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Abstract 20 

Background/objectives Although weight change has been studied in relation to many 21 

individual chronic conditions, limited studies have focused on weight change and 22 

multimorbidity. This study examines the relationship between short-term weight change and 23 

the accumulation of multimorbidity in mid-life. 24 

Methods We used data from 7357 women aged 45-50 years without a history of any chronic 25 

conditions. The women were surveyed approximately every 3 years from 1996 to 2016. 26 

Associations between short-term weight change and accumulation of multimorbidity (two or 27 

more of nine chronic conditions) over each 3-year period, adjusting for baseline body mass 28 

index (BMI) or time-varying BMI (3-year period), were examined using repeated measures 29 

models. Short-term weight change was categorised into seven groups of annual weight 30 

change from high weight loss (≤ −5%) to high weight gain (> +5%). 31 

Results Over 20 years, 60.4% (n=4441) of women developed multimorbidity. Baseline BMI, 32 

time-varying BMI, and short-term weight gain were all associated with the accumulation of 33 

multimorbidity. After controlling for sociodemographic, lifestyle factors and menopausal 34 

status, high weight gain was associated with a 25% increased odds of multimorbidity (odds 35 

ratio [OR] 1.25, 95% confidence interval [CI] 1.08-1.45) compared with maintaining a stable 36 

weight. The results were consistent among models adjusting for baseline BMI (OR 1.24, 95% 37 

CI 1.07-1.44) or time-varying BMI (OR 1.34, 95% CI 1.16-1.54). Weight loss was associated 38 

with increased odds of multimorbidity in women with normal BMI (baseline or time-39 

varying). 40 

Conclusions Short-term weight gain is associated with significantly increased odds of 41 

multimorbidity in mid-aged women. This association is independent from baseline BMI (at 42 
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45-50 years) and time-varying BMI. These findings support a persistent weight management 43 

regime and prevention of weight gain throughout women’s midlife.  44 

This is a post-peer-review, pre-copyedit version of an article published in International Journal of Obesity. 
The final authenticated version is available online at: https://doi.org/10.1038/s41366-018-0250-7



4 

 

Introduction  45 

Obesity, as measured by body mass index (BMI), is common in most regions of the world. 46 

The Global Burden of Disease Study suggested that the prevalence of obesity has more than 47 

doubled since 1980, similar to the increasing trends seen in many chronic conditions (e.g., 48 

type 2 diabetes) 1.  At the same time, because of better healthcare and risk factor 49 

management, more people are living longer thereby increasing the risk of both excess weight 50 

and multiple chronic conditions (multimorbidity, the coexistence of two or more chronic 51 

conditions) 1-3. For example, a recent study predicted that there will be an increasing life 52 

expectancy as well as an expansion of multimorbidity among England’s population aged 35 53 

years or over between 2015 and 2035 3.  54 

The associations between obesity or weight change and many individual chronic conditions 55 

are well known, including diabetes, hypertension, cardiovascular disease, and some cancers 4, 56 

5. However, to our knowledge, the effects of weight change on accumulation of chronic 57 

conditions and multimorbidity have not previously been examined. Furthermore, most studies 58 

of the association of obesity with chronic conditions or multimorbidity have been evaluated 59 

using only a single baseline observation and follow up many years later 6-8. For example, a 60 

recent prospective cohort study found that obesity at baseline was associated with a more 61 

than 5 times greater risk of cardiometabolic multimorbidity (co-existence of two or more 62 

from diabetes, heart disease, and stroke) in the general population during a mean follow-up of 63 

about 10 years 7. Such studies do not capture dynamic and short-term changes in body weight 64 

and how these changes relate to the accumulation of chronic conditions and multimorbidity.  65 

It is challenging to lose weight once obesity is present in adulthood 9-11. Mid-aged women are 66 

especially vulnerable as they are more likely to suffer from excess weight gain and chronic 67 

conditions through their midlife 2, 12-14. Therefore, maintaining or achieving a normal weight 68 
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range of BMI (18.5 to 24.9 kg/m2) has been suggested by previous studies and guidelines 15, 69 

16. On the other hand, previous results from a systematic review and cohort studies indicated 70 

that short-term weight loss was associated with increased risk of morbidity and mortality 71 

from cardiovascular related chronic conditions in individuals with normal weight 17, 18. 72 

