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Abstract
Background: Whether weight change around type 2 diabetes (T2D) diagnosis is associated with long-
term survival is unclear. We aimed to examine the association between weight change and mortality
among participants with incident T2D and evaluate impacts of lifestyle on this association.

Methods: This prospective analysis included 11,262 incident T2D patients from the Nurses’ Health Study
and Health Professionals Follow-up Study. We assessed weight change bracketing T2D diagnosis in
relation to mortality. We also examined potential effect modi�cation by a healthy lifestyle consisting of
high-quality diet, regular physical activity, non-smoking status and moderate alcohol consumption.

Results: On average, T2D patients lost 2.3 kg during a two-year time-window spanning the T2D diagnosis,
and body weight increased afterwards. Compared with patients with a stable weight, T2D patients who
lost ≥10% body weight had a 26% (95% CI: 4%, 52%) increased mortality due to cardiovascular disease
(CVD). Lifestyle signi�cantly modi�ed these associations: the hazard ratios (95% CIs) of CVD mortality
comparing ≥10% weight loss with stable weight were 1.41 (0.87, 2.30) among participants with a
deteriorated lifestyle, 1.46 (1.15, 1.86) for a stable lifestyle, and 0.82 (0.53, 1.27) for an improved lifestyle
(Pinteraction <0.001). Major weight loss was also associated with an increased all-cause mortality, and
similar effect modi�cations by lifestyle were observed.

Conclusions: Signi�cant weight loss upon T2D incidence was associated with an increased CVD
mortality, although improved lifestyle quality abolished these associations. These results highlight the
role of adopting a healthy lifestyle for newly diagnosed T2D patients in improving long-term survival.

Introduction
In the general population, weight loss lowers blood pressure and improves insulin sensitivity and blood
lipids,[1, 2] which are widely-recognized cardiometabolic risk factors. Among patients with newly
diagnosed type 2 diabetes (T2D), weight loss is not only associated with better cardiometabolic pro�les,
[3, 4] but also elevated pancreatic β-cell function,[5] sustained remission of diabetes,[6] and reduced
cardiovascular disease (CVD).[7] American Diabetes Association guideline recommends achieving and
maintaining ≥ 5% weight loss in T2D patients.[8] Post-hoc analyses of clinical trials, however, showed
that weight loss was independently associated with higher mortality among established T2D patients.[9–
11] Cohort studies in newly diagnosed T2D patients also yielded mixed, contrasting �ndings of weight
loss in relation to mortality.[12–15]

The con�icting evidence for this association may be ascribed, at least partially, to heterogeneity in
causes, extent, and timeframe of weight change. Both hyperglycemia and hyperinsulinemia exacerbate
protein catabolism and muscle oxidative damage, which gradually result in muscle atrophy and weight
loss.[16] As a common symptom of diabetes, weight loss due to the augmented catabolism of protein
and muscle, often serves as a marker of disease severity.[9, 16] Moreover, studies showed that a modest
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loss of 5% body weight after diabetes diagnosis was associated with a lower CVD risk,[7] while in long-
term T2D patients, signi�cant weight loss (> 10%) was associated with higher CVD risk and mortality.[9]

To further elucidate this complex and important association, we �rst described the weight change
trajectory since immediately before T2D diagnosis in the Nurses’ Health Study (NHS) and the Health
Professionals Follow-up Study (HPFS). We then examined the association between weight change
starting shortly before diabetes diagnosis and mortality, and lastly evaluated the impact of adopting a
healthy lifestyle on this association.

Methods
Study Population

The overall description of NHS and HPFS was previously published [17] and shown in Supplementary
Methods. The study protocol was approved by the institutional review boards of the Brigham and
Women’s Hospital and Harvard T.H. Chan School of Public Health. Return of a completed questionnaire
was deemed as an informed consent of participation.

The �rst analysis was to model weight change trajectories among T2D patients from the follow-up
questionnaire immediately before diagnosis and throughout the follow-up period after diagnosis. At
cohort baseline (1980 for NHS and 1986 for HPFS), we excluded participants with prevalent diabetes,
cancer or CVD, those with missing weight assessments, and those age 65 or older to minimize impact by
age-related differential muscle loss.[18] We censored follow-up for participants who developed cancer or
CVD, died, or reached age 65. 

