with biennial questionnaires. The high validity and 

reliability of self-reported body weight has previously been demonstrated in the NHSI 

cohort, in which self-reported and technician-measured weights were highly correlated 

(correlation coefficient, 0.97).[24] Using these data, we calculated prospectively-updated 

BMI every two years, and this was as, 18.5 to 20.9, 21.0 to 22.9, 23.0 to 24.9, 25.0 to 29.9, 

or 30.0 or greater.[25, 26] Recalled weight at age 18 years was queried in 1989, and a prior 

validation study in this cohort demonstrated a correlation coefficient of 0.87 between 

recalled weight and recorded weight at age 18 years.[27] In 1989, participants were also 

asked to measure their waist and hip circumferences, and these data were updated again in 

1993 and in 1995, permitting calculation of the waist-to-hip ratio (WHR).

Early adulthood weight change was defined as the difference in kg between early adulthood 

weight (age 18 years) and the weight reported in the current questionnaire cycle, and these 

data were updated prospectively, every 2 years,[10, 13] and subsequently partitioned into 6 

categories: weight loss ≥ 2.0 kg; loss or gain within 2 kg; gain 2.0-5.9 kg; gain 6.0-9.9 kg; 

gain 10.0-19.9 kg; and gain ≥ 20.0 kg, consistent with prior work.[28]

Body shape and trajectories

In 1989, participants selected their body shape in early and middle life (ages 5, 10, 20, 30, 

and 40 years) among one of nine pictorial body diagrams (somatotypes) developed by 

Stunkard et al[29] (Figure 1). The validity of these somatotypes as a marker of adiposity in 

early life was investigated among 181 participants aged 71-76 years in the Third Harvard 

Growth Study.[30] In that study, participants’ recalled body shapes were compared with 

their measured BMI at approximately the same ages. The Pearson correlation coefficients for 

women aged 5, 10, and 20 years were 0.60, 0.65, and 0.66, respectively.[30]
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To estimate trajectories of body shape over the life-course, we first calculated BMI at ages 

40, 45, and 50 years, using the average BMI at age 50 ± 3 years, to minimize random 

variation.[17] Next, we converted BMI to the same scale as the somatotypes, using an 

established proportional odds mixed effects model, by linking BMI to the somatotype data at 

younger ages, and we used this model to predict the somatotype at ages 45 and 50 on the 

basis of the BMI at that age,[17] consistent with prior studies.[16, 17, 19] Because the 

trajectory analysis required a participant to survive at least to age 50 without having 

NAFLD, for this analysis we additionally excluded persons who died or who had a diagnosis 

of NAFLD before or at the age of 50.

Assessment of covariates

We assessed total caloric and alcohol consumption using semiquantitative food frequency 

questionnaires every 4 years, since 1995.[31] Diet quality was defined using the Alternative 

Healthy Eating Index 2010, with a higher score reflecting a healthier overall diet.[32–34] 

Validated measures of weekly physical activity, in metabolic equivalent of tasks (MET) 

hours, was ascertained and updated every 2 to 4 years.[35] Smoking status was updated 

every 2 years.[36] Participants also provided information on race and ethnicity, and detailed, 

biennially-updated information regarding diabetes, hypertension, hypercholesterolemia, 

regular use of aspirin, menopausal status, and use of menopausal hormone therapy.[37–40]

Statistical Analysis

Among women from the NHSII who provided somatotype data for at least 4 different ages, 

we used a GBTM approach implemented by SAS Trajectory Procedure (Proc Traj) to 

identify subgroups within each cohort who shared a similar body shape trajectory from age 5 

to 50 years.[17] This method represents an application of finite mixture modeling and is 

designed to identify relatively homogeneous clusters of developmental trajectories within the 

population.[41] Participants were assigned to one of the trajectories to which they had the 

highest estimated probability of belonging. Details of trajectory analyses have been 

described in prior literature, including studies conducted within this cohort.[16] Briefly, the 

optimal number of groups and the shapes of trajectories were determined in a two-stage 

approach, based on the change in the Bayesian Information Criterion.[42] For the current 

study, the model with five trajectories and a cubic function of age demonstrated the best fit 

to our data. The name of each trajectory was defined on the basis of the visual pattern of 

changes in body shape over age and estimated the mean body shape levels for each 

trajectory at each age from the final model. Next, the posterior predicted probability for each 

participant of being a member of each of the five trajectories was calculated and participants 

were assigned into the trajectory to which their posterior probability of membership was 

greatest.[17] The average posterior probability for each trajectory was 0.98, 0.90, 0.95, 0.88, 

and 0.96, indicating excellent discrimination of trajectory assignments. Based on the results 

from the trajectory analyses and the interpretability of the groups, we included five 

trajectories in subsequent analyses: lean-moderate increase; lean-marked increase; medium-

stable; medium-moderate increase; and medium-marked increase.