However, there is a paucity of prospective data on the associations between short-term weight 73 

changes and accumulation of multimorbidity 2, 19. 74 

Changes in weight over time may be more relevant and important for accumulating chronic 75 

conditions and multimorbidity in terms of both their biologic effects and their translation into 76 

prevention strategies 1. Meanwhile, the general populations would like to know whether 77 

trying to gain or lose weight is harmful or beneficial in terms of getting more chronic 78 

conditions or mortality 18, 20. In this article, we use data from a stable prospective cohort of 79 

mid-aged women to address the following hypotheses: 80 

1) Short-term weight change (over 3-year periods) is associated with accumulation of81 

multimorbidity, for example, weight gain may have a harmful effect while weight loss82 

may have a beneficial effect;83 

2) Baseline (at the age of 45-50) and time-varying BMI (over 3-year periods) may84 

influence the association between subsequent short-term weight change and85 

accumulation of multimorbidity.86 

Subjects and Methods 87 

Study design and participants 88 

We used data from the Australian Longitudinal Study on Women’s Health (ALSWH), which 89 

commenced in 1996 and focused on women’s health, sociodemographic and lifestyle factors, 90 

and anthropometric variables with data collected approximately every 3 years to 2016. There 91 

are three population-based cohorts of women born in 1973-78, 1946-51, and 1921-26 in the 92 

This is a post-peer-review, pre-copyedit version of an article published in International Journal of Obesity. 
The final authenticated version is available online at: https://doi.org/10.1038/s41366-018-0250-7



6 

 

ALSWH, with each broadly representative of the national population 21, 22. For the current 93 

study, data from the 1946-51 cohort was used to estimate the relationship between body 94 

weight change and accumulation of multimorbidity among mid-aged women. In order to 95 

include sufficient numbers of women living outside metropolitan areas, women from these 96 

areas were sampled at twice the rate of women in urban areas. The study was approved by the 97 

Human Research Ethics Committees of the Universities of Queensland and Newcastle. All 98 

participants signed informed consent, and all data used in the analyses were de-identified. 99 

There were 13,714 women who were born in 1946-1951 (aged 45-50 years in 1996). Women 100 

were excluded if they a) returned the baseline survey only; b) did not report weight at 101 

baseline; c) had a chronic condition at baseline or; d) did not provide a response for at least 102 

three consecutive surveys (weight change between two surveys were used to predict 103 

accumulation of multimorbidity at the next survey). In total, 7357 “healthy” women were 104 

included for further analysis (Figure 1).  105 

Assessment of body mass index and weight change 106 

At each survey, women were asked to report their height and weight. Body mass index (BMI) 107 

was calculated as weight in kilograms divided by height in metres squared, and was 108 

categorized as: underweight (<18.5 kg/m2), normal weight (18.5-24.9 kg/m2), overweight 109 

(25-29.9 kg/m2), obese (30-34.9 kg/m2) or very obese (≥35 kg/m2) according to the World 110 

Health Organization classification 23.  111 

We used average percentage weight change over 3-year period (apart a 2-year period between 112 

the first and second surveys) to indicate the weight change over the short-term. This was 113 

calculated by subtracting self-reported weight at successive surveys and dividing by weight at 114 

the earlier survey and the number of years between the surveys 4. The annual weight change 115 

(%) was categorised into seven groups: high loss (≤ −5%); moderate loss (−5 to ≤ −2.5%); 116 
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small loss (−2.5 to ≤ −1.0%); stable (−1.0 to ≤ +1.0%); small gain (+1.0 to ≤ +2.5%); 117 

moderate gain (+2.5 to ≤ +5%); high gain (> +5%). For example, for a woman in the normal 118 

weight range with BMI of 22 kg/m2 and height 1.65 m, 5% weight gain equates to 3 kg per 119 

year, whereas for a very obese woman with BMI of 37 kg/m2 and height 1.65 m, 5% weight 120 

gain equates to 5 kg per year 4. 121 

Assessment of chronic conditions and multimorbidity  122 

The outcome of interest was the accumulation of multimorbidity from a list of nine 123 

conditions: cancer, cardiovascular disease (CVD), hypertension, mental health disorders 124 

(depression/anxiety), diabetes mellitus, asthma, chronic obstructive pulmonary disease 125 

(COPD), arthritis, and osteoporosis. A systematic review suggests that these conditions are 126 

commonly chosen for multimorbidity study 2,  and they have also been identified as the 127 

National Health Priority Areas in Australia 24. Women were asked if they had been diagnosed 128 

with or treated for each condition in the past three years, to which they could respond ‘yes’ or 129 

