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Abstract 

 

Reproductive Factors and Change in Weight/BMI During Menopausal Transition 

 

By Jingxuan Zhao 

 

During the transition from peri-menopausal to post-menopausal, many women experience 

gains in weight and obesity. The reproductive period may be a critical time where 

changes in energy balance, maternal insulin resistance, and increased fat deposition in 

myocardial tissue occurs – influencing adult weight change. This study examined the 

association between reproductive characteristics (early menarche, age at first birth, parity, 

and lactation), and weight gain during the menopausal transition, overall, and in strata of 

race/ethnic groups. 

 

We used the data from Study of Women’s Health Across the Nation (SWAN), which 

included 1560. The outcomes of interest were the absolute changes in body mass index 

(BMI) and weight between baseline visit and visit 10. Weight and height were measured 

by study personnel. The exposures of interests, assessed via interviewer administered 

questionnaire, included menarche age, age at first birth, parity, lactation. Multiple linear 

regressions were conducted to evaluate the relation between change in obesity status and 

reproductive factors. 

 

Women with a menarche age of 12 or 13 were less likely to experience gains in BMI 

compared with earlier menarche group (age 11) in all race/ethnicity groups (ß= -0.49, 

95% CI: [-0.97, -0.01] and ß= -0.5, 95% CI: [-1.00, -0.05] for BMI and weight change, 

respectively). Women with 1 or 2 children had less gain in weight compared with women 

with no children (ß= -1.59, 95% CI: [-3.16, -0.02] and ß= -1.47, 95% CI: [-2.80, -0.14], 

respectively). We observed heterogeneity for the association between menarche age and 

BMI/weight change, parity and BMI/weight change, as well as lactation and BMI/weight 

change by race/ethnicity, with Chinese or Chinese American women more likely to 

experience gains in BMI or weight. 

 

This study indicated that early menarche and null-parity were risk factors for weight gain 

and BMI increase during menopausal transition, particularly among Japanese or Japanese 

American women for parity and among African American for early menarche. 

 

 

 



 

 

Reproductive Factors and Change in Weight/BMI During Menopausal 

Transition 

 

 

 

 

By 

 

 

 

Jingxuan Zhao 

 

B.Sc., Peking University, 2015 

 

 

 

Thesis Committee Chair: Lauren McCullough  

 

 

 

 

 

 

 

 

A thesis submitted to the Faculty of the  

Rollins School of Public Health of Emory University 

in partial fulfillment of the requirements for the degree of  

Master of Public Health 

in Epidemiology 

2017 

  



 

 

 

 

 

 

 

 

Acknowledgements 

 

I would especially like to thank my thesis advisor, Dr. Lauren McCullough, for giving me 

advice on the topic, on data analysis, patiently reviewing my thesis and giving 

constructive feedback.  

 

I would like to thank my parents and my boyfriend. Their love keeps me going. 

 

  



Table of Contents 

 

CHAPTER 1. INTRODUCTION AND BACKGROUND .............................................................. 1 

1.1 Obesity ................................................................................................................................... 1 

1.1.1 Obesity in the United States ........................................................................................... 1 

1.1.2 Obesity and mortality ..................................................................................................... 2 

1.1.3 Obesity and chronic disease ........................................................................................... 2 

1.2 BMI, weight gain and the menopausal transition .................................................................. 4 

1.3 Risk factors for weight gain during menopausal transition ................................................... 5 

1.3.1 Psychological condition and weight gain during the menopausal transition ................. 5 

1.3.2 Life style and weight gain during the menopausal transition......................................... 5 

1.4.1 Lactation: A candidate risk factor for weight gain during menopausal transition ......... 8 

1.4.2 Race/Ethnicity: A potential effect measure modifier ..................................................... 9 

1.5 Significance of thesis .............................................................................................................. 9 

1.6 Specific Aims and Hypothesis: ............................................................................................. 11 

CHAPTER 2 REPRODUCTIVE FACTORS AND CHANGE IN WEIGHT/BMI DURING 

MENOPAUSAL TRANSITION ............................................................................................... 12 

2.1 Introduction ......................................................................................................................... 13 

2.2 Methods ............................................................................................................................... 14 

2.2.1 Population ..................................................................................................................... 14 

2.2.2 Outcome assessment .................................................................................................... 15 

2.2.4 Covariate assessment ................................................................................................... 16 

2.2.5 Statistical methods ........................................................................................................ 17 

2.3 Results .................................................................................................................................. 17 

2.3.1 Menarche age ............................................................................................................... 18 

2.3.2 Parity ............................................................................................................................. 19 

2.3.3 Age at first birth ............................................................................................................ 20 

2.3.4 Lactation........................................................................................................................ 20 

2.4 Discussion............................................................................................................................. 20 



CHAPTER 3. FUTURE DIRECTIONS ..................................................................................... 28 

3.1 Conclusion ............................................................................................................................ 28 

3.2 Public Health Implications ................................................................................................... 28 

3.3 Future Directions ............................................................................................................. 29 

Appendix 1. DAG and Pathways ........................................................................................ 35 

Appendix 2. Backward Elimination for Model Selection .................................................. 51 

 

 

 

  

  



1 
 

CHAPTER 1. INTRODUCTION AND BACKGROUND 

1.1 Obesity 

1.1.1 Obesity in the United States 

The prevalence of overweight (body mass index [BMI] 25.0 kg/m2–29.9 kg/m2) and 

obesity (BMI greater than or equal to 30.0 kg/m2) has dramatically increased during the 

past few decades in the United States (1). The 2011–2012 National Health and Nutrition 

Examination Survey (NHANES) showed that 33.9% of adults are overweight, 35.1% are 

obese, and 6.4% are extremely obese (BMI greater than or equal to 40.0 kg/m2) (2). 

NHANES data indicates a steady increase of the obesity prevalence in the past four decades 

and a recent study suggests that this rate will remain on the rise (2). Between 1971 and 

2012, the age-adjusted prevalence of obesity rose from 13.4% to 35.3% and the total 

population rate of extreme obesity rate increased from 0.9% to 6.6% (2). 

The rise in the obesity prevalence exists among all age, gender, race/ethnicity and 

socioeconomic groups (3, 4). However, data have shown disparities in obesity rate among 

different groups (3, 5). The prevalence of obesity increased with age, and more than 70% 

of adults aged 60 years or older are obese or overweight (3). Between 2011-2012 two thirds 

of men and women were classified as overweight or obese however, women had a slightly 

higher obesity rate than men (36.1% vs. 33.5%) (2). Data from 1988 to 2012 showed large 

racial/ethnic disparities in obesity rate with non-Hispanic Blacks having the highest 

prevalence (2). The racial/ethnic difference was more pronounced among women 

compared to men (2, 5). Among women, the obesity prevalence for non-Hispanic Whites 
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was 32.8% while for the non-Hispanic Blacks it was 56.6% (2). Hispanics women has an 

obesity rate of 44.4%, while Non-Hispanic Asians had the lowest rate of obesity 11.4% (2). 

1.1.2 Obesity and mortality 

Studies suggested that people with excess weight experience shorter lifespan 

compared with their normal weight counterparts. A study of an average follow-up of seven 

years with more than 90,000 women indicated that extremely obese women had 2-fold risk 

of shorter life span (6). One prospective study examining the association between BMI and 

mortality among healthy non-smoking males and females aged 50-71 years showed a 20%-

40% increase in death rate among the overweight group and 2-3-foldincrease among the 

obese persons, when compared to people of normal weight (7). Another prospective study 

for a cohort of healthy, non-smoking White and Black U.S. adults estimated a 2-3-fold 

increase in mortality rate for obese and extremely obese people (8). 

1.1.3 Obesity and chronic disease 

Obesity, itself, is a chronic disease and a predictive factor for many other chronic 

diseases as well as disease-specific mortality (1). 

1.1.3.1 Obesity and type II diabetes 

The close relationship between diabetes and obesity has been described in numerous 

biological and epidemiologic studies. The colloquial term ‘diabesity’ demonstrates the 

intersect of these diseases (9). Type II diabetes mellitus is estimated to represent about 90% 

of all diabetes, and the frequency of type II diabetes closely mirrors that of obesity (10). 

Moreover, the trend of the increase in the prevalence of type II diabetes mellitus also 
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parallels the trend of the increase in the prevalence of obesity (11). Insulin resistance and 

insulin deficiency are the two pathophysiologic pathways that link obesity and type II 

diabetes mellitus (12). A meta-analysis found that the risk of developing diabetes is 

increased 7-fold (RR= 7.19) when comparing individuals with BMI>30 to those with 

BMI<25 (13). It is estimated about a 10-fold increase in diabetes incidence among people 

who are obese (14). 

1.1.3.2 Obesity and cancer 

    Evidence has shown that excess body weight increase cancer risk at several sites, 

including breast, kidney, endometrium (15, 16). A study among postmenopausal women 

demonstrated that a 5 kg/m2 in BMI was associated with a 10% increased risk of breast 

cancer (RR = 1.19, 95% CI = 1.05 to 1.34) (17). A case-control study including 810 cases 

and 3,106 controls observed a more than 2-fold increase the risk of renal cell (OR = 2.57, 

95% CI = 2.02-3.28) and non-renal cell cancer (OR = 2.79, 95% CI = 1.70-4.60) among 

obese participants (18). Data support the positive association between BMI and 

endometrial cancer incidence. A case-cohort study showed that compared with women 

with BMI between 20 kg/m2 and 22.9 kg/m2, those with a BMI 30 kg/m2 or greater had 

about a 4.5-fold increased risk of endometrial cancer (19).  

1.1.3.3 Obesity and coronary heart disease 

Accumulating evidence suggest that obesity is a strong risk factor for coronary heart 

disease (CHD). Obesity has been associated with hypertension, dyslipidemia, and insulin 

resistance (20). A meta-analysis of 21 cohort studies including more than 300,000 persons 
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with a total of 18,000 CHD events reported RRs for overweight and obesity were 1.32 

(1.24-1.40) and 1.81 (1.56-2.10) compared to normal weight individuals (20). A cohort 

study with 16 years of follow-up including 2,771 CHD cases among men and 2,359 CHD 

cases among women found the RRs comparing BMI≥30.0 kg/m2 with BMI 18.5 to 22.9 

kg/m2 were 2.13 (95% CI, 1.82–2.48) among men and 2.48 (95% CI, 2.20–2.80) among 

women (21). 

1.2 BMI, weight gain and the menopausal transition 

In the US population, the prevalence of obesity is higher among women than men (22). 