In the analysis of weight change and mortality among T2D patients, only participants with incident T2D
were included. Self-reported type 1 diabetes or gestational diabetes cases were excluded. We also
excluded participants with existing CVD or cancer at the time of T2D diagnosis. Given the goal of
evaluating potential interactions between weight change and lifestyle, we further excluded those who had
implausible daily caloric intake (<500 or >3500 kcal/day for women; <800 or >4200 kcal/day for men), or
had missing data on body weight, diet, physical activity, smoking status or alcohol intake on the
questionnaire immediately before diabetes diagnosis.

Assessment of Type 2 Diabetes

Participants who reported T2D diagnosis were sent a supplemental questionnaire that inquired about
date of diagnosis, typical symptoms, such as unintended weight loss, diagnostic test results, and
hypoglycemic therapy. Based on the questionnaire data, the diagnosis of T2D was ascertained according
to the criteria of National Diabetes Data Group (before 1997) or American Diabetes Association (after
1997).[17, 19-21] Validation studies showed that 97% (HPFS) and 98% (NHS) of questionnaire-con�rmed
T2D cases were re-con�rmed through medical record review.[22, 23] The current analysis is restricted to
participants with questionnaire-con�rmed T2D.
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Assessment of Body Weight

Body weight was reported on baseline and follow-up questionnaires. A validation study showed that self-
reported weight was highly correlated with measured body weight in NHS and HPFS (Spearman r= 0.97 in
both cohorts).[24]

Assessment of Lifestyle Factors

A lifestyle score consisting of diet, physical activity, smoking and alcohol consumption was derived to
summarize the quality of lifestyle. Quality of diet was assessed by a modi�ed Alternate Healthy Eating
Index (AHEI) score without alcohol intake (Supplementary Methods).[25, 26] We derived cohort-speci�c
AHEI quintiles, and the top two-�fths were de�ned as eating a healthy diet. Adequate physical activity
was de�ned as ≥150 min/week of moderate- to vigorous-intensity physical activity. We de�ned non-
smoking as never or past smoking. Healthy alcohol consumption was de�ned as a moderate
consumption (5 to 15 g/day for women; 5 to 30 g/day for men).[21] 

Participants received 1 point if they met the criterion for the healthy category, and 0 otherwise. The sum
of the points across 4 factors constituted a �nal healthy lifestyle score with a range of 0 to 4. A higher
score indicated a healthier lifestyle. Similar lifestyle scores were strongly associated with lower risk of
developing cardiovascular disease or premature deaths in the cohorts.[19, 21]

Assessment of Mortality

The primary outcome was total and cause speci�c mortality through 2012 for NHS and 2016 for HPFS.
Deaths were identi�ed through searches of the National Death Index, reports by the next of kin, or postal
authorities; follow-up for morality was over 98% complete.[17] The cause of death was determined by
physician review of medical records and death certi�cate information (Supplementary Methods for
details). 

Statistical Analysis 

We pooled data from the NHS and HPFS to enhance statistical power. In the analysis of weight change
trajectories, the goal was to model changes in body weight starting shortly before diagnosis and in
subsequent follow-up. We included diabetes-free participants in this analysis for comparison. We set a
�xed baseline at 1980 for NHS and 1986 for HPFS for diabetes-free participants, and the baseline for
incident diabetes patients was time-varying (Supplementary Methods). We built a multiple generalized
linear model which included the baseline calendar year, time since baseline, an interaction variable
between time since baseline and diabetes status, and covariates. We used a marginal model of
generalized estimating equations (GEE) with independence working variance matrix to calculate the least
squares means of weight change at multiple time points in comparison with that at baseline.[27]

For analyses of mortality risk that involved diabetes patient only, person-time accrued from the return of
the questionnaire in which diabetes diagnosis was reported until death, or the end of follow-up (2012 for
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NHS and 2016 for HPFS). Weight change was evaluated from the most recent biennial questionnaire
before diabetes diagnosis to the �rst questionnaire after diagnosis. We categorized weight change
proportion as major weight loss (≤-10%), moderate (>-10% to ≤-5%), stable weight (>-5% to <5%), and
weight gain (≥5%). Cox proportional hazards models were used to examine weight changes in relation to
mortality with the number of months since the start of follow-up as the time scale. Hazard ratios (HRs)
and 95% con�dence intervals (CIs) were calculated in Cox models. Cubic spline regression models were
�tted to model potential non-linear associations between weight change and mortality. We used 5 knots
(-0.20, -0.10, -0.05, 0.05, 0.10) to model cubic spline regression, and data outside of 1% to 99% percentiles
were removed to reduce the impact of outliers. 