‘no’.  130 

We defined the incidence of a condition as the first survey at which it was reported. We 131 

defined accumulation of multimorbidity as the first survey at which two or more conditions 132 

were reported or additional conditions were reported among women who were already with 133 

multimorbidity. This included three types of transition: 0 to 2 or more, 1 to 2 or more, or 134 

additional condition(s) from 2 or more. 135 

Assessment of covariates 136 

We included 10 covariates in the models which might be associated with chronic conditions 137 

from previous studies 2. There were  seven time-varying variables reported at each survey 138 

(marital status, area of residence, ability to manage on income, physical activity, alcohol 139 
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intake, smoking status, and menopausal status) and 3 fixed variables which were reported at 140 

baseline (age, education, country of birth).  141 

Marital status was categorized into married/de facto, divorced/separated/widowed or never 142 

married. Area of residence was classified into major cities, inner regional, outer regional, or 143 

remote/very remote locations. Education was classified into university/higher degree, 144 

trade/apprenticeship/diploma, high school certificate, or no qualifications. Ability to manage 145 

their available income was categorised into easy/not bad, difficult sometimes, difficult all of 146 

the time or impossible.  147 

Physical activity was categorized into sedentary (0-39 metabolic equivalent [MET] 148 

min/week), low (40-599 MET min/week), moderate (600-1199 MET min/week) or high 149 

(≥1200 MET min/week) 25. Alcohol intake was categorized into non-drinkers, low-risk 150 

drinkers (up to 14 drinks per week), or risky drinkers (more than 15 drinks per week). 151 

Smoking status was categorized into never smoked, ex-smoker or current smoker. 152 

Menopause status was determined based on the responses to survey questions about 153 

hysterectomy, oophorectomy, hormone use and menstrual pattern. It was categorized into 154 

surgical menopause (hysterectomy, oophorectomy or both), hormone use, pre-menopausal, 155 

peri-menopausal, or post-menopausal 26. 156 

Statistical analysis 157 

Descriptive statistics (mean and standard deviation, or frequency and percentages) were used 158 

to summarize the demographic, lifestyle, and menopausal characteristics of participants at 159 

baseline. Differences among groups were examined using independent-samples t-test or chi-160 

squared tests. All descriptive statistics were weighted by are of residence to account for the 161 

oversampling of women from remote areas. Sankey diagrams were constructed to 162 

characterize the dynamic transitions of BMI categories and weight changes over time.  163 
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For the main analysis, we examined the associations between baseline BMI, time-varying 164 

BMI, and weight change and accumulation of multimorbidity in two steps.  165 

Firstly, we examined the relationship between baseline BMI, or time-varying BMI (over 3-166 

year periods), or short-term weight change in relation to accumulation of multimorbidity over 167 

each subsequent 3-year period in three separate models, respectively. Repeated measures 168 

logistic regression was used to calculate odds ratios (ORs) with 95% confidence intervals 169 

(CIs) using generalized estimating equations. To minimize the possibility of reverse causality 170 

from weight loss due to behavioural intervention or treatment as a consequence of the 171 

diagnosis of chronic conditions or due to weight changes induced by the disease, weight 172 

change between two surveys were used to predict accumulation of multimorbidity at the next 173 

survey 4. For example, weight change between Surveys 3 to 4 were used to predict 174 

accumulation of multimorbidity between Surveys 4 to 5. In these models, women who did not 175 

accumulate multimorbidity (i.e., 0 to 0, 0 to 1, or no additional condition from 2 or more) 176 

were the reference group. All the three models were adjusted for sociodemographic, lifestyle, 177 

and menopausal covariates at the previous survey. For example, the accumulation of 178 

multimorbidity from Surveys 4 to 5 were modelled using covariates from Survey 4. 179 

Secondly, we constructed two models to estimate the potential influence of baseline BMI 180 

(adjusted model 1) or time-varying BMI (adjusted model 2) on the effect of short-term weight 181 

change on accumulation of multimorbidity. In adjusted model 1, baseline BMI and short-term 182 

weight change were included. In adjusted model 2, time-varying BMI and short-term weight 183 

change were included. Both models were adjusted for sociodemographic, lifestyle, and 184 

menopausal covariates. We also examined effect modification by including an interaction 185 

term for short-term weight change and baseline BMI or time-varying BMI in the two adjusted 186 

models, respectively.  187 
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Sensitivity analyses 188 