The reason for this disparity might be due to fluctuations in sex hormones during menarche, 

pregnancy, and menopause (22). Menopause transition, the period of time before the 

permanent cessation of menstrual function and the termination of reproductive capability, 

is a critical period for women health (23). The median age for menopausal transition is 51 

years in North America (22). Women have relative high risk of experiencing weight gain 

and increased central body fat distribution during the menopausal transition and studies 

have shown that weight increases are primarily due to chronological aging, while changes 

in body fat distribution are due to ovarian aging (24). There are several changes that occur 

during the menopausal transition including: (1) increases in body mass and extracellular 

fluid; (2) decreases in bone and lean body mass; and (3) decreases in body protein (25). A 

cross sectional study including 53 healthy, middle aged, premenopausal women and 28 

early-postmenopausal women found among early-postmenopausal women, total body fat 
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mass for was 28% higher (23+/- 7 vs. 18+/-7 kg, P<0.01) and intra-abdominal was 49% 

greater (88.32 vs. 59.32 cm2) than that of premenopausal women (26). Many risk factors 

have been suggested to associate with weight gain during menopausal transition. These 

factors include life style, psychological conditions, and certain reproductive factors (e.g. 

early menarche and multi-parity). 

1.3 Risk factors for weight gain during menopausal transition 

1.3.1 Psychological condition and weight gain during the menopausal transition 

Studies have shown a positive association between stress and weight gain during the 

menopausal transition. A meta-analysis of longitudinal studies on depression and weight 

control found that middle-age women suffering from stress were more likely to become 

obese (OR: 2.57, 95% CI: 2.27, 2.91) (27). Another study, based on the Penn Study of 

Ovarian Aging with 436 women aged 35-47 years, reported that depression was a major 

correlate of weight gain (OR: 1.9, 95% CI: 1.09, 3.31) (28). However, there are studies 

which report no association between psychological conditions and weight gain (29).  

1.3.2 Life style and weight gain during the menopausal transition 

Lifestyle factors including regular physical activity, smoking, and alcohol use have 

been associated with weight gain during the menopausal transition. Overall, an inverse 

association between physical activity and weight gain has been observed during the 

menopausal transition (24, 30, 31). A cohort study with 2-year follow-up among 232 

women aged 40-50 years found that women who reported increased physical activity 

during follow-up gained the least weight (0.8 ± 12.2 pounds) while those with the lowest 
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levels of physical activity had the most weight gain (5.3 ± 8.9 pounds) (24). Similarly, a 

prospective cohort study including 233 middle-age women with 20-months follow-up 

reported that physical activity uptake was associated with a 48% reduced likelihood (95% 

CI: 0.27, 0.98) of gaining abdominal fat (31).  

The association between smoking and weight gain during the middle-aged women is 

unresolved, and may vary by former/current smoking status. A cross-sectional study with 

617 women from southern Brazil found that smoking history was a risk factor for 

menopausal obesity with a prevalence ratio of 1.28 (95% CI: 1.07, 1.54) compared with 

nonsmokers (32). And this study found no relation between obesity during menopausal 

transition and current smoking status (PR: 0.80, 95% CI: 0.60, 1.05, compared with 

nonsmokers) (32). A cohort study with 5464 women showed that never-smokers and ex-

smokers were associated with a weight gain of around 2.5 kg compared with current 

smokers (P<0.0001) (33). Another study with 828 Japanese women aged 54 years showed 

that smoking history and smoking status were not associated with weight gain among 

middle-aged women (34). 

Alcohol may also be associated with weight gain during the menopausal transition. 

One study based on Swedish middle-aged women concluded that alcohol users appeared 

to have less body fat and less central fat (33). 

1.3.3 Reproductive factors and weight gain during the menopausal transition 

Few previous studies have reported the role of early reproductive factors and weight 
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gain during the menopausal transition (29, 32, 34-37). These factors examined include 

early menarche, parity, and age at first birth.  

1.3.3.1 Early menarche and weight gain during the menopausal transition 

During the 20th century, the menarche age fell significantly especially in the developed 

countries and the prevalence of overweight and obesity for women increased in the same 

period (38). A study examined 1638 women participating in the Offspring and the Third 

Generation Framingham Heart Study cohort and found a significant inverse trend (β=-0.6, 

P<0.0001) between age at menarche and BMI (37). A prospective cohort study in China, 

with 75,039 non-pregnant women aged 40-70 years, reported adjusted weight gain for 

women whose menarche age was 14, 15, 16, 17 and 18 years compared to women with 

menarche at age ≤13 years was -0.9 (1.1, 0.7), -1.2 (1.4, 1.0), -1.5 (1.7, 1.3), -1.8 (2.0, 1.6), 

-1.8 (-2.0, -1.5), respectively (35). These data suggest that early menarche may enhance 

the incidence of obesity during the menopausal transition. 

1.3.3.2 Parity and weight gain during the menopausal transition 

 Studies have demonstrated associations between multi-parity and weight gain during 

menopausal transition (23, 29, 32-35, 37, 39). A cross sectional analysis based on 5464 

women aged 45-73 years showed a long-term change in weight for nulliparous, 1 child, 2 

children, 3 children, 4 children and 5-8 children were 12.1kg (0.38kg), 13.0kg (0.30kg), 

13.3kg (0.23kg), 13.0kg (0.34kg), 15.4kg (0.68kg) and 16.7kg (1.13kg), respectively, with 

P<0.0001for the trend (33). Another cross sectional study with 617 women from South 

Brazil found women with 2 children and 3 or more had higher risk of general obesity 
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compared with nulliparous women or women with only one child (PR=1.44 [0.98-2.11] 

and 1.80 [1.43-2.27] respectively) (32). While associations in cross-sectional analyses 

appear to be consistent with the hypothesis that multi-parity is a risk factor for weight gain 

during the menopausal transition, temporal ambiguity limits causal inference.  

1.3.3.3 Age at first birth and weight gain during the menopausal transition 

An early first birth age may be a risk factor for weight gain and obesity during 

menopausal transition. A cohort study with 106 women ranging from 48 to 58 years at the 

Menox-outpatient clinic found an inverse association between age at first birth and obesity. 

The mean (SD) age for normal weight, overweight and obesity groups were 26.6 (5.1), 23.5 

(4.8), 22.4 (3.2), respectively (P<0.001) (23). Similarly, a Chinese cohort study with 

75,039 women also showed earlier age at first birth was related with higher risk of weight 

gain during the middle age.    

1.4 Limitation for previous studies 

1.4.1 Lactation: A candidate risk factor for weight gain during menopausal transition 

Lactation (or breastfeeding) may similarly influence metabolism in women, but has 

not been investigated in association with weight gain during menopausal transition; albeit 

several studies have linked breastfeeding to weight change after pregnancy (40-42). One 

such study reported lactation was positively associated with abdominal fat cell diameter 

(39). This data may suggest that breastfeeding could be a predictor for weight change 

among middle-aged women. 
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1.4.2 Race/Ethnicity: A potential effect measure modifier 

Most previous studies investigating associations between reproductive characteristics 

and weight/BMI changes were based on non-US cohorts primarily homogenous with 

respect to race and ethnicity. No previous study has investigated race/ethnicity as a 

potential effect measure modifier for the association between reproductive factors and 

weight gain during the menopausal transition.  

1.5 Significance of thesis 

The menopausal transition is a critical period for women health conditions and life 

quality. During the transition from peri-menopausal to post-menopausal, many women 

experience gains in weight and obesity (37, 43). Weight gain during the menopausal 

transition has been shown to be significantly associated with increased risk of chronic 

disease during adulthood (i.e., cardiovascular disease, breast cancer and diabetes) (36, 43, 

44). The study of risk factors for menopausal transition obesity will play an important role 

in designing interventions to reduce risk of several chronic conditions. This proposed study 

will evaluate the association between reproductive characteristics, including early 

menarche, age after first birth, parity, and lactation and weight gain during the menopausal 

transition.   

 Previous studies have primarily been conducted on the association between 

reproductive factors and obesity status during menopausal transition period, rather than 

changes (which more likely reflect metabolic disturbances), as proposed in this study. 

Additionally, there is a dearth of literature on associations between lactation and changes 



10 
 

in weight across the menopausal transition despite evidence that suggests lactation may 

alter the metabolism of women (45). Several investigations have been conducted on the 

association between parity and young age at first birth with weight gain in mid-life (23, 33, 

35), but to our knowledge none have investigated race/ethnicity as a potential effect 

measure modifier of the association (3, 5). There is substantial data to support racial/ethnic 

disparities with respect to obesity among US women (5, 46). It is therefore important to 

consider race/ethnicity in uncovering the drivers of weight and weight change during this 

important period of a women’s life. 

Study of Women’s Health Across the Nation (SWAN) is a multi-site, prospective, 

longitudinal study aimed to investigate the health condition of women during the 

menopausal transition (47). This resource provides a unique opportunity to understand the 

drivers of weight gain during the menopausal transition and the opportunity to examine 

these associations in strata of race/ethnicity. The SWAN cross-sectional study consisted of 

women aged 40-55 years who were randomly selected from locations across the United 

States (47). To maximize heterogeneity of the study population each study site 

oversampled women of a specific racial or ethnic group (e.g., African-American, Chinese, 

Hispanic, Japanese and Caucasian). Women included in the SWAN cohort completed 

baseline data on socioeconomic status, physical conditions, medical treatment history and 

a host of other factors. These data were updated annually.  
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1.6 Specific Aims and Hypothesis: 

Aim 1: To estimate the association between reproductive characteristics (early menarche, 

age at first birth, parity, and lactation), and weight gain (assessed via absolute change in 

BMI and weight [kg]) during the menopausal transition. 

Hypothesis 1: Reproductive factors associate with weight gain during the menopausal 

transition. 

Aim 2: To estimate the association between reproductive characteristics and weight gain 

during the menopausal transition by race/ethnicity. 

Hypothesis 2: Race will modify the association between reproductive characteristics 

and weight gain during the menopausal transition.  
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CHAPTER 2 REPRODUCTIVE FACTORS AND CHANGE IN WEIGHT/BMI DURING 

MENOPAUSAL TRANSITION 

Abstract 

Background: During the transition from peri-menopausal to post-menopausal, many 

women experience gains in weight and obesity. The reproductive period may be a critical 

time where changes in energy balance, maternal insulin resistance, and increased fat 

deposition in myocardial tissue occurs – influencing adult weight change. This study 

examined the association between reproductive characteristics (early menarche, age at 

first birth, parity, and lactation), and weight gain during the menopausal transition, 

overall, and in strata of race/ethnic groups. 

Methods: We used the data from Study of Women’s Health Across the Nation (SWAN), 

which included 1560. The outcomes of interest were the absolute changes in body mass 

index (BMI) and weight between baseline visit and visit 10. Weight and height were 

measured by study personnel. The exposures of interests, assessed via interviewer 

administered questionnaire, included menarche age, age at first birth, parity, lactation. 