To explore effect modi�cation of lifestyle on the relationship between weight change and mortality, we
strati�ed the analyses according to lifestyle changes. An improved lifestyle was de�ned as the healthy
lifestyle score at year 2 was larger than the healthy lifestyle score at year 0. A deteriorated lifestyle was
de�ned as a smaller healthy lifestyle score at year 2 compared to year 0. Otherwise, the participants’
lifestyle quality was considered unchanged. Interactions with lifestyle changes were tested by a
likelihood-ratio test comparing models with and without product terms between weight change proportion
spline variables and categorized lifestyle changes.

All P values were two-sided, with statistical signi�cance determined as p<0.05. Data were analyzed with
the use of SAS software, version 9.4 (SAS Institute).

Patient and public involvement

No patients were involved in setting the research question or the outcome measures, nor were they
involved in the design and implementation of the study. We plan to disseminate these �ndings to
participants in our annual newsletter and to the general public in a press release.

Results
Characteristics of the Study Participants

Characteristics of participants at baseline are presented in Table 1, strati�ed by categories of weight
change proportion in the time window (~2 years) between the questionnaires immediately before and
after T2D diagnosis. The characteristics by gender were shown in Supplementary Table 1S.

Trajectories of Weight Change

There were 110,891 diabetes-free participants and 6,494 patients with incident diabetes who met criteria
for inclusion in this analysis. Participants without diabetes had an average annual weight gain of 0.3 kg
during 26 years of follow-up. Those with diabetes, on average, lost 2.30 kg (standard error 0.31) during
the 2-year time window bracketing diabetes diagnosis, which was followed by a gradual weight gain in a
trajectory similar to that among diabetes-free participants (Figure 1). When we used self-reported weight
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at T2D diagnosis in the supplementary questionnaire as baseline weight, we observed a similar pattern of
weight changes (Supplementary Figure 1S). 

Weight Change and Mortality

We documented 3,197 deaths in patients with incident T2D, of which 969 were due to CVD, 808 due to
cancer, and 1,420 due to other causes. Cubic spline analyses showed a U-shaped relationship between
weight change and total mortality with a nadir near zero weight change (P for curvature <0.001) (Figure
2A). For deaths due to CVD, cancer or other causes, a non-linear association was also observed (all P for
curvature < 0.05). Speci�cally, weight loss was signi�cantly associated with elevated mortality due to all
three causes, although weight gain was signi�cantly associated with deaths due to other causes only
(Supplementary Figure 2S). 

  In categorical analyses of weight change, compared with the stable weight group, major weight loss
(>10%) was associated with a signi�cantly higher mortality (HR 1.21 [95% CI 1.09-1.35] for all-cause
mortality, 1.26[1.04-1.52] for CVD mortality, 1.24[1.01-1.52] for cancer mortality, 1.19[1.02-1.39] for other
causes mortality). Participants with moderate weight loss (5-10%) or weight gain did not show any
increased risk of all-cause mortality or cause-speci�c mortality (Table 2). In a secondary analysis, when
compared with participants who did not report weight loss as a symptom, those who reported this
symptom lost more body weight and exhibited a 18% (95% CI: 2%, 35%) higher all-cause mortality and a
37% (95% CI: 6%, 76%) higher CVD mortality (Supplementary Table 2S).

Weight Changes, Lifestyle and Mortality

In cubic spline analyses, the U-shaped relationship between weight change proportion and total mortality
was manifested among participants who had a deteriorated or unchanged lifestyle (P for
curvature<0.001), whereas among patients who had improved lifestyle, neither weight loss nor weight
gain was signi�cantly associated with mortality (P for curvature = 0.24) (Figure 2B). The interaction
between changes of lifestyle and weight change proportion on total mortality was signi�cant (P<0.001). 