We performed three sensitivity analyses to check the robustness of our findings. Firstly, we 189 

re-ran all models using complete case data (i.e., only data from those women who responded 190 

to all eight surveys). Additionally, we performed subgroup analyses to examine the 191 

associations of short-term weight changes in relation to multimorbidity among each of the 192 

baseline and time-varying BMI categories. Because of the small number of women who were 193 

underweight, this category was combined with the normal weight group. Thirdly, we re-ran 194 

all the models in the main analysis using a multinomial outcome (i.e., accumulation of 0, 1, 195 

or ≥2 conditions at each survey). In these models, women with 0 conditions were the 196 

reference group. 197 

All analyses were performed using SAS (version 9.4, SAS Institute Inc.). All statistical tests 198 

were two-sided, and P < 0.05 was considered to be statistically significant. 199 

Results  200 

Characteristics of participants 201 

Among 13,714 women who returned Survey 1, 3946 women reported a history of at least one 202 

of the nine conditions and were excluded. The final analytic sample comprised 7357 women 203 

who provided information on body weight and the nine conditions at three or more 204 

consecutive surveys from 1996 to 2016 (Figure 1).  205 

Over 20 years, 60.4% (n=4442) of women developed multimorbidity. Women who 206 

accumulated multimorbidity were more likely to be overweight, obese, or very obese at 207 

baseline; to have a low education level; to have difficulty in managing on their available 208 

income; to have low levels of physical activity; to be smokers; or to have surgical menopause 209 

(Table 1). Baseline characteristics of women with a history of chronic conditions at baseline 210 
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were compared with the analysis sample in Supplement Table 1. Women with a history of 211 

chronic conditions who were excluded from current analysis were more likely to be obese, or 212 

very obese at baseline; to be separated, divorced, widowed, or never married compared with 213 

being married; to have difficulty in managing on their available income; to be risky drinkers; 214 

to be smokers; or to have had surgical menopause (Supplement Table 1). 215 

Longitudinal progression of BMI and weight changes 216 

The prevalence and transition patterns for women in different BMI and weight change 217 

categories are shown in Figure 2 and Figure 3. Over time, an increase in the prevalence of 218 

overweight and obesity was seen, particularly for women in the obesity and very obesity 219 

groups (Figure 2). The prevalence of women in the very obese group doubled (9% vs. 4%) 220 

over the 20 years. Substantial changes across different weight changes were also seen 221 

(Figure 3). For example, at each survey, nearly half of the women in the stable group 222 

changed to other weight change groups at the next survey.  223 

Associations of baseline BMI, time-varying BMI, and short-term weight change with 224 

accumulation of multimorbidity 225 

Baseline BMI, time-varying BMI, and short-term weight change were all associated with the 226 

accumulation of multimorbidity (Table 2). High weight gain was associated with a 25% 227 

increased odds of multimorbidity (OR 1.25, 95% CI 1.08-1.45) compared to maintaining a 228 

stable weight.  229 

In the adjusted models, baseline BMI, time-varying BMI, and short-term weight change 230 

remained significantly associated with the accumulation of multimorbidity (Table 2). In the 231 

model adjusted for baseline BMI (adjusted model 1), high weight gain was associated with a 232 

24% increased odds of multimorbidity (OR 1.24, 95% CI 1.07-1.44), being obese and very 233 

obese were associated with 64% and 81% increased odds of multimorbidity, respectively. In 234 
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the model adjusted for time-varying BMI (adjusted model 2), high weight gain was 235 

associated with a 34% increased odds of multimorbidity (OR 1.34, 95% CI 1.16-1.54), being 236 

obese and very obese were associated with 71% and 92% increased odds of multimorbidity, 237 

respectively. Weight loss was not associated with the accumulation of multimorbidity in all 238 

of the models (Table 2). The sensitivity analyses, in which we used complete case data, 239 

provided similar results to the primary analysis (Supplement Table 2). Similar results were 240 

obtained in the multinomial outcomes analyses. Slightly higher odds of accumulating 241 

multimorbidity were noted for high weight gain groups compared with the results using 242 

binomial outcomes (0 or 1, 2 or more) (Supplement Table 3). 243 

In subgroup analyses, high weight gain was associated with 41% and 80% increased odds of 244 

accumulation of multimorbidity in overweight women at baseline or time-varying overweight 245 

(OR 1.41, 95% CI 1.04-1.90; OR 1.80, 95% CI 1.31-2.46; respectively). High weight loss 246 

was also associated with increased risk of accumulation of multimorbidity, but this effect was 247 

only seen for women with normal weight at baseline or time-varying normal weight (OR 248 