Multiple linear regressions were conducted to evaluate the relation between change in 

obesity status and reproductive factors. 

Results: Women with a menarche age of 12 or 13 were less likely to experience gains in 

BMI compared with earlier menarche group (age 11) in all race/ethnicity groups (ß= -

0.49, 95% CI: [-0.97, -0.01] and ß= -0.5, 95% CI: [-1.00, -0.05] for BMI and weight 

change, respectively). Women with 1 or 2 children had less gain in weight compared with 
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women with no children (ß= -1.59, 95% CI: [-3.16, -0.02] and ß= -1.47, 95% CI: [-2.80, -

0.14], respectively). We observed heterogeneity for the association between menarche 

age and BMI/weight change, parity and BMI/weight change, as well as lactation and 

BMI/weight change by race/ethnicity, with Chinese or Chinese American women more 

likely to experience gains in BMI or weight. 

Conclusion: This study indicated that early menarche and null-parity were risk factors 

for weight gain and BMI increase during menopausal transition, particularly among 

Japanese or Japanese American women for parity and among African American for early 

menarche. 

 

 

2.1 Introduction 

The menopausal transition is a critical period for women’s health and quality of life. 

During the transition from peri-menopausal to post-menopausal, many women experience 

gains in weight and obesity (37, 43). Weight gain during the menopausal transition has 

been associated with increased risk of chronic disease during adulthood including 

cardiovascular disease, diabetes, and some cancers (36, 43, 44).  

Reproductive characteristics may be a critical contributor to weight change during the 

menopausal transition. The reproductive period, itself, is associated with energy imbalance, 

maternal insulin resistance, and fat deposition in the myocardial tissue. While physiologic 

changes occurring during the reproductive period could be an important contributor to mid-
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life weight change, limited epidemiologic data support these hypotheses. Several 

investigations have been conducted on the association between early menarche, parity and 

young age at first birth with weight gain in mid-life (23, 33, 35), but these studies have 

been limited to homogeneous populations of white women, despite accumulating evidence 

of racial/ethnic disparities with respect to obesity among US women (3, 5). In addition, 

lactation is also an important reproductive characteristic that influences the metabolism of 

women (45), but associations with weight gain during the menopausal transition are 

unknown. Finally, most previous study focused on weight change from adolescence up to 

the menopausal transition, but few studies have investigated weight change occurring 

during the menopausal transition period which likely represents the accumulation of 

visceral fat which is metabolically active and known to more strongly associate with 

chronic conditions like diabetes and cancer. The aims of this study are therefore to estimate 

the association between reproductive characteristics (early menarche, age at first birth, 

parity, and lactation), and weight gain (assessed as absolute changes in BMI or weight) 

during the menopausal transition, overall, and in strata of race/ethnic groups. 

2.2 Methods 

2.2.1 Population 

Study of Women’s Health Across the Nation (SWAN) is a multi-site, prospective, 

longitudinal study aimed to investigate the health condition of women during the 

menopausal transition (47). Women included in the SWAN cohort completed baseline data 

on reproductive factors, physical measures, socioeconomic status and physical conditions 
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(47). These data are updated annually (47). To maximize heterogeneity of the study 

population each study site oversampled women of a specific racial or ethnic group (e.g., 

African-American, Chinese, Hispanic, Japanese and Caucasian) (47). The multiethnic 

characteristics of the SWAN study population provide a unique opportunity to examine 

contributors to anthropometric characteristics during the menopausal transition by 

race/ethnicity. The eligibility criteria for women included in the parent study were aged 42-

52 years, with an intact uterus and at least one ovary, not pregnant or breastfeeding, having 

at least one menstrual period in the previous 3 months, and not using reproductive 

hormones. A total of 3302 eligible women were enrolled into the longitudinal study 

population of SWAN and completed the baseline study (1,550 Caucasian, 935 African 

American, 286 Hispanic, 250 Chinese, and 281 Japanese). 

This study is based on data from baseline visit and visit 10. We excluded women who 

missed visit 10 measurement (n=1063); women who had a hysterectomy or bilateral 

oophorectomy (n=209); women who were currently pregnant or breastfeeding (n=30); 

women with hormone therapy or took oral contraceptives within the previous 12 months 

(n=148); women who were still in pre-menopausal or early menopausal status by visit 10 

(n=174); and women who reported cancers other than non-melanoma skin cancer (n=11). 

Thus, 1560 women remained eligible for this study. 

2.2.2 Outcome assessment 

The outcomes of interest were changes in body mass index (BMI) and changes in 



16 
 

weight. The changes were defined as the absolute difference in BMI or weight between 

visit 10 and baseline visit. Discalced weight and height were measured by the study 

personnel, and BMI was calculated by weight (kilograms) divided by height (meters) 

squared.   

2.2.3 Exposure assessment 

The exposures of interests were reproductive factors (menarche age, age at first birth, 

parity, lactation) and data ascertained via interviewer-administered questionnaire. 

Lactation was the average months of breastfeeding for each live birth, calculated by 

dividing the total months of breastfeeding across all reported live-births by the number of 

live births reported. Categorization of exposure variables was determined a priori and based 

on classifications in similar investigations: age at menarche (<=11, 12, 13 and >=14 years); 

age at first birth (<=25, 26-30 and >=31 years); parity (1, 2 and >=3 children); and lactation 

(0, (0, 3], (3, 6] and >6 months). 

2.2.4 Covariate assessment 

Covariates for this study included race/ethnicity, age, education, family income, 

smoking status, alcohol consumption, and physical exercise. All the covariates were 

divided into several categories based on similar studies and available data. Education was 

categorized as high school or less, high school, college and post-college. Family income 

was divided into 4 groups: < $19,999, $20,000-$49,000, $50,000-$99,000 and > $100,000. 

Smoking status was assessed as never smokers, former smokers and current smokers. 
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Alcohol consumption was categorized as no, one or few drinks per day, and more than one 

drink per day. Physical exercise categories included less than, the same, and more frequent 

exercise compared to others. 

2.2.5 Statistical methods 

Descriptive methods were used to examine demographic and reproductive factor 

distributions of all women at baseline. Quantitative variables were estimated by mean and 

standard deviation; frequency and relative frequency were used for categorical ones. 

Multiple linear regression was performed to estimate the relation between reproductive 

factor and change in anthropometric characteristics using independent multivariate models 

for each exposure and of the outcomes of interest (BMI change and weight change). 

Directed acyclic graph (DAG) analyses were used to select covariates for consideration 

and backward elimination strategies employed to identify the final model based on a greater 

than 10% change in the beta estimate. The effect of each exposure was estimated overall, 

and within strata of race/ethnicity. Likelihood ratio test (a priori p=0.05) was used to exam 

the significance of the interaction between reproductive characteristics and race/ethnicity. 

Race/ethnicity was included in the overall model if it proved to be a confounder and was 

eliminated from the model if it was an effect measure modifier. 

A letter of IRB exemption with signature was received for this study. 

2.3 Results 

The mean age at baseline was 46.18 years (standard deviation (SD) =2.65) for the 1560 

women in the study. The mean BMI at baseline was 27.86 kg/m2 (SD=7.32 kg/m2) and 
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28.81 kg/m2 (SD=16.25 kg/m2) at visit 10. The mean weight at baseline was 74.03 kg 

(163.21 lb) (SD=21.25 kg [46.85lb]), and 76.38 kg (168.39 lb) (SD=20.78 kg [45.81 lb]) 

at visit 10. At baseline, 743 (47.63%) were at early peri-menopausal stage and 817 

(52.37%) were at pre-menopausal stage; at visit 10 1434 (91.92%) were post-menopausal 

and 126 (8.08%) were at late peri-menopausal stage. Among the 1560 women, 740 

(47.44%) were White non-Hispanic; 477 (30.58%) were African American; 166 (10.64%) 

were Chinese or Chinese American; 177 (11.35%) were Japanese or Japanese American; 

no Hispanic women were included in the study. (Table 1) 

2.3.1 Menarche age 

Among all the race/ethnicity groups, women with a menarche age of 12 or 13 were 

less likely to have an increase in BMI during the menopausal transition period compared 

to women with a menarche age of ≤ 11 (ß= -0.49, 95% confidence interval (95% CI): (-

0.97, -0.01); and ß= -0.5, 95% CI: (-1.00, -0.05), respectively). For women with late 

menarche (age ≥14), no significant difference was observed compared to women with 

menarche age ≤ 11. Race/ethnicity modified the relationship between menarche age and 

BMI change during the menopausal transition (P=0.0008). For African American women, 

a significant difference in BMI change was found between women with a menarche age of 

≤ 11 and 12, and the latter group had less increase in BMI during the menopausal transition 

(ß= -1.45, 95% CI: (-2.48, -0.42)). No other significant results were found for BMI change 

and menarche age for the other race/ethnicity groups. (Table 2) 
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A similar pattern was observed for weight change during the same time period. Women 

with a menarche age of 12 were less likely to gain weight compared with those with a 

menarche age of ≤ 11 for all race/ethnicity groups (ß= -1.42, 95% CI: (-2.69, -0.14)). 

Race/ethnicity similarly modified the association between menarche age and weight 

change (P<0.0001). African American women with a menarche age of 12 were less likely 

to gain weight compared with the early menarche (age ≤ 11) group (ß= -4.11, 95% CI: (-

6.79, -1.44)). Japanese or Japanese American with a menarche age of 13 were less likely 

to gain weight during the menopausal transition compared with menarche age ≤ 11 ones 

(ß= -2.40, 95% CI: (-4.47, -0.33)). No other significant results were observed for weight 

change and menarche age for the other race/ethnic groups. (Table 3) 

2.3.2 Parity 

While no significant associations were observed among all race/ethnic groups 

combined, race/ethnicity was found to modify for the relationship between parity and BMI 

change (P=0.0036). Women with 3 or more were less likely to have an increase in BMI 

compared with women with no children among Japanese or Japanese Americans (ß= -1.33, 

95% CI: (-2.31, -0.35)). Among White non-Hispanic women, women with 2 children had 

less increase in BMI compared to women with no children (ß= -0.74, 95% CI: (-1.42, -

0.06)). No other significant results were found among race groups. (Table 2). 

Among all race/ethnicity groups, women with one child or 2 children were less likely 

to gain weight than women with no child (ß= -1.59, 95% CI: (-3.16, -0.02); ß= -1.47, 95% 
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CI: (-2.80, -0.14), respectively). Race/ethnicity modified the relationship between parity 

and weight change (P=0.0024). Both Japanese/Japanese American and White non-

Hispanic women with more than 3 children has less weight gain compared to women with 

no children (ß= -2.80, 95% CI: (-5.12, -0.48) and ß= -2.14, 95% CI: (-3.92, -0.37), 

respectively). (Table 2, Table 3). 