Similarly, in the categorical analyses, compared with those with stable weight, major weight loss was
associated with a 63% (95% CI: 26%, 109%) higher total mortality among T2D patients who had
deteriorated lifestyle and 27% (95% CI: 11%, 46%) with unchanged lifestyle. In contrast, among T2D
patients who improved their lifestyle, major weight loss was not signi�cantly associated with total
mortality (HR[95%CI]: 1.02[0.81, 1.27]; P for interaction<0.001) (Table 2). A similar pattern of associations
for major weight loss by improved lifestyle also manifested for CVD mortality (0.82[0.53, 1.27]) or
mortality due to other causes (0.99[0.70, 1.40]). For cancer mortality, none of the associations was
signi�cant, though statistical power was limited. 

Discussion
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In two large prospective cohort studies, we found a signi�cant weight reduction in the two years around
diabetes diagnosis, which was followed by gradual weight gain. Major (≥ 10%) weight reduction within
two years of diabetes diagnosis was associated with a higher mortality, especially CVD mortality; modest
(< 10%) weight loss or weight gain was not associated with mortality. The elevated mortality associated
with major weight loss was primarily observed in T2D patients who had deteriorated or unchanged
lifestyle, whereas those who lost ≥ 10% body weight but improved lifestyle did not exhibit an elevated
mortality.

Our observation of the weight trajectory after diabetes diagnosis was consistent with previous studies.
Multiple studies have consistently demonstrated a temporary weight loss of approximately 2–3 kg within
1–2 years after diabetes diagnosis,[28–30] and a gradual weight gain afterwards.[28] The current study
evaluated weight change trajectory during an extended 26-year follow-up and also compared the
trajectory with that among diabetes-free participants in the same cohorts. Overall, these data suggest that
weight loss is commonly observed in diabetes patients, although this weight loss is transient and
con�ned to the 1–2 years period proximate to disease diagnosis.

The long-term health consequences of weight changes after diabetes diagnosis have been examined in
previous studies, but results were somewhat inconsistent. Some,[12] but not all studies,[7, 15] showed
that a signi�cant weight loss after diabetes diagnosis was associated with a high mortality. It is
interesting to note that among patients with established diabetes history, major weight loss was more
consistently associated with adverse CVD outcomes.[9–11] The reason for the inconsistent �ndings in
previous studies is unknown, although differences in the time-window of weight change assessment,
baseline disease duration and severity, and other serious illnesses that could induce weight loss may
likely account for some of the mixed �ndings. With data collected during 30 years of follow-up in the NHS
and HPFS, we were able to, for the �rst time, examine weight change in the time window that brackets the
diabetes incidence in relation to mortality. Elevated mortality due to CVD, cancer, or other causes was
observed primarily among T2D patients who lost signi�cant body weight, but not among patients in other
categories of weight change.

Weight loss upon diabetes diagnosis is mainly accounted by the loss of lean mass. In the Health, Aging,
and Body Composition (Health ABC) study, newly-diagnosed T2D patients lost more lean mass than
established T2D patients and non-diabetes individuals (-186 ± 25, -106 ± 20, and − 125 ± 7 g/year,
respectively), while the changes of total fat mass were similar among the groups.[31] Adequate lean
mass is consistently associated with lower mortality among populations with or without diabetes.[32, 33]
In addition, major weight loss in newly-onset T2D may serve as a marker of disease severity as this
symptom is often correlated with chronic kidney diseases, ischemic heart disease and stroke.[34] Future
studies are warranted to further illustrate these and other mechanisms underlying the associations
between this transient weight loss and adverse health consequences.

A healthy lifestyle is critical for preserving adequate lean mass during weight loss.[16] In addition,
multiple lines of evidence have suggested that a healthy lifestyle may improve cardiometabolic health
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with and without promoting weight loss.[21, 35–37] In the current analysis, improved lifestyle largely
abolished the positive association between weight loss and mortality. Previous studies showed improved
cardiometabolic health and lowered mortality among T2D patients who practiced healthy lifestyles.[21,
38] Of note, in the current analysis, we were unable to distinguish between intentional and unintentional
weight loss. However, T2D patients who reported having unintentional weight loss as a symptom were
more likely to lose ≥ 10% body weight (23.3% vs. 13.6%) and this symptom was associated with a similar
elevation of mortality, suggesting that the weight loss was largely unintentional in the current analysis.
Collectively, the current study, together with evidence from studies that examined intentional weight loss,
[7, 37, 39] highlighted the role of a healthy lifestyle in improving the survival of diabetes patients. These
results also implied that adopting a healthy lifestyle might be more important than emphasizing on
weight loss alone.