1.52, 95% CI 1.08-2.14; OR 1.64, 95% CI 1.00-2.69; respectively) (Table 3). 249 

Discussion 250 

Few studies have sought to estimate the association between short-term weight change and 251 

accumulation of chronic conditions and multimorbidity in prospective studies. Our analysis 252 

showed that short-term high weight gain was significantly associated with accumulation of 253 

multimorbidity over 3-year periods through women’s midlife. This association remained after 254 

adjusting for initial BMI at the age of 45-50 or time-varying BMI. However, contrary to our 255 

hypothesis, we found that weight loss was also associated with increased risk of 256 

multimorbidity in those who were normal weight at baseline or using time-varying BMI. 257 

Comparison with other studies and implications  258 
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The findings that both initial and time-varying BMI are associated with accumulation of 259 

multimorbidity are consistent with those from a number of other prospective cohort studies 7, 260 

27, 28. In a study using data from the Canadian Longitudinal National Population Healthy 261 

Survey, obesity was shown to be associated with a 2-3 times higher prevalence of 262 

multimorbidity 28. By using data from the ALSWH, in a previous analysis we found that 263 

overweight and obesity (over a 3-year period) was associated with 3 times greater odds of 264 

cardiometabolic multimorbidity (coexistence of diabetes, heart disease, and stroke) among 265 

mid-aged women during 20 years follow up 27. A pooled analysis of individual-level data of 266 

16 cohort studies from the U.S. and Europe found that obesity at the mean age of 51.4 years 267 

(range 35-103) was associated with more than a five times increased risk of cardiometabolic 268 

multimorbidity during a mean follow-up of 10.7 years 7.  269 

Compared with studies using either BMI from one-time point only (baseline) or outcomes 270 

over a long accumulation period, our study showed that associations between BMI (measured 271 

at multiple time-points) and incidence of chronic conditions could be seen over shorter 272 

intervals of three years. We also found that the odds of developing multimorbidity was 273 

associated with short-term high weight gain, and this effect remained after adjusting for 274 

initial or time-varying BMI. Further, our study included a broader range of chronic 275 

conditions, including mental health disorders, cancer, chronic respiratory diseases, and 276 

arthritis. These findings may reflect at least four underlying issues. 277 

First, the roles of duration of obesity and weight change as risk factors for accumulation of 278 

chronic conditions and multimorbidity. The ORs for all three body weight indicators were 279 

similar in the individual models and the adjusted models, suggesting initial higher BMI or 280 

time-varying high BMI and high short-term weight gain are all similarly goods predictors of 281 

the accumulation of chronic conditions or multimorbidity in mid-aged women. This finding is 282 

supported by findings of previous studies using one or two of these indicators 7, 27, 28.  283 
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Second, the potential multiplicative effect of initial or time-varying BMI and short-term 284 

weight gain on the accumulation of multimorbidity. For example, for women who were 285 

already obese at baseline or had time-varying obesity, high weight gain was associated with 286 

41% and 80% increased odds of accumulation of multimorbidity, which is much higher than 287 

women who were normal weight.  288 

Third, the timing of weight gain during early adulthood and the latency of the effect of 289 

weight gain on accumulation of chronic conditions and multimorbidity. Previous studies have 290 

found that weight change during early adulthood over longer periods than those considered in 291 

this study is associated with many chronic conditions. For example, using data from the 292 

Nurses’ Health Study and Health Professionals Follow-Up Study, Zheng et al. found that 293 

weight gain from early to middle adulthood was associated with increased risk of type 2 294 

diabetes, hypertension, cardiovascular disease, obesity-related cancer, and osteoarthritis 295 

compared with women who maintained a stable weight 29. 296 

Fourth, the role of short-term weight loss in the accumulation of multimorbidity. The impact 297 

of weight loss on the majority of obesity-related conditions remains controversial; the results 298 

vary widely depending on the magnitude and duration of weight loss 30. In our study, short-299 

term weight loss was not associated with a change in the risk of multimorbidity in the main 300 

analyses, and was associated with increased risk of multimorbidity for sub-group of normal 301 

weight women. A recent cohort study also suggested that short-term weight loss was 302 

associated with increased risk of morbidity and mortality among cardiovascular related 303 

chronic conditions in those who were normal weight at baseline 18. Data from the two studies 304 

emphasized the important association between weight loss and the accumulation of chronic 305 

conditions and mortality in mid-aged and older people over time.  306 
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These findings have significant implications for clinical practice and public health promotion. 307 