Person-time accrued from the return of the baseline questionnaire (1995) until the date of 

NAFLD diagnosis, death from any cause, or the end of follow-up (2015), whichever came 
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first. We used Cox proportional hazards regression models stratified by age (years) and study 

period (2-year intervals) to estimate multivariable adjusted hazard ratios (aHRs) and 95% 

confidence intervals (CIs). Covariates were selected a priori based on established risk factors 

for NAFLD. We constructed two multivariable models: the first model accounted for age and 

early adulthood BMI (at age 18 years). The fully-adjusted multivariable model further 

accounted for race (white/non-white) and time-varying covariates, including diabetes (yes/

no), hypertension (yes/no), hypercholesterolemia (yes/no), smoking status (never, past, 

current), physical activity (quintiles), regular use of aspirin use (yes/no), menopausal status 

(premenopausal or postmenopausal), menopausal hormone use (never, past, or current), and 

diet (total calories and Alternate Healthy Eating Index 2010, both continuous). Tests for 

linear trend were performed using continuous variables.

To provide a comprehensive evaluation of adiposity in relation to incident NAFLD, we 

conducted secondary analyses focusing on early adulthood BMI, middle adulthood BMI, 

updated BMI throughout adulthood, and visceral adiposity (using waist circumference [WC] 

and the WHR). Additionally, we sought to define whether obesity in early adulthood or in 

middle adulthood might play a more important role in the development of NAFLD in mid-

life. Thus, we constructed nested models to directly compare models that included only early 

adulthood BMI, to models including both early adulthood and mid-life BMI. Additionally, 

we compared nested models that included early adulthood weight change, to models that 

included both early adulthood weight change and middle adulthood weight change. Nested 

model analyses to compare only early adulthood BMI or mid-life BMI, with models that 

included both early adulthood BMI and body shape trajectories or both mid-life BMI and 

body shape trajectories were also done. For all nested models, we tested the significance of 

associations using the log-likelihood ratio test. We conducted several sensitivity analyses to 

test the robustness of our results. First, we repeated our primary analyses after excluding any 

participant who reported an incident diagnosis of viral hepatitis B or C infection during 

follow-up. Second, to address potential confounding related to being underweight, we 

excluded anyone with BMI <17 kg/m2 at age 18 years or during follow-up. Finally, to assess 

the robustness of our defined body shape trajectories, we repeated the trajectory analysis 

after excluding participants whose trajectory assignment probability was less than 75%.

Statistical significance was set as a value of P ≤.05 in two-tailed tests. Statistical analysis 

was conducted with SAS software, version 9.4 (SAS Institute Inc., NC).

Results

Early adulthood weight change and the risk of NAFLD

Over a total of 1,842,560 person-years, we documented 3,798 incident cases of NAFLD. We 

present baseline (in 1995) characteristics according to early adulthood weight change 

categories in Table 1. Women with a greater amount of early-adulthood weight gain were 

more likely to have a higher BMI in early adulthood and during follow-up, and more likely 

to have diabetes, hypertension, and hypercholesterolemia.

Table 2 outlines the association between early adulthood weight change and risk of incident 

NAFLD. Compared with women who maintained a stable weight (i.e. weight change within 
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2 kg since age 18 years), the HRs after adjusting for age and BMI at age 18 years, were 1.30 

(95% CI, 0.94-1.80) with gain of 2-5.9 kg, 1.72 (95% CI, 1.26-2.34) with gain of 6-9.9 kg, 

3.51 (95% CI, 2.64-4.65) with gain of 10-19.9 kg, and 9.71 (95% CI, 7.38-12.78) with ≥20 

kg weight gain since early adulthood (P trend<0.0001) (Table 2). These associations were 

robust after further accounting for clinical, lifestyle and dietary risk factors for NAFLD, with 

corresponding multivariable aHRs of 1.26 (95% CI, 0.91-1.74), 1.59 (95% CI, 1.17-2.16), 

2.99 (95% CI, 2.26-3.97) and 6.96 (95% CI, 5.27-9.18), respectively (P trend<0.0001) 

(Table 2). After further adjusting for updated BMI, this positive association remained 

statistically significant (P trend<0.0001).