The strengths of our study include the long term follow-up of two large cohorts with low rates of loss to
follow-up, and the comprehensive, repeated assessments of body weight and lifestyle factors. Our study
has some limitations. First, the questionnaire administration was not exactly aligned with the diabetes
diagnosis. However, the biennial questionnaire enabled us to assess body weight before the diabetes
incidence and thus the weight change that occurred from shortly before to after diabetes diagnosis,
which was typically not captured in studies of patients with existing diabetes. Moreover, using body
weight at diabetes diagnosis in a sensitivity analysis, we found similar association between signi�cant
weight loss and mortality. Second, although we adjusted for multiple confounders, we cannot exclude the
possibility that these associations may still be partially ascribed to residual or unmeasured confounding.
Finally, more than 95% of our participants were Caucasians and all of them were registered nurses or
health professionals. The homogeneity is helpful for controlling for confounding, although our �ndings
need to be replicated in other populations with different characteristics.

Conclusion
In conclusion, we showed a transient weight loss surrounding the period of T2D diagnosis. During this
period, a signi�cant weight loss was associated with higher total and CVD mortality particularly among
patients who had a deteriorated or unchanged lifestyle, whereas among patients who adopted a healthy
lifestyle the elevated mortality was largely attenuated. These �ndings emphasize the importance of
healthy lifestyle in improving the long-term survival of diabetes patients.
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Trajectories of Weight Change among Those with Incident Diabetes since the Most Recent Biennial
Questionnaire before Diabetes Diagnosis, Compared to Participants without Diabetes since the Cohort
Baseline. In the group of incident diabetes, the red asterisk ‘*’ indicates the time frame of diabetes onset.
Body weight at the time-point ‘0’ was de�ned as the most recent weight before diabetes diagnosis, and
body weight at time-point ‘2’ was recorded on the �rst biennial questionnaire after diabetes diagnosis;
and so on. In participants without diabetes, body weight at the time-point ‘0’ was de�ned as the cohort
baseline (1980 for NHS and 1986 for HPFS), and the time-point ‘2’ was 2 years after baseline, and so on.
Weight changes were truncated within -50 to 50kg. Participants were censored at age 65. We used a
marginal model of generalized estimating equations with independence working variance matrix to
calculate the least squares means of weight change at multiple time points in comparison with that at
year 0. The model included the baseline calendar year, time since baseline, an interaction variable
between time since baseline and diabetes status, and other covariates. We stopped updating the
trajectory since the number of participants at follow-up decreased to <1% of the baseline in diabetes
group. Values of weight change are mean ± standard error.
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Figure 2

Associations between Weight Change Proportion and Risk of All-Cause Mortality, according to Changes
of Lifestyle before and after Diabetes Diagnosis. Panel A shows the overall relationship between weight
change proportion and all-cause mortality (P for curvature <0.001). Panel B shows the relationship
according to changes of lifestyle before and after diabetes diagnosis. In subgroups of
deteriorated,unchanged, improved lifestyle, P values for curvature were <0.001, <0.001 and 0.244,
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respectively. Changes in weight and lifestyle were evaluated from the most recent biennial questionnaire
before diabetes diagnosis to the �rst questionnaire after diagnosis. The weight change proportion was
calculated as ([weight after diagnosis] – [weight before diagnosis]) / [weight before diagnosis]. All of
these associations were based on a multivariate model which adjusted for age, sex, ethnicity, history of
hypertension, current antidiabetic medication use, current antihypertensive medication use,
hypercholesterolemia, current anti-hypercholesterolemia medication use in the questionnaire cycle right
after diabetes diagnosis, family history of diabetes, family history of myocardial infarction, current
aspirin use, current multivitamin use, diabetes duration and lifestyle score before diabetes diagnosis.
Dotted lines represent 95% con�dence intervals.
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