First, they may help with counselling women regarding the benefits of maintaining a healthy 308 

weight and the risk of short-term weight gain throughout middle adulthood. Second, 309 

interventions targeting overweight or obesity before mid-aged might help mitigate the effects 310 

of weight gain on chronic conditions. Third, weight loss could be harmful in women who are 311 

normal weight; small beneficial effects were seen for overweight and obese women, but there 312 

were not statistically significant. The findings from the current study and others collectively 313 

suggest that interventions (i.e., physical activity and cardiorespiratory fitness) that could 314 

maintain a healthy weight may slow the accumulation of chronic conditions, and furtherly 315 

have the potential to lead to significant decreases in mortality 18, 31, 32. 316 

Strengths and limitations 317 

Our study has several strengths. First, both the exposure (body weight) and outcomes 318 

(chronic conditions and multimorbidity) are current national health priorities for Australia 24, 319 

33, and our results may provide evidence to support health policy and planning. Second, we 320 

used prospective longitudinal data collected over 20 years for a large representative sample of 321 

Australian women. Given that both body weight and incidence of chronic conditions typically 322 

change over time across all life-stages 34-36, our approach, using a prospective cohort study 323 

with repeated measurements, allowed us to examine these changes across women’s midlife. 324 

Third, this study focused on women’s midlife, a unique period of vulnerability during which 325 

they experience menopausal transition, weight gain, and onset of various chronic conditions 326 

14, 26, 27.  327 

This study also has several limitations. First, BMI and disease status relied on self-reported 328 

information, and thus are susceptible to reporting errors. However, previous studies have 329 

demonstrated the validity of BMI calculated from self-reported height and weight, lifestyle 330 

factors and most of the chronic conditions 25, 37-39. For example, self-reported diabetes, heart 331 
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disease and stroke were validated with hospital data in women who were hospitalised in New 332 

South Wales, Australia 40. The prevalence and bias adjusted kappa for the three conditions 333 

were 0.93, 0.91, and 0.98 respectively. The information on cancer has been validated against 334 

Cancer Registry data with 89% sensitivity and 97% specificity 41. Second, the results depend, 335 

to some extent, on the conditions included in the study. A number of less common conditions, 336 

such as liver or kidney disease, were not included. Third, previous studies show that physical 337 

activity and cardiorespiratory fitness are important predictors in the development of chronic 338 

conditions 42, 43. However, our study did not assess fitness and assessed physical activity with 339 

a relatively crude measure 31, 32. Fourth, although we used data from a prospective cohort 340 

study, which has greatly advanced the understanding of the causality, diseases can cause 341 

weight loss and drugs used to treat disease might cause weight gain. Additionally, the study 342 

sample was entirely female, which limits the generalizability of the findings. However, the 343 

study sample is broadly representative of mid-aged women born in Australia. 344 

Multimorbidity often requires complex treatment, management and interventions, which in 345 

turn leads to challenges for patients, medical practitioners, and healthcare systems 2, 44. More 346 

well controlled prospective studies are needed to understand better the natural history and 347 

transitions of both body weight and chronic conditions 2, 30. In addition, as discussed in the 348 

limitations, more studies that assess fitness and accurately measure physical activity are 349 

needed to determine the relative importance of fitness and physical activity on body weight 350 

change 31, 32, 42, 43, 45. Finally, more prospective studies are warranted to understand which 351 

combination of chronic conditions together most frequently, and how the conditions 352 

combination progress over time among women with body weight gain or loss. 353 

Conclusion  354 
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Short-term weight gain was associated with significantly increased risk of multimorbidity in 355 

mid-aged women; this association is independent from baseline (45-50 years) and time-356 

varying BMI. However, weight loss was also associated with increased odds of 357 

multimorbidity in women with normal BMI. These findings indicate that maintaining healthy 358 

body weight through midlife and preventing weight gain before middle adulthood might 359 

prevent or slow the accumulation of multimorbidity.  360 
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Figure legends 546 

 547 

Figure 1. Flowchart showing the selection of participants 548 

* According to the research design, weight change between two surveys were used to predict 549 

accumulation of multimorbidity at the next survey. 550 
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 551 

Figure 2. Longitudinal transitions of women in different BMI categories. 552 

The bars with different colours show the distribution of different BMI categories at each 553 

survey, and the links between bars show the flow from one category to another. 554 
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 555 