2.3.3 Age at first birth 

We observed no meaningful associations between age at first birth and change in BMI 

or weight overall, or in strata of race/ethnic groups. (Table 2, Table 3).  

2.3.4 Lactation 

While we found no association between lactation and BMI or weight change during 

menopause transition overall, race/ethnicity did modify the relationship between lactation 

and BMI change (P=0.0012) as well as weight change (P=0.0201). Chinese or Chinese 

American women with lactation of greater than 6 months had less risk of gaining weight 

compared with those with no breastfeeding (ß= -2.08, 95% CI: (-4.04, -0.12)). White non-

Hispanic women were at higher risk of increasing weight with lactation compared with 

Chinese or Chinese American (Table 2, Table 3). 

2.4 Discussion 

Our study found that women with a menarche age of 12 or 13 were less likely to gain 

weight or increase in BMI compared with earlier menarche age among all race and ethnic 

groups. Additionally, women with 1 or 2 children had less gains in weight compared with 

women with no children. Overall, we found similar patterns of association for both BMI 



21 
 

and weight change – in addition to finding heterogeneity of the association by race/ethnic 

groups.  

While previous studies have assessed weight or BMI at a single discrete time point 

during the menopausal transition, few have prospectively assessed changes in 

anthropometric characteristics which likely represents the accumulation of metabolically 

active visceral fat, which more strongly associates with chronic conditions like diabetes 

and cancer. This study examined the change in obesity status during the menopausal 

transition, and importantly assessed heterogeneity of the association between reproductive 

characteristics and weight or BMI change among different race/ethnic groups. There is 

accumulating evidence that declines in estrogen could cause weight gain during 

menopausal transition through its effects on energy imbalance (reduced energy 

consumption and increased energy intake) (48-51). Given the reproductive period is closely 

linked with available estrogen – the main goal of this study was to understand the effect of 

various reproductive characteristics on weight and BMI change overall, and by race/ethnic 

subgroups. 

Our finding, of an inverse association between age at menarche and BMI/weight gains 

during the menopausal transition is consistent with one previous publication (34), and 

disagreement with another, which found no significant association between menarche age 

and weight gain during midlife (39). It is possible that early menarche subsequently leads 

to early menopause (52), the physiologic correlates of which lead to reduced lean body 
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mass and increased fat mass (53). 

Our finding of an inverse association between parity and BMI/weight gain are largely 

inconsistent with the available literature where parity is positively associated with obesity 

(35, 39, 49). Data show that nulliparous women are more likely to have early natural 

menopause while increasing parity was linked to later menopause (52). Interestingly, we 

observed no association for women with 3 or more than 3 children, compared to non-parous 

women, which could be due to the competing effects of insulin resistance and age at 

menopause. Insulin resistance is greater in multigravid women than in non-parous women 

(54-56), and is associated with obesity during menopausal transition (48). However, 

women with multi-children tend to have late menopause which may offset these insulin-

related effects.  

Previous studies suggest early age at first birth and no lactation would trigger weight 

increase after pregnancy and during menopause (35, 56-58). However, among all women, 

we observed no association. It may be that these two factors only influence anthropometric 

characteristics immediately after pregnancy and have little impact on weight downstream. 

This study, using 10-year longitudinal data from a multiethnic population, has several 

important strengths including complete assessment of weight and height by trained study 

personnel, reducing the likelihood of information bias. Moreover, our analyses focused on 

weight/BMI change during menopausal status, which had seldom assessed and may be 

biologically more relevant that weight at a single time point. Despite the strengths of this 
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study, there are important limitations that should be considered. While this study was well-

powered to estimate effects overall, we were limitedly able to assess race/ethnic specific 

effects. Further, although this is the first study to consider potential modification by 

race/ethnicity, after applying exclusion criteria we were unable to include Hispanics in our 

analyses.  

This study has several important public health implications.Understanding 

weight/BMI change during the menopausal transition is important because it may lead to 

reductions in obesity during the critical mid-life period. This results of this study showed 

that early menarche and nulliparity were risk factors for weight/BMI increase in 

menopause. Further studies should be conducted to understand the mechanisms underlying 

these observations. Additional insight could provide more targeted opportunities for 

education and intervention, and ultimately help to reduce the risk of obesity in midlife. 
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Table 1. Demographic characteristics for baseline visit (N=1560), Study of Women’s 

Health Across the Nation (SWAN), 1996-2008 

Demographic characteristics Mean ± SD or N (%) 

Age 46.18±2.65 

BMI 27.86±7.32 

Menarche age at visit 0, year  

    <=11 360 (23.23) 

    12 412 (26.58) 

    13 436 (28.13) 

    >=14 342 (22.06) 

Age at first birth at visit 0, year  

    <=22 669 (52.39) 

    23-28 344 (26.94) 

    >=29 264 (20.67) 

Parity at visit 0  

    0 282 (18.08) 

    1 252 (16.15) 

    2 552 (35.38) 

    >=3 474 (30.38) 

Lactation, month  

    0 410 (32.18) 

    (0, 3] 313 (24.57) 

    (3,6] 216 (16.95) 

    >6 335 (26.30) 

Race/ Ethnicity  

    Black,African American  477 (30.58) 

    Chinese or Chinese American  166 (10.64) 

    Japanese or Japanese American  177 (11.35) 

    Caucasion/White Non-Hispanic  740 (47.44) 

Family income at visit 0  

    < $19,999  156 (10.32) 

    $20,000 - $49,999 515 (34.08) 

    $50,000 - $99,999  599 (39.64) 

    > $100,000  241 (15.96) 

Smoking status at visit 0  

    Never  919 (59.99) 

    Former 377 (24.61) 

    Current 236 (15.40) 
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Table 1. Continued 

Demographic characteristics Mean ± SD or N (%) 

Alcohol consumption at visit 0  

    No  735 (51.58) 

    One or fewer drinks/d  656 (46.04) 

    More than drink/d 34 (2.39) 

Frequency of physical activity comparing to others at visit 0  

    Less 649 (41.68) 

    The same 459 (29.48) 

    More 449 (28.84) 
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Table 2 Beta estimate for BMI change* from baseline visit to visit 10 associated with reproductive factors, stratified by race/ethnicity 

* 

BMI change was defined as the absolute change in BMI, kg/m2. 

# P for race/ethnicity as EMM: Likelihood ration test was used to calculate the P value, based on the model with race/ethnicity and its interaction 

term with each predictor and the reduced model. 
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Table 3 Beta estimate for weight change* from baseline visit to visit 10 associated with reproductive factors, stratified by race/ethnicity 

* Weight change was defined as the absolute change in weight, kg. 

# Likelihood ration test was used to calculate the P value, based on the model with race/ethnicity and its interaction term with each predictor and the 

reduced model. 
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CHAPTER 3. FUTURE DIRECTIONS 

3.1 Conclusion 

This study estimated the association between reproductive factors and weight/BMI 

change during menopausal transition. The reproductive factors examined in the study were 

menarche age, parity, age at first birth and lactation. We found that later age at menarche 

(e.g. age 12 or 13) was associated with reduced likelihood of weight gain or augmented 

BMI. Women with 1 or 2 children had less gain in weight or BMI compared with women 

with no children. For associations between menarche age, parity, and lactation, we found 

evidence of heterogeneity by race in both BMI and weight change models. 

3.2 Public Health Implications 

This study has several important public health implications. First, understanding 

weight/BMI change during the menopausal transition is important because it may lead to 

reductions in obesity during the critical mid-life period. While previous studies have 

assessed weight or BMI at a single discrete time point during the menopausal transition, 

few have prospectively assessed changes in anthropometric characteristics. Changes during 

this time likely represents the accumulation of visceral fat which is metabolically active 

and known to more strongly associate with chronic conditions like diabetes and cancer. 

This study examined the change in obesity status during the menopausal transition, and 

importantly assessed heterogeneity of the association between reproductive characteristics 

and weight or BMI change among different race/ethnic groups. We found that early 

menarche and nulliparity were risk factors for weight/BMI increase in menopause. These 

risk groups could be targeted for lifestyle intervention. 
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Additionally the increasing prevalence of obesity in the United States underscores the 

urgency in developing interventions to prevent weight gain during menopausal transition 

(4), and chronic conditions such as cancer, diabetes, and CHD (15, 16, 21). Investigating 

risk factors for weight/BMI gain during midlife may help identify mechanisms, beyond 

energy imbalance, that contribute to excess weight gain and could be targeted for biological 

or pharmacologic intervention. In the long term, this may decrease the prevalence of 

obesity-related chronic conditions. 

3.3 Future Directions 

First, to improve assessment of racial heterogeneity future studies with larger sample 

size are needed. For example, almost all of the sample sizes for Chinese or Chinese 

American and Japanese or Japanese American are less than 50. This led to unstable 

estimates with wide, imprecise, confidence intervals. Additionally, we had insufficient 

numbers of non-Hispanic women to estimate effects in this demographic group. Thus, 

future investigations in this group are warranted. 

Second, future study can incorporate early life characteristics like birth weight and 

childhood obesity status into the study of the association between menarche age and 

weight/BMI change during menopausal transition. Pprevious studies had revealed that 

childhood obesity could trigger early menarche and early sexual maturation through 

hormone mechanism (59-61). Future analyses on the relation between menarche age and 

weight/BMI change during menopause stratified on early life characteristics should be 

conducted. The result will provide further findings on the hormone mechanism for puberty 
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and obesity in menopause. 

Future analysis may also focus on abdominal obesity and body composition, as well 

as incorporate the use of circulating biomarkers (e.g. sex- and metabolic-hormone levels). 

In this study, we only conducted analyses on general obesity but not abdominal obesity or 

body composition. Thus, no findings on the change in body fat distribution or body fat 

could be concluded form this work. Some studies have demonstrated several reproductive 

factors, such as early menarche, multi-parity and early motherhood, were potential factors 

that might trigger abdominal and general obesity in women’s life (62-65). However, no 

previous study has examined the changes in abdominal obesity status or body fat 

composition during menopausal transition which could be critical for a better 

understanding of the mechanism underlying the observed associations. In parallel, future 

studies may consider obtaining data on hormone levels during menarche, childbearing, 

time after birth, lactation and menopausal transition. It is well-established that changes in 

weight corresponds with levels of the sex hormones estrogen, androgen, and availability of 

sex-hormone binding globulin, particularly late in the postmenopausal transition (51). 