Attained adiposity and NAFLD risk

The risk of incident NAFLD increased linearly with increasing updated early adulthood BMI 

(P trend <0.0001) (Supplementary table 1). Overall, each 5 kg/m2 increase in early 

adulthood BMI contributed to a 1.2-fold increased risk of incident NAFLD in mid-life 

(multivariable aHR, 1.18; 95% CI, 1.13-1.24). The strong, positive gradient of increasing 

risk persisted in analyses focused on updated adulthood BMI and baseline BMI (in 1995) 

(both P trend < 0.0001) (Supplementary table 1). Compared to women with an early 

adulthood BMI< 22.5 kg/m2, the multivariable aHRs were 1.30 (95% CI, 1.19-1.41) for 

BMI of 22.5-24.9 kg/m2, 1.34 (95% CI, 1.19-1.51) for BMI of 25.0-27.4 kg/m2, 1.31 (95% 

CI, 1.10-1.57) for BMI of 27.5-29.9 kg/m2, 1.42 (95% CI, 1.18-1.70) for BMI of 30.0-34.9 

kg/m2, and 1.37 (95% CI, 1.01-1.86) for BMI of ≥35.0 kg/m2.

In nested analyses comparing attained BMI in early adulthood, mid-life and updated 

throughout adulthood, mid-life and updated BMI significantly modified the association 

between early adulthood BMI and incident NAFLD risk (both log-likelihood P<0.001). The 

association between mid-life weight change and incident NAFLD risk was significantly 

impacted by early adulthood weight change (log-likelihood P<0.001).

Trajectory of body shape and the risk of NAFLD

We identified five distinct body shape trajectories between ages 5 years to 50 years (Figure 

2): 28.1% of women had a medium-stable trajectory, in which they maintained a medium 

body shape throughout life; 34.7% of women had a lean-moderate increase trajectory, in 

which they were lean in early adulthood and subsequently gained a moderate amount of 

weight; 16.7% of women had lean-marked increase trajectory, in which they were lean in 

early adulthood and subsequently gained a substantial amount of weight; and 11.7% and 

8.7% of women started at a medium weight and subsequently gained either a moderate or a 

substantial amount of weight (medium-moderate increase/medium-marked increase). 

Overall, BMI in each category tracked well with the predicted trajectories from early to late 

adulthood (Table 3). For example, the mean BMI in the lean-moderate increase group 

remained below 23 kg/m2 over the life course, whereas the mean BMI in the lean-marked 

increase group increased from 21.1 at age 18 years to 30.5 kg/m2 at age 50 years. We also 

noted that women in the five trajectory groups showed distinctive lifestyle patterns: those in 

the medium-stable and lean-moderate increase groups were more physically active, were 

less likely to have hypertension or hypercholesterolemia, or to be aspirin users (Table 3).
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Table 4 presents the HRs for incident NAFLD according to body shape trajectories over the 

lifespan. Compared to women with a medium-stable trajectory, the age-adjusted HRs were, 

1.11 (95% CI, 0.98-1.27) for those with a lean-moderate increase trajectory, 3.61 (95% CI, 

3.19-4.08) for lean-marked increase, 3.21 (95% CI, 2.81-3.66) for medium-moderate 

increase, and 4.68 (95% CI, 4.10-5.34) for medium-marked increase. These associations 

were consistent after multivariable adjustment (corresponding aHRs of, 1.08 [95% CI, 

0.94-1.23] for lean-moderate increase, 2.84 [95% CI, 2.50-3.22] for lean-marked increase, 

2.60 [95% CI, 2.27-2.98] for medium-moderate increase, and 3.39 [95% CI, 2.95-3.89] for 

medium-marked increase) (Table 4). In the nested models, body shape trajectories were 

found to significantly modify the associations between early adulthood BMI (at age 18 

years) or mid-life BMI (at age 50 years) and incident NAFLD risk (both log-likelihood P 
<0.0001).