Figure 3. Longitudinal transitions of women in different weight change categories 556 

The bars with different colours show the distribution of different categories at each survey, 557 

and the links between bars show the flow from one category to another. 558 
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Tables  560 

Table 1. Baseline (1996) body mass index and other characteristics of women by number of 561 

chronic conditions developed during 20 years follow-up in the analysis sample (n=7357) 562 

Characteristic 

Number of chronic conditions 

p-value a 0 or 1 (n=2915) ≥ 2 (n=4442) 

Age at baseline 47.5 (1.5) 47.6 (1.5) 0.002 

BMI 24.3 (3.9) 26.0 (5.0) < 0.001 

BMI categories   < 0.001 

Underweight (< 18.5 kg/m2) 1.5 1.6  

Normal weight (18.5-24.9 kg/m2) 64.4 49.4  

Overweight (25-29.9 kg/m2) 25.9 29.3  

Obese (30-34.9 kg/m2) 6.0 13.6  

Very obese (≥ 35 kg/m2) 2.1 6.1  

Marital status   0.182 

Married/de facto 84.4 82.7  

Separated/divorced/widowed 12.7 14.0  

Never married 2.9 3.3  

Area of residence   0.013 

Major cities 68.6 66.1  

Inner regions 18.6 21.7  

Outer regions 10.6 10.2  

Remote/very remote 2.2 2.0  

Education   < 0.001 

University/Higher degree 20.4 14.9  

Trade/apprenticeship/diploma 20.5 20.9  

High school certificate 18.4 15.4  

No qualifications 40.7 48.8  

Country of birth   0.025 

Australia 69.0 71.4  

Outside Australia 31.0 28.6  

Ability to manage on income   < 0.001 

Easy/not bad 7.8 14.3  
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Sometime difficult 22.6 27.4  

Impossible/difficult always 69.6 58.3  

Physical activity   < 0.001 

High (≥ 1200 MET min/week)  24.3 28.7  

Moderate (600-1199 MET min/week)  30.1 30.8  

Low (40-599 MET min/week) 27.7 25.5  

Nil/sedentary (0-39 MET min/week) 18.0 15.0  

Alcohol intake   < 0.001 

Low risk 57.7 50.6  

Non/rarely 36.2 44.2  

Risky 4.4 5.2  

Smoking status   < 0.001 

Never 59.4 53.4  

Ex-smoker 28.1 29.0  

Current 12.5 17.6  

Menopausal status    < 0.001 

Surgical menopause 14.7 23.9  

Hormone use 14.8 15.7  

Pre-menopausal 43.4 32.4  

Peri-menopausal 22.4 23.1  

Post-menopausal 4.6 5.0  

Note.  Data are presented as % or mean ± standard deviation unless otherwise indicated, and 563 

weighted by area of residence.  564 

a Independent-samples t-test was used for continuous variable (age); chi-squared analyses 565 

were used for categorical variables. 566 
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Table 2. Associations (ORs and 95% CIs) of baseline BMI, time-varying BMI, and short-568 

term weight change with accumulation of multimorbidity (n=7357) 569 

Individual 

models 

Adjusted 

model 1 

Adjusted 

model 2 

Baseline BMI 

Underweight (< 18.5 kg/m2) 0.82 (0.63, 1.05) 0.78 (0.59, 1.03) 

Normal weight (18.5- 24.9 kg/m2) Ref Ref 

Overweight (25-29.9 kg/m2) 1.29 (1.21, 1.39) 1.27 (1.18, 1.36) 

Obese (30-34.9 kg/m2) 1.66 (1.52, 1.82) 1.64 (1.49, 1.79) 

Very obese (≥ 35 kg/m2) 1.81 (1.60, 2.04) 1.81 (1.59, 2.06) 

Time-varying BMI 

Underweight (< 18.5 kg/m2) 0.94 (0.68, 1.28) 0.91 (0.66, 1.26) 

Normal weight (< 24.9 kg/m2) Ref Ref 

Overweight (25-29.9 kg/m2) 1.27 (1.18, 1.37) 1.29 (1.20, 1.39) 

Obese (30-34.9 kg/m2) 1.69 (1.54, 1.84) 1.71 (1.56, 1.87) 

Very obese (≥ 35 kg/m2) 1.84 (1.64, 2.06) 1.92 (1.71, 2.16) 

Short-term weight change 

High loss (≤ −5%) 1.16 (0.95, 1.41) 1.05 (0.86, 1.29) 0.98 (0.80, 1.20) 