Moreover, hormonal changes during menopausal transition may trigger weight gain 

through its influence on metabolism (50, 51). Supplementing risk factor data with 

biomarker data may help clarify the causal pathway between reproductive characteristics 

and weight change during menopausal transition. 
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Appendix 1. DAG and Pathways 

 
Figure 1. The DAG for menarche age and BMI/weight change during menopausal transition 

Income, education, physical exercise, drinking and smoking are data collected during the early-stage of menopausal transition. 
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    Table 1. Pathways for menarche age and BMI/weight change during menopausal transition. 

No. Pathways 

1 Menarche age->weight/BMI change during menopausal transition 

2 Menarche age->SES at early age->weight/BMI change during menopausal transition 

3 Menarche age->race/ethnicity->weight/BMI change during menopausal transition 

4 Menarche age->SES at early age->smoking->weight/BMI change during menopausal transition 

5 Menarche age->SES at early age->drinking->weight/BMI change during menopausal transition 

6 Menarche age->SES at early age->physical exercise->weight/BMI change during menopausal transition 

7 Menarche age->SES at early age->education->weight/BMI change during menopausal transition 

8 Menarche age->SES at early age->income->weight/BMI change during menopausal transition 

9 Menarche age->race/ethnicity-> SES at early age->weight/BMI change during menopausal transition 

10 Menarche age->race/ethnicity->smoking->weight/BMI change during menopausal transition 

11 Menarche age->race/ethnicity->drinking->weight/BMI change during menopausal transition 

12 Menarche age->race/ethnicity->physical exercise->weight/BMI change during menopausal transition 

13 Menarche age->race/ethnicity->education->weight/BMI change during menopausal transition 

14 Menarche age->race/ethnicity->income->weight/BMI change during menopausal transition 

15 Menarche age->race/ethnicity-> SES at early age->smoking->weight/BMI change during menopausal transition 

16 Menarche age->race/ethnicity-> SES at early age->drinking->weight/BMI change during menopausal transition 

17 Menarche age->race/ethnicity->SES at early age->physical exercise->weight/BMI change during menopausal transition 

18 Menarche age->race/ethnicity->SES at early age->education->weight/BMI change during menopausal transition 

19 Menarche age->race/ethnicity->SES at early age->income->weight/BMI change during menopausal transition 

20 Menarche age->SES at early age->smoking->drinking->weight/BMI change during menopausal transition 

21 Menarche age->race/ethnicity->SES at early age->smoking->drinking->weight/BMI change during menopausal transition 

22 Menarche age->race/ethnicity->smoking->drinking->weight/BMI change during menopausal transition 

23 Menarche age->race/ethnicity->income->drinking->weight/BMI change during menopausal transition 

24 Menarche age->race/ethnicity->income->smoking->weight/BMI change during menopausal transition 

25 Menarche age->race/ethnicity->income->physical exercise->weight/BMI change during menopausal transition 

26 Menarche age->SES at early age->income->drinking->weight/BMI change during menopausal transition 

27 Menarche age->SES at early age->income->smoking->weight/BMI change during menopausal transition 

28 Menarche age->SES at early age->income->physical exercise->weight/BMI change during menopausal transition 

29 Menarche age->race/ethnicity->SES at early age->income->drinking->weight/BMI change during menopausal transition 

30 Menarche age->race/ethnicity->SES at early age->income->smoking->weight/BMI change during menopausal transition 

31 Menarche age->race/ethnicity->SES at early age->income->physical exercise->weight/BMI change during menopausal transition 
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Table 1. Continued 
No. Pathways 

32 Menarche age->race/ethnicity ->income->smoking->drinking->weight/BMI change during menopausal transition 

33 Menarche age-> SES at early age->income->smoking->drinking->weight/BMI change during menopausal transition 

34 Menarche age->race/ethnicity->SES at early age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

35 Menarche age->race/ethnicity->education->drinking->weight/BMI change during menopausal transition 

36 Menarche age->race/ethnicity->education->smoking->weight/BMI change during menopausal transition 

37 Menarche age->race/ethnicity->education->physical exercise->weight/BMI change during menopausal transition 

38 Menarche age->SES at early age->education->drinking->weight/BMI change during menopausal transition 

39 Menarche age->SES at early age->education->smoking->weight/BMI change during menopausal transition 

40 Menarche age->SES at early age->education->physical exercise->weight/BMI change during menopausal transition 

41 Menarche age->race/ethnicity->SES at early age->education->drinking->weight/BMI change during menopausal transition 

42 Menarche age->race/ethnicity->SES at early age->education->smoking->weight/BMI change during menopausal transition 

43 Menarche age->race/ethnicity->SES at early age->education->physical exercise->weight/BMI change during menopausal 

transition 

44 Menarche age->race/ethnicity ->education->smoking->drinking->weight/BMI change during menopausal transition 

45 Menarche age-> SES at early age->education->smoking->drinking->weight/BMI change during menopausal transition 

46 Menarche age->race/ethnicity->SES at early age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

47 Menarche age->race/ethnicity->education->income->drinking->weight/BMI change during menopausal transition 

48 Menarche age->race/ethnicity->education->income->smoking->weight/BMI change during menopausal transition 

49 Menarche age->race/ethnicity->education->income->physical exercise->weight/BMI change during menopausal transition 

50 Menarche age->SES at early age->education->income->drinking->weight/BMI change during menopausal transition 

51 Menarche age->SES at early age->education->income->smoking->weight/BMI change during menopausal transition 

52 Menarche age->SES at early age->education->income->physical exercise->weight/BMI change during menopausal transition 

53 Menarche age->race/ethnicity->SES at early age->education->income->drinking->weight/BMI change during menopausal 

transition 

54 Menarche age->race/ethnicity->SES at early age->education->income->smoking->weight/BMI change during menopausal 

transition 

55 Menarche age->race/ethnicity->SES at early age->education->income->physical exercise->weight/BMI change during menopausal 

transition 

56 Menarche age->race/ethnicity ->education->income->smoking->drinking->weight/BMI change during menopausal transition 
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Table 1. Continued 
No. Pathways 

57 Menarche age-> SES at early age->education->income->smoking->drinking->weight/BMI change during menopausal transition 

58 Menarche age->race/ethnicity->SES at early age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

 
 
minimally sufficient adjustment set: {race/ethnicity, income, education, physical exercise, drinking, smoking} 

 

Model: BMI/weight change at menopausal transition=menarche age + race/ethnicity + income + education + physical exercise + drinking + smoking 

+ age 
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Figure 2. The DAG for age at first birth and BMI/weight change during menopausal transition 
Income, education, physical exercise, drinking and smoking are data collected during the early-stage of menopausal transition. 
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    Table 2. Pathways for age at first birth and BMI/weight change during menopausal transition. 

No. Pathways 

1 Age at first birth->weight/BMI change during menopausal transition 

2 Age at first birth->SES at first birth->weight/BMI change during menopausal transition 

3 Age at first birth->race/ethnicity->weight/BMI change during menopausal transition 

4 Age at first birth->SES at first birth->smoking->weight/BMI change during menopausal transition 

5 Age at first birth->SES at first birth->drinking->weight/BMI change during menopausal transition 

6 Age at first birth->SES at first birth->physical exercise->weight/BMI change during menopausal transition 

7 Age at first birth->SES at first birth->education->weight/BMI change during menopausal transition 

8 Age at first birth->SES at first birth->income->weight/BMI change during menopausal transition 

9 Age at first birth->race/ethnicity-> SES at first birth->weight/BMI change during menopausal transition 

10 Age at first birth->race/ethnicity->smoking->weight/BMI change during menopausal transition 

11 Age at first birth->race/ethnicity->drinking->weight/BMI change during menopausal transition 

12 Age at first birth->race/ethnicity->physical exercise->weight/BMI change during menopausal transition 

13 Age at first birth->race/ethnicity->education->weight/BMI change during menopausal transition 

14 Age at first birth->race/ethnicity->income->weight/BMI change during menopausal transition 

15 Age at first birth->race/ethnicity-> SES at first birth->smoking->weight/BMI change during menopausal transition 

16 Age at first birth->race/ethnicity-> SES at first birth->drinking->weight/BMI change during menopausal transition 

17 Age at first birth->race/ethnicity->SES at first birth->physical exercise->weight/BMI change during menopausal transition 

18 Age at first birth->race/ethnicity->SES at first birth->education->weight/BMI change during menopausal transition 

19 Age at first birth->race/ethnicity->SES at first birth->income->weight/BMI change during menopausal transition 

20 Age at first birth->SES at first birth->smoking->drinking->weight/BMI change during menopausal transition 

21 Age at first birth->race/ethnicity->SES at first birth->smoking->drinking->weight/BMI change during menopausal transition 

22 Age at first birth->race/ethnicity->smoking->drinking->weight/BMI change during menopausal transition 

23 Age at first birth->race/ethnicity->income->drinking->weight/BMI change during menopausal transition 

24 Age at first birth->race/ethnicity->income->smoking->weight/BMI change during menopausal transition 

25 Age at first birth->race/ethnicity->income->physical exercise->weight/BMI change during menopausal transition 

26 Age at first birth->SES at first birth->income->drinking->weight/BMI change during menopausal transition 

27 Age at first birth->SES at first birth->income->smoking->weight/BMI change during menopausal transition 

28 Age at first birth->SES at first birth->income->physical exercise->weight/BMI change during menopausal transition 

29 Age at first birth->race/ethnicity->SES at first birth->income->drinking->weight/BMI change during menopausal transition 

30 Age at first birth->race/ethnicity->SES at first birth->income->smoking->weight/BMI change during menopausal transition 

31 Age at first birth->race/ethnicity->SES at first birth->income->physical exercise->weight/BMI change during menopausal transition 
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 Table 2. Continued 
No. Pathways 

32 Age at first birth->race/ethnicity ->income->smoking->drinking->weight/BMI change during menopausal transition 

33 Age at first birth-> SES at first birth->income->smoking->drinking->weight/BMI change during menopausal transition 

34 Age at first birth->race/ethnicity->SES at first birth->income->smoking->drinking->weight/BMI change during menopausal 

transition 

35 Age at first birth->race/ethnicity->education->drinking->weight/BMI change during menopausal transition 

36 Age at first birth->race/ethnicity->education->smoking->weight/BMI change during menopausal transition 

37 Age at first birth->race/ethnicity->education->physical exercise->weight/BMI change during menopausal transition 

38 Age at first birth->SES at first birth->education->drinking->weight/BMI change during menopausal transition 

39 Age at first birth->SES at first birth->education->smoking->weight/BMI change during menopausal transition 

40 Age at first birth->SES at first birth->education->physical exercise->weight/BMI change during menopausal transition 

41 Age at first birth->race/ethnicity->SES at first birth->education->drinking->weight/BMI change during menopausal transition 