Visceral adiposity

Increasing WC and WHR were both significantly and positively associated with the risk of 

incident NAFLD (Supplementary table 2). Compared to women in the lowest quintile, the 

multivariable aHR in the highest WC and WHR quintiles were 5.26 (95% CI, 4.51-6.14; P 
for trend < 0.0001), and 2.94 (95% CI, 2.59-3.33; P trend < 0.0001), respectively. These 

significant positive associations were not materially altered after further adjusting for 

updated BMI (both P for trend <0.0001).

To directly evaluate the relative importance of attained BMI compared to visceral adiposity, 

we classified participants according to combined categories of updated BMI (< 25 vs ≥ 25 

kg/m2) and WC (<35 vs. ≥35 inches) or WHR (<0.8 vs ≥0.8).[28] Compared to women with 

BMI < 25 kg/m2 and WC < 35 inches or WHR < 0.8, the highest NAFLD risk was observed 

in those with BMI ≥ 25 kg/m2 and either WC ≥35 inches (multivariable aHR 5.44, 95% CI 

4.90-6.05) or and WHR ≥ 0.8 (multivariable aHR 6.00, 95% CI 5.28-6.81) (Supplementary 

table 3). Significant excess risk was also observed among women who were lean (BMI <25 

kg/m2) but who had an elevated WC (multivariable aHR 2.27, 95% CI 1.79-2.89) or WHR 

(multivariable aHR 1.85, 95% CI 1.56-2.19) (Supplementary table 3).

Sensitivity Analyses

Our findings were consistent across all sensitivity analyses, including: (1) after excluding 

anyone reporting incident viral hepatitis B or C infections during follow-up (Supplementary 

table 4); (2) after excluding participants who were underweight (BMI <17 kg/m2) at age 18 

years or during follow-up (Supplementary table 5); and (3) after excluding participants with 

<75% likelihood of being in a given body shape trajectory category (Supplementary table 6).

Discussion

In this large prospective cohort of US women, both excess adiposity and weight gain since 

early adulthood were associated with a significantly higher risk of developing incident 

NAFLD in mid-life. The significant, positive association between early adulthood weight 

gain and NAFLD risk was independent of attained BMI, and it was evident even with as 

little as 6 kg of weight gain since early adulthood. Furthermore, using a trajectory approach, 
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we identified five distinct subgroups of participants according to their body-shape evolution 

over the life course. We found that women with a medium body shape in early life and who 

subsequently gained marked weight between ages 5 and 50 years had the highest NAFLD 

risk, whereas women who maintained a medium body shape throughout life has the lowest 

overall risk. Importantly, being lean in early life did not counteract the adverse effects of 

subsequent weight gain; compared to adults who maintained a medium body shape 

throughout life, those who were initially lean in early life but subsequently gained 

substantial weight had a 2.8-fold higher risk of developing NAFLD, later in life. Together, 

our findings demonstrate that dynamic patterns of weight are significant, modifiable risk 

factors for NAFLD, which are independent of traditional measures of attained adiposity. 

These data, in turn, support the development of public health strategies focused on 

maintaining a stable body weight and shape throughout life, by preventing weight gain, for 

the prevention of NAFLD.

In the general population, both obesity in early adulthood and weight gain since early 

adulthood have been related to premature morbidity and mortality.[43, 44] However, much 

less is known about the impact of dynamic weight changes during on the subsequent risk of 

NAFLD. In this cohort, both a higher early adulthood BMI and subsequent adulthood weight 

gain were each independent predictors of NAFLD. The highest NAFLD risk was found in 

women who had an elevated BMI and who gained substantial weight during adulthood. 

However, early adulthood weight gain was independently and significantly associated with 

excess risk of developing NAFLD, across all levels of underlying BMI. Moreover, even 

women who were lean in early adulthood but who subsequently gained significant weight 

were found to be at increased risk. Thus, our findings demonstrate that dynamic, long-term 

patterns of weight change add significant, additional information about NAFLD risk, beyond 

traditional measures of attained adiposity.