Moderate loss (−5 to ≤ −2.5%) 1.14 (1.01, 1.29) 1.10 (0.97, 1.24) 1.06 (0.94, 1.19) 

Small loss (−2.5 to ≤ −1.0%) 1.07 (0.98, 1.17) 1.05 (0.96, 1.15) 1.04 (0.94, 1.14) 

Stable (−1.0 to ≤ +1.0%) Ref Ref Ref 

Small gain (+1.0 to ≤ +2.5%) 1.08 (1.00, 1.16) 1.07 (0.99, 1.16) 1.09 (1.01, 1.18) 

Moderate gain (+2.5 to ≤ +5%) 1.11 (1.01, 1.22) 1.09 (0.99, 1.20) 1.13 (1.03, 1.24) 

High gain (> +5%) 1.25 (1.08, 1.45) 1.24 (1.07, 1.44) 1.34 (1.16, 1.54) 

Individual models: the three models (baseline BMI, time-varying BMI, and short-term weight 570 

change) were all adjusted for age at baseline, marital status, area of residence, education, 571 

country of birth, ability to manage on income, physical activity, alcohol intake, smoking 572 

status, and menopausal status. 573 

Adjusted model 1: including short-term weight change, BMI categories at baseline, and all 574 

covariates in the individual model; there was no evidence of interaction between baseline 575 

BMI and short-term weight change (P = 0.17). 576 

Adjusted model 2: including short-term weight change, time-varying BMI, and all covariates 577 

in the individual model; there was some evidence of interaction between time-varying BMI 578 

and short-term weight change (P = 0.08). 579 
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Table 3. Associations (ORs and 95% CIs) of short-term weight change with accumulation of 580 

multimorbidity according to baseline, time-varying BMI categories (n=7357) 581 

Short-term weight change 

Normal weight 

(≤ 24.9 kg/m2) 

Overweight 

(25-29.9 kg/m2) 

Obese 

(≥ 30 kg/m2) 

Baseline BMI 

High loss (≤−5%) 1.52 (1.08, 2.14) 0.91 (0.63, 1.30) 0.82 (0.59, 1.15) 

Moderate loss (−5 to ≤ −2.5%) 1.22 (1.02, 1.47) 0.92 (0.74, 1.14) 1.10 (0.87, 1.39) 

Small loss (−2.5 to ≤ −1.0%) 1.15 (1.01, 1.31) 0.93 (0.79, 1.11) 1.00 (0.81, 1.22) 

Stable (−1.0 to ≤ +1.0%) Ref Ref Ref 

Small gain (+1.0 to ≤ +2.5%) 1.09 (0.97, 1.21) 0.97 (0.84, 1.12) 1.22 (1.01, 1.47) 

Moderate gain (+2.5 to ≤+5%) 1.08 (0.93, 1.24) 1.03 (0.87, 1.22) 1.22 (0.99, 1.50) 

High gain (>+5%) 1.19 (0.96, 1.48) 1.24 (0.95, 1.61) 1.41 (1.04, 1.90) 

Time-varying BMI 

High loss (≤−5%) 1.64 (1.00, 2.69) 0.89 (0.62, 1.28) 0.88 (0.67, 1.16) 

Moderate loss (−5 to ≤ −2.5%) 1.23 (0.97, 1.56) 0.94 (0.77, 1.15) 1.04 (0.86, 1.27) 

Small loss (−2.5 to ≤ −1.0%) 1.20 (1.03, 1.40) 1.01 (0.86, 1.18) 0.89 (0.75, 1.06) 

Stable (−1.0 to ≤ +1.0%) Ref Ref Ref 

Small gain (+1.0 to ≤ +2.5%) 1.16 (1.03, 1.31) 0.97 (0.84, 1.11) 1.16 (0.99, 1.36) 

Moderate gain (+2.5 to ≤+5%) 1.18 (1.01, 1.38) 1.04 (0.89, 1.22) 1.17 (0.97, 1.42) 

High gain (>+5%) 1.29 (1.04, 1.60) 1.19 (0.92, 1.53) 1.80 (1.31, 2.46) 

The results are from six models, each model includes a baseline or time-varying BMI 582 

category (normal weight, overweight, or obese) and short-term weight change, and was 583 

adjusted for age at baseline, marital status, area of residence, education, country of birth, 584 

ability to manage on income, physical activity, alcohol intake, smoking status, and 585 

menopausal status. 586 
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