42 Age at first birth->race/ethnicity->SES at first birth->education->smoking->weight/BMI change during menopausal transition 

43 Age at first birth->race/ethnicity->SES at first birth->education->physical exercise->weight/BMI change during menopausal 

transition 

44 Age at first birth->race/ethnicity ->education->smoking->drinking->weight/BMI change during menopausal transition 

45 Age at first birth-> SES at first birth->education->smoking->drinking->weight/BMI change during menopausal transition 

46 Age at first birth->race/ethnicity->SES at first birth->income->smoking->drinking->weight/BMI change during menopausal 

transition 

47 Age at first birth->race/ethnicity->education->income->drinking->weight/BMI change during menopausal transition 

48 Age at first birth->race/ethnicity->education->income->smoking->weight/BMI change during menopausal transition 

49 Age at first birth->race/ethnicity->education->income->physical exercise->weight/BMI change during menopausal transition 

50 Age at first birth->SES at first birth->education->income->drinking->weight/BMI change during menopausal transition 

51 Age at first birth->SES at first birth->education->income->smoking->weight/BMI change during menopausal transition 

52 Age at first birth->SES at first birth->education->income->physical exercise->weight/BMI change during menopausal transition 

53 Age at first birth->race/ethnicity->SES at first birth->education->income->drinking->weight/BMI change during menopausal 

transition 

54 Age at first birth->race/ethnicity->SES at first birth->education->income->smoking->weight/BMI change during menopausal 

transition 

55 Age at first birth->race/ethnicity->SES at first birth->education->income->physical exercise->weight/BMI change during 

menopausal transition 

56 Age at first birth->race/ethnicity ->education->income->smoking->drinking->weight/BMI change during menopausal transition 
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Table 2. Continued 
No. Pathways 

57 Age at first birth-> SES at first birth->education->income->smoking->drinking->weight/BMI change during menopausal transition 

58 Age at first birth->race/ethnicity->SES at first birth->income->smoking->drinking->weight/BMI change during menopausal 

transition 

 

Minimally sufficient adjustment set: {race/ethnicity, income, education, physical exercise, drinking, smoking} 

 

Model: BMI/weight change at menopausal transition=age at first birth + race/ethnicity + income + education + physical exercise + drinking + 

smoking + age 
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Figure 3. The DAG for parity and BMI/weight change during menopausal transition 
Income, education, physical exercise, drinking and smoking are data collected during the early-stage of menopausal transition. 
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     Table 3. Pathways for parity and BMI/weight change during menopausal transition. 

No. Pathways 

1 Parity->weight/BMI change during menopausal transition 

2 Parity->SES at childbearing age->weight/BMI change during menopausal transition 

3 Parity->race/ethnicity->weight/BMI change during menopausal transition 

4 Parity->SES at childbearing age->smoking->weight/BMI change during menopausal transition 

5 Parity->SES at childbearing age->drinking->weight/BMI change during menopausal transition 

6 Parity->SES at childbearing age->physical exercise->weight/BMI change during menopausal transition 

7 Parity->SES at childbearing age->education->weight/BMI change during menopausal transition 

8 Parity->SES at childbearing age->income->weight/BMI change during menopausal transition 

9 Parity->race/ethnicity-> SES at childbearing age->weight/BMI change during menopausal transition 

10 Parity->race/ethnicity->smoking->weight/BMI change during menopausal transition 

11 Parity->race/ethnicity->drinking->weight/BMI change during menopausal transition 

12 Parity->race/ethnicity->physical exercise->weight/BMI change during menopausal transition 

13 Parity->race/ethnicity->education->weight/BMI change during menopausal transition 

14 Parity->race/ethnicity->income->weight/BMI change during menopausal transition 

15 Parity->race/ethnicity-> SES at childbearing age->smoking->weight/BMI change during menopausal transition 

16 Parity->race/ethnicity-> SES at childbearing age->drinking->weight/BMI change during menopausal transition 

17 Parity->race/ethnicity->SES at childbearing age->physical exercise->weight/BMI change during menopausal transition 

18 Parity->race/ethnicity->SES at childbearing age->education->weight/BMI change during menopausal transition 

19 Parity->race/ethnicity->SES at childbearing age->income->weight/BMI change during menopausal transition 

20 Parity->SES at childbearing age->smoking->drinking->weight/BMI change during menopausal transition 

21 Parity->race/ethnicity->SES at childbearing age->smoking->drinking->weight/BMI change during menopausal transition 

22 Parity->race/ethnicity->smoking->drinking->weight/BMI change during menopausal transition 

23 Parity->race/ethnicity->income->drinking->weight/BMI change during menopausal transition 

24 Parity->race/ethnicity->income->smoking->weight/BMI change during menopausal transition 

25 Parity->race/ethnicity->income->physical exercise->weight/BMI change during menopausal transition 

26 Parity->SES at childbearing age->income->drinking->weight/BMI change during menopausal transition 

27 Parity->SES at childbearing age->income->smoking->weight/BMI change during menopausal transition 

28 Parity->SES at childbearing age->income->physical exercise->weight/BMI change during menopausal transition 

29 Parity->race/ethnicity->SES at childbearing age->income->drinking->weight/BMI change during menopausal transition 

30 Parity->race/ethnicity->SES at childbearing age->income->smoking->weight/BMI change during menopausal transition 

31 Parity->race/ethnicity->SES at childbearing age->income->physical exercise->weight/BMI change during menopausal transition 
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  Table 3. Continued 
No. Pathways 

32 Parity->race/ethnicity ->income->smoking->drinking->weight/BMI change during menopausal transition 

33 Parity-> SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal transition 

34 Parity->race/ethnicity->SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

35 Parity->race/ethnicity->education->drinking->weight/BMI change during menopausal transition 

36 Parity->race/ethnicity->education->smoking->weight/BMI change during menopausal transition 

37 Parity->race/ethnicity->education->physical exercise->weight/BMI change during menopausal transition 

38 Parity->SES at childbearing age->education->drinking->weight/BMI change during menopausal transition 

39 Parity->SES at childbearing age->education->smoking->weight/BMI change during menopausal transition 

40 Parity->SES at childbearing age->education->physical exercise->weight/BMI change during menopausal transition 

41 Parity->race/ethnicity->SES at childbearing age->education->drinking->weight/BMI change during menopausal transition 

42 Parity->race/ethnicity->SES at childbearing age->education->smoking->weight/BMI change during menopausal transition 

43 Parity->race/ethnicity->SES at childbearing age->education->physical exercise->weight/BMI change during menopausal 

transition 

44 Parity->race/ethnicity ->education->smoking->drinking->weight/BMI change during menopausal transition 

45 Parity-> SES at childbearing age->education->smoking->drinking->weight/BMI change during menopausal transition 

46 Parity->race/ethnicity->SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

47 Parity->race/ethnicity->education->income->drinking->weight/BMI change during menopausal transition 

48 Parity->race/ethnicity->education->income->smoking->weight/BMI change during menopausal transition 

49 Parity->race/ethnicity->education->income->physical exercise->weight/BMI change during menopausal transition 

50 Parity->SES at childbearing age->education->income->drinking->weight/BMI change during menopausal transition 

51 Parity->SES at childbearing age->education->income->smoking->weight/BMI change during menopausal transition 

52 Parity->SES at childbearing age->education->income->physical exercise->weight/BMI change during menopausal transition 

53 Parity->race/ethnicity->SES at childbearing age->education->income->drinking->weight/BMI change during menopausal 

transition 

54 Parity->race/ethnicity->SES at childbearing age->education->income->smoking->weight/BMI change during menopausal 

transition 

55 Parity->race/ethnicity->SES at childbearing age->education->income->physical exercise->weight/BMI change during 

menopausal transition 

56 Parity->race/ethnicity ->education->income->smoking->drinking->weight/BMI change during menopausal transition 
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  Table 3. Continued 
No. Pathways 

57 Parity-> SES at childbearing age->education->income->smoking->drinking->weight/BMI change during menopausal transition 

58 Parity->race/ethnicity->SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

 

 

Minimally sufficient adjustment set: {race/ethnicity, income, education, physical exercise, drinking, smoking} 

 

Model: BMI/weight change at menopausal transition=parity + race/ethnicity + income + education + physical exercise + drinking + smoking + age 
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Figure 4. The DAG for lactation and BMI/weight change during menopausal transition 
Income, education, physical exercise, drinking and smoking are data collected during the early-stage of menopausal transition. 
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     Table 4. Pathways for lactation and BMI/weight change during menopausal transition. 

No. Pathways 

1 Lactation->weight/BMI change during menopausal transition 

2 Lactation->SES at childbearing age->weight/BMI change during menopausal transition 

3 Lactation->race/ethnicity->weight/BMI change during menopausal transition 

4 Lactation->SES at childbearing age->smoking->weight/BMI change during menopausal transition 

5 Lactation->SES at childbearing age->drinking->weight/BMI change during menopausal transition 

6 Lactation->SES at childbearing age->physical exercise->weight/BMI change during menopausal transition 

7 Lactation->SES at childbearing age->education->weight/BMI change during menopausal transition 

8 Lactation->SES at childbearing age->income->weight/BMI change during menopausal transition 

9 Lactation->race/ethnicity-> SES at childbearing age->weight/BMI change during menopausal transition 

10 Lactation->race/ethnicity->smoking->weight/BMI change during menopausal transition 

11 Lactation->race/ethnicity->drinking->weight/BMI change during menopausal transition 

12 Lactation->race/ethnicity->physical exercise->weight/BMI change during menopausal transition 

13 Lactation->race/ethnicity->education->weight/BMI change during menopausal transition 

14 Lactation->race/ethnicity->income->weight/BMI change during menopausal transition 

15 Lactation->race/ethnicity-> SES at childbearing age->smoking->weight/BMI change during menopausal transition 

16 Lactation->race/ethnicity-> SES at childbearing age->drinking->weight/BMI change during menopausal transition 

17 Lactation->race/ethnicity->SES at childbearing age->physical exercise->weight/BMI change during menopausal transition 

18 Lactation->race/ethnicity->SES at childbearing age->education->weight/BMI change during menopausal transition 

19 Lactation->race/ethnicity->SES at childbearing age->income->weight/BMI change during menopausal transition 

20 Lactation->SES at childbearing age->smoking->drinking->weight/BMI change during menopausal transition 

21 Lactation->race/ethnicity->SES at childbearing age->smoking->drinking->weight/BMI change during menopausal transition 

22 Lactation->race/ethnicity->smoking->drinking->weight/BMI change during menopausal transition 

23 Lactation->race/ethnicity->income->drinking->weight/BMI change during menopausal transition 

24 Lactation->race/ethnicity->income->smoking->weight/BMI change during menopausal transition 

25 Lactation->race/ethnicity->income->physical exercise->weight/BMI change during menopausal transition 

26 Lactation->SES at childbearing age->income->drinking->weight/BMI change during menopausal transition 

27 Lactation->SES at childbearing age->income->smoking->weight/BMI change during menopausal transition 

28 Lactation->SES at childbearing age->income->physical exercise->weight/BMI change during menopausal transition 

29 Lactation->race/ethnicity->SES at childbearing age->income->drinking->weight/BMI change during menopausal transition 

30 Lactation->race/ethnicity->SES at childbearing age->income->smoking->weight/BMI change during menopausal transition 
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   Table 4. Continued 
No. Pathways 

31 Lactation->race/ethnicity->SES at childbearing age->income->physical exercise->weight/BMI change during menopausal 

transition 

32 Lactation->race/ethnicity ->income->smoking->drinking->weight/BMI change during menopausal transition 

33 Lactation-> SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal transition 

34 Lactation->race/ethnicity->SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

35 Lactation->race/ethnicity->education->drinking->weight/BMI change during menopausal transition 

36 Lactation->race/ethnicity->education->smoking->weight/BMI change during menopausal transition 

37 Lactation->race/ethnicity->education->physical exercise->weight/BMI change during menopausal transition 

38 Lactation->SES at childbearing age->education->drinking->weight/BMI change during menopausal transition 

39 Lactation->SES at childbearing age->education->smoking->weight/BMI change during menopausal transition 

40 Lactation->SES at childbearing age->education->physical exercise->weight/BMI change during menopausal transition 

41 Lactation->race/ethnicity->SES at childbearing age->education->drinking->weight/BMI change during menopausal 

transition 

42 Lactation->race/ethnicity->SES at childbearing age->education->smoking->weight/BMI change during menopausal 

transition 

43 Lactation->race/ethnicity->SES at childbearing age->education->physical exercise->weight/BMI change during menopausal 

transition 

44 Lactation->race/ethnicity ->education->smoking->drinking->weight/BMI change during menopausal transition 

45 Lactation-> SES at childbearing age->education->smoking->drinking->weight/BMI change during menopausal transition 

46 Lactation->race/ethnicity->SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

47 Lactation->race/ethnicity->education->income->drinking->weight/BMI change during menopausal transition 

48 Lactation->race/ethnicity->education->income->smoking->weight/BMI change during menopausal transition 

49 Lactation->race/ethnicity->education->income->physical exercise->weight/BMI change during menopausal transition 

50 Lactation->SES at childbearing age->education->income->drinking->weight/BMI change during menopausal transition 

51 Lactation->SES at childbearing age->education->income->smoking->weight/BMI change during menopausal transition 

52 Lactation->SES at childbearing age->education->income->physical exercise->weight/BMI change during menopausal 

transition 

53 Lactation->race/ethnicity->SES at childbearing age->education->income->drinking->weight/BMI change during 

menopausal transition 
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  Table 4. Continued 
No. Pathways 

54 Lactation->race/ethnicity->SES at childbearing age->education->income->smoking->weight/BMI change during 

menopausal transition 

55 Lactation->race/ethnicity->SES at childbearing age->education->income->physical exercise->weight/BMI change during 

menopausal transition 

56 Lactation->race/ethnicity ->education->income->smoking->drinking->weight/BMI change during menopausal transition 

57 Lactation-> SES at childbearing age->education->income->smoking->drinking->weight/BMI change during menopausal 

transition 

58 Lactation->race/ethnicity->SES at childbearing age->income->smoking->drinking->weight/BMI change during menopausal 

transition 

 

Minimally sufficient adjustment set: {race/ethnicity, income, education, physical exercise, drinking, smoking} 

 

Model: BMI/weight change at menopausal transition=lactation + race/ethnicity + income + education + physical exercise + drinking + smoking + 

age 
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Appendix 2. Backward Elimination for Model Selection 
Table 1. Backward elimination for model selection for the association between menarche age and BMI change during menopausal transition 

Model Variables/ Categories BMI change 

  beta estimate <10% <15% 95% CI 

Fully adjusted 

model 

menarche age, race, age, education, income, smoking, drinking, 

physical exercise 

     

 12 -0.490581     -0.97249 -0.008668 

 13 -0.51542   -1.00039 -0.030453 

 >=14 0.13329   -0.39288 0.659462 

1- drop age menarche age, race, education, income, smoking, drinking, 

physical exercise 

 NO NO   

 12 -0.50802    -0.99055 -0.025494 

 13 -0.527924   -1.01365 -0.042199 

 >=14 0.108315   -0.4183 0.634934 

1- drop education menarche age, race, age,  income, smoking, drinking, physical 

exercise 

 YES YES   

 12 -0.520113    -1.00214 -0.038085 

 13 -0.522498   -1.00723 -0.037763 

 >=14 0.119904   -0.40587 0.645674 

1- drop income menarche age, race, age, education, smoking, drinking, physical 

exercise 

 YES YES   

 12 -0.490639    -0.97254 -0.008736 

 13 -0.515354   -1.00031 -0.0304 

 >=14 0.133185   -0.39296 0.659326 

1- drop smoking menarche age, race, age, education, income, drinking, physical 

exercise 

 YES YES   

 12 -0.457752    -0.93445 0.01895 

 13 -0.506577   -0.98555 -0.0276 

 >=14 0.144876   -0.37302 0.662769 
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Table 1. Continued 
Model Variables/ Categories BMI change 

  beta estimate <10% <15% 95% CI 

1- drop drinking menarche age, race, age, education, income, smoking,  physical 

exercise 

 NO NO   

 12 -0.556478     -1.01436 -0.098596 

 13 -0.654708   -1.1093 -0.20012 

 >=14 0.022482   -0.47215 0.517117 

1-drop physical 

exercise 

menarche age, race, age, education, income, smoking, drinking  NO NO   

 12 -0.49127    -0.97626 -0.006281 

 13 -0.439565   -0.92659 0.047463 

 >=14 0.196217   -0.33282 0.725253 

1-drop 

race/ethnicity 

menarche age, age, education, income, smoking, drinking, physical 

exercise 

 NO NO   

 12 -0.495188   -0.97722 -0.013153 

 13 -0.513518   -0.99742 -0.029615 

 >=14 0.071478   -0.45003 0.59298 

conclusion: drop income 

2- drop age menarche age, race, education, smoking, drinking, physical 

exercise 

 NO NO   

 12 -0.507905    -0.99043 -0.02538 

 13 -0.528184   -1.01389 -0.042478 

 >=14 0.108551   -0.41806 0.635156 

2-drop education menarche age, race, age,  smoking, drinking, physical exercise  NO NO   

 12 -0.520459    -1.0025 -0.038418 

 13 -0.522108   -1.00685 -0.037361 

 >=14 0.118083   -0.40757 0.643735 

2- drop smoking menarche age, race, age, education, drinking, physical exercise  YES YES   

 12 -0.457939    -0.93463 0.018747 

 13 -0.506445   -0.98542 -0.027475 
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Table 1. Continued 
Model Variables/ Categories BMI change 

  beta estimate <10% <15% 95% CI 

 >=14 0.144563   -0.37329 0.662412 

2-drop drinking menarche age, race, age, education, smoking, physical exercise  NO NO   

 12 -0.557233    -1.0151 -0.099368 

 13 -0.654104   -1.10869 -0.199521 

 >=14 0.021142   -0.47342 0.515703 

2-drop physical 

exercise 

menarche age, race, age, education, smoking, drinking  NO NO   

 12 -0.492157    -0.97717 -0.007142 

 13 -0.437953   -0.92497 0.049065 

 >=14 0.195545   -0.33353 0.724618 

2-drop 

race/ethnicity 

menarche age, age, education, smoking, drinking, physical 

exercise 

 NO NO   

 12 -0.495213   -0.97725 -0.013178 

 13 -0.513879   -0.99769 -0.03007 

 >=14 0.071486   -0.45002 0.592989 

conclusion: drop smoking 

3- drop age menarche age, race, education, drinking, physical exercise  NO NO   

 12 -0.473521    -0.95084 0.003801 

 13 -0.521476   -1.0011 -0.041849 

 >=14 0.122086   -0.39626 0.640435 

3- drop education menarche age, race, age, drinking, physical exercise  YES YES   

 12 -0.487846    -0.96473 -0.010963 

 13 -0.514102   -0.9929 -0.035303 

 >=14 0.132917   -0.38447 0.650305 

3- drop drinking menarche age, race, age, education, physical exercise  NO NO   

 12 -0.529455    -0.98206 -0.076849 

 13 -0.638138   -1.08678 -0.1895 
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Table 1. Continued 
Model Variables/ Categories BMI change 

  beta estimate <10% <15% 95% CI 

 >=14 0.014951   -0.47074 0.500638 

3- drop physical 

exercise 

menarche age, race, age, education, drinking  NO NO   

 12 -0.455182    -0.93486 0.024495 

 13 -0.425419   -0.90621 0.055368 

 >=14 0.20822   -0.31238 0.728823 

3-drop 

race/ethnicity 

menarche age, age, education, drinking, physical exercise  NO NO   

 12 -0.464287   -0.94163 0.013052 

 13 -0.522056   -0.9995 -0.044614 

 >=14 0.062125   -0.451 0.575249 

conclusion: drop education 

4- drop age menarche age, race, drinking, physical exercise  NO NO   

 12 -0.503593    -0.9811 -0.026091 

 13 -0.530382   -1.00979 -0.050977 

 >=14 0.111176   -0.40673 0.629076 

4- drop drinking menarche age, race, age,  physical exercise  NO NO   

 12 -0.556996    -1.00984 -0.104151 

 13 -0.642514   -1.09103 -0.193993 

 >=14 0.008681   -0.47652 0.493884 

4-drop physical 

exercise 

menarche age, race, age, drinking  NO NO   

 12 -0.487764    -0.96774 -0.00779 

 13 -0.432683   -0.91342 0.048053 

 >=14 0.194257   -0.32607 0.71458 

4-drop 

race/ethnicity 

menarche age, age, drinking, physical exercise  NO NO   
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Table 1. Continued 
Model Variables/ Categories BMI change 

  beta estimate <10% <15% 95% CI 

 12 -0.4916   -0.96915 -0.01405 

 13 -0.526873   -1.00425 -0.049496 

 >=14 0.048385   -0.46405 0.560823 

 

Variables in the model: menarche age, race, age, drinking, physical exercise 
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Table 2. Backward elimination for model selection for the association between menarche age and weight change during menopausal transition 

Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

Fully adjusted 

model 

menarche age, race, age, education, income, smoking, 

drinking, physical exercise 

     

 12 -1.37803   -2.65841 -0.097646 

 13 -1.26153   -2.55149 0.028432 

 >=14 0.078843   -1.31277 1.470459 

1- drop age menarche age, race, education, income, smoking, drinking, 

physical exercise 

 NO NO   

 12 -1.44473   -2.72893 -0.160533 

 13 -1.28825   -2.5827 0.006196 

 >=14 0.002081   -1.39359 1.397748 

1- drop education menarche age, race, age,  income, smoking, drinking, 

physical exercise 

 YES YES   

 12 -1.43205   -2.71054 -0.15355 

 13 -1.25598   -2.54279 0.030831 

 >=14 0.073685   -1.31471 1.46208 

1- drop income menarche age, race, age, education, smoking, drinking, 

physical exercise 

 NO YES   

 12 -1.3783   -2.65903 -0.097565 

 13 -1.25408   -2.54428 0.036114 

 >=14 0.068243   -1.32353 1.460014 

1- drop smoking menarche age, race, age, education, income, drinking, physical 

exercise 

 NO NO   

 12 -1.29904   -2.56712 -0.030969 

 13 -1.2394   -2.51334 0.034535 

 >=14 0.11429   -1.25786 1.486436 

1- drop drinking menarche age, race, age, education, income, smoking,  

physical exercise 

 NO NO   
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Table 2. Continued 
Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

 12 -1.48761   -2.70502 -0.270205 

 13 -1.52916   -2.74129 -0.317024 

 >=14 -0.077657   -1.38799 1.232674 

1- drop physical 

exercise 

menarche age, race, age, education, income, smoking, 

drinking 

 NO NO   

 12 -1.35559   -2.64438 -0.066797 

 13 -1.03932   -2.3347 0.256066 

 >=14 0.271465   -1.12752 1.670451 

1- drop 

race/ethnicity 

menarche age, age, education, income, smoking, drinking, 

physical exercise 

 NO NO   

 12 -1.36077   -2.63917 -0.082377 

 13 -1.22533   -2.51033 0.05967 

 >=14 -0.011978   -1.39021 1.366255 

conclusion: drop education 

2- drop age menarche age, race, income, smoking, drinking, physical 

exercise 

 NO NO   

 12 -1.50005    -2.7824 -0.217702 

 13 -1.28817   -2.57946 0.003123 

 >=14 -0.002502   -1.39503 1.390024 

2-drop income menarche age, race, age,  smoking, drinking, physical 

exercise 

 NO NO   

 12 -1.43641    -2.71553 -0.157298 

 13 -1.25159   -2.53903 0.035845 

 >=14 0.048245   -1.34014 1.436627 

2- drop smoking menarche age, race, age,  income,  drinking, physical 

exercise 

 NO NO   

 12 -1.35391    -2.62021 -0.087621 

 13 -1.23552   -2.50627 0.035233 
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Table 2. Continued 

Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

 >=14 0.112082   -1.25699 1.48115 

2-drop drinking menarche age, race, age,  income, smoking, physical exercise  NO NO   

 12 -1.53656     -2.75251 -0.320613 

 13 -1.51875   -2.72826 -0.309251 

 >=14 -0.073516   -1.38096 1.233927 

2- drop physical 

exercise 

menarche age, race, age,  income, smoking, drinking  NO NO   

 12 -1.42202    -2.70903 -0.135008 

 13 -1.03997   -2.3325 0.252568 

 >=14 0.256889   -1.13921 1.652985 

2- drop 

race/ethnicity 

menarche age, age, income, smoking, drinking, physical 

exercise 

 NO NO   

 12 -1.41503    -2.69182 -0.138246 

 13 -1.2228   -2.50515 0.059539 

 >=14 -0.028141   -1.40253 1.346248 

 

Variables in the model: menarche age, race, age, income, smoking, drinking, physical exercise 
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Table 3. Backward elimination for model selection for the association between parity and BMI change during menopausal transition 

Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

Fully adjusted 

model 

parity, race, age, education, income, smoking, drinking, 

physical exercise 

     

 1 -0.514071    -1.12025 0.092108 

 2 -0.451295   -0.97671 0.074117 

 >=3 -0.310172   -0.85846 0.238117 

1- drop age parity, race, education, income, smoking, drinking, physical 

exercise 

 NO YES   

 1 -0.554222    -1.1595 0.051056 

 2 -0.484673   -1.00942 0.040077 

 >=3 -0.34967   -0.89686 0.197523 

1- drop education parity, race, age,  income, smoking, drinking, physical 

exercise 

 YES YES   

 1 -0.563697    -1.16416 0.036765 

 2 -0.450251   -0.96389 0.06339 

 >=3 -0.293341   -0.82872 0.242032 

1- drop income parity, race, age, education, smoking, drinking, physical 

exercise 

 YES YES   

 1 -0.501477    -1.10268 0.099722 

 2 -0.434223   -0.94898 0.080535 

 >=3 -0.298726   -0.84247 0.245015 

1- drop smoking parity, race, age, education, income, drinking, physical 

exercise 

 NO YES   

 1 -0.449936    -1.04807 0.148202 

 2 -0.452492   -0.97006 0.065077 

 >=3 -0.277254   -0.81959 0.265086 

1- drop drinking parity, race, age, education, income, smoking,  physical 

exercise 

 NO NO   
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Table 3. Continued 
Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

 1 -0.577119    -1.14683 -0.007406 

 2 -0.483196   -0.97521 0.008819 

 >=3 -0.412479   -0.92343 0.098471 

1- drop physical 

exercise 

parity, race, age, education, income, smoking, drinking  YES YES   

 1 -0.530432    -1.14089 0.080026 

 2 -0.456456   -0.98538 0.072471 

 >=3 -0.333166   -0.88525 0.21892 

1- drop 

race/ethnicity 

parity, age, education, income, smoking, drinking, physical 

exercise 

 NO YES   

 1 -0.539398   -1.1434 0.064598 

 2 -0.502234   -1.02517 0.020703 

 >=3 -0.324129   -0.86232 0.214066 

conclusion: drop income 

2- drop age parity, race, education, smoking, drinking, physical exercise  NO YES   

 1 -0.544711    -1.14467 0.055252 

 2 -0.471916   -0.98555 0.041719 

 >=3 -0.341006   -0.88332 0.201308 

2-drop education parity, race, age,  smoking, drinking, physical exercise  YES YES   

 1 -0.551175    -1.14926 0.046906 

 2 -0.433856   -0.94265 0.074939 

 >=3 -0.28593   -0.8204 0.248536 

2- drop smoking parity, race, age, education, drinking, physical exercise  NO NO   

 1 -0.436293    -1.02972 0.157133 

 2 -0.433874   -0.9412 0.07345 

 >=3 -0.264522   -0.80233 0.273289 

2-drop drinking parity, race, age, education, smoking, physical exercise  NO NO   
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Table 3. Continued 
Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

 1 -0.558762    -1.12432 0.006792 

 2 -0.460839   -0.94563 0.023954 

 >=3 -0.397322   -0.90512 0.110475 

2- drop physical 

exercise 

parity, race, age, education, smoking, drinking  YES YES   

 1 -0.500985    -1.10657 0.104598 

 2 -0.416539   -0.93488 0.101804 

 >=3 -0.306523   -0.8542 0.24115 

2- drop 

race/ethnicity 

parity, age, education, smoking, drinking, physical exercise  YES YES   

 1 -0.531486   -1.13188 0.068905 

 2 -0.490368   -1.00386 0.023121 

 >=3 -0.318453   -0.85457 0.217666 

3- drop age parity, race, education, smoking, drinking  NO YES   

 1 -0.540793    -1.14502 0.063434 

 2 -0.451984   -0.96903 0.065058 

 >=3 -0.345314   -0.89147 0.20084 

conclusion: drop physical exercise 

3-drop education parity, race, age,  smoking, drinking  YES YES   

 1 -0.559344    -1.16191 0.04322 

 2 -0.424219   -0.93672 0.088287 

 >=3 -0.305419   -0.8438 0.232965 

3- drop smoking parity, race, age, education, drinking  NO NO   

 1 -0.442854    -1.04048 0.15477 

 2 -0.420766   -0.93154 0.09001 

 >=3 -0.274708   -0.81628 0.266862 
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Table 3. Continued 
Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

3-drop drinking parity, race, age, education, smoking  NO NO   

 1 -0.560979    -1.13086 0.008905 

 2 -0.435982   -0.92427 0.052303 

 >=3 -0.409563   -0.92121 0.102081 

3- drop 

race/ethnicity 

parity, age, education, smoking, drinking  YES YES   

 1 -0.534366   -1.13939 0.070659 

 2 -0.477905   -0.99517 0.039361 

 >=3 -0.329891   -0.87013 0.210344 

conclusion: drop race/ethnicity 

4- drop age parity, education, smoking, drinking  NO NO   

 1 -0.573315    -1.17709 0.030465 

 2 -0.513224   -1.02922 0.002774 

 >=3 -0.366207   -0.90518 0.172763 

4- drop education parity, age, smoking, drinking  NO NO   

 1 -0.606454    -1.20784 -0.005066 

 2 -0.502377   -1.01252 0.007764 

 >=3 -0.356117   -0.88541 0.173179 

4- drop smoking parity, age, education, drinking  NO NO   

 1 -0.464904    -1.06216 0.132354 

 2 -0.486834   -0.99684 0.02317 

 >=3 -0.278012   -0.81193 0.255909 

4-drop drinking parity, age, education, smoking  NO NO   

 1 -0.591031    -1.16046 -0.021603 

 2 -0.496999   -0.9841 -0.009896 

 >=3 -0.412633   -0.91861 0.09334 

 

Variables in the model: parity, age, education, smoking, drinking 



63 
 

Table 4. Backward elimination for model selection for the association between parity and weight change during menopausal transition 

Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

Fully adjusted model parity, race, age, education, income, smoking, drinking, 

physical exercise 

     

 1 -1.46819    -3.07349 0.13711 

 2 -1.27471   -2.65449 0.105062 

 >=3 -0.490121   -1.93106 0.950815 

1- drop age parity, race, education, income, smoking, drinking, physical 

exercise 

 NO NO   

 1 -1.66434    -3.26758 -0.061112 

 2 -1.42237   -2.80168 -0.043056 

 >=3 -0.662951   -2.10224 0.776343 

1- drop education parity, race, age,  income, smoking, drinking, physical 

exercise 

 YES YES