Although BMI is the most commonly studied measurement of attained adiposity, it is an 

imperfect marker because people with similar BMI values can have substantially different 

risks of adiposity-related morbidity and mortality.[45] In contrast, visceral adiposity might 

better capture metabolic and cardiovascular risk[46, 47], particularly among patients who 

are lean. Visceral fat is closely correlated with hepatic steatosis, as visceral adipose tissue is 

more lipolytically active than subcutaneous fat[48], and contributing to chronic 

inflammation[49] and to the pathogenesis of NAFLD.[15] Despite this, to date, prospective, 

population-based data that comprehensively evaluate the relative impact of visceral adiposity 

(i.e. WC or WHR) and BMI on the risk of NAFLD accounting for key risk factors including 

diet and lifestyle factors are limited. In the current study, we found that both WC and WHR 

were significantly associated with the risk of NAFLD, regardless of underlying BMI. Even 

among women with a normal BMI, the risk of NAFLD was significantly elevated in those 

who also had an elevated WC or an elevated WHR. These findings lend further support to 

the hypothesis that fat distribution and visceral adipose tissue play a key role in the 

pathogenesis of NAFLD.

Our study is strengthened by the prospective design, large sample size, and high rates of 

follow-up over 20 years. The prospective design minimized recall bias, and any errors in 

recall would most likely have attenuated rather than exaggerated a true association. 
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Including repeated anthropometric measurements across adulthood provided a unique 

opportunity to prospectively examine the long-term influence of adiposity and dynamic 

weight changes on subsequent NAFLD risk. We have also validated NAFLD cases against 

established radiographic and/or histologic criteria, with a positive predictive value was 88%. 

Furthermore, the cohort benefits from detailed, well-validated and updated information on 

numerous known and putative NAFLD risk factors, including diet, lifestyle and menopausal 

status, which minimize potential residual confounding.

Certain limitations of this study should be noted. First, participants in this study were all 

female health professionals, and the majority were white. Thus, the generalizability of our 

findings to other groups may be limited, and this underscores the need for additional large-

scale, prospective studies in racially and ethnically diverse populations of both men and 

women. Second, despite our validation of NAFLD diagnoses, misclassification is possible 

because the ascertainment of NAFLD was based on self-reported and recalled information. 

However, the participants were health care professionals who are more likely to accurately 

report the information, and the high validity of their self-reported medical information has 

been confirmed in various studies.[50–52] Furthermore, the relative homogeneity of this 

cohort could limit confounding by social class, which is an increasingly important factor for 

both obesity and NAFLD risk. Third, we lacked detailed information regarding NAFLD 

fibrosis stages, and further research will be needed to assess long-term changes in body 

weight and BMI in relation to NAFLD fibrosis severity. Fourth, while reverse causation is 

possible, our results were similar in analyses that included long durations of elapsed time 

between exposure assessment and the development of NAFLD. Finally, anthropometric 

measurements including early adulthood weights were also self-reported or recalled; 

however, the high validity and reproducibility of these measurements in this cohort has 

previously been established.[24, 27]

In conclusion, within a large, nationwide cohort of women, early adulthood weight gain was 

significantly and independently associated with an increased risk of developing NAFLD in 

mid-life. Furthermore, the trajectory of body shape between early- and mid-life was also 

significantly associated with incident NAFLD, regardless of underlying BMI. Given the 

increasing prevalence of NAFLD, our findings support the development of public health 

strategies to maintain a healthy weight and body shape throughout life for the prevention of 

NAFLD.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• The influence of dynamic changes in adiposity over the life course on 

NAFLD risk remains poorly understood.

• Early adulthood weight gain was independently associated with an increased 

risk of developing NAFLD in mid-life.

• The trajectory of body shape between early- and mid-life was significantly 

associated with incident NAFLD, regardless of underlying BMI.

• Maintaining both lean and stable weight throughout life may offer the greatest 

benefit for the prevention of NAFLD.
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Figure 1. 
Figure drawing used to assess body shape at ages 5, 10, 20, 30, and 40 years among women 

from the Nurses’ Health Study II. (Reproduced from Stunkard et al. with permission from 

Lippincott Williams & Wilkins, Philadelphia, Pennsylvania).
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Figure 2. 
Trajectories of body shape by age among women from the Nurses’ Health Study II. We 

identified distinct trajectories of body shape across the life span using a group-based 

modeling approach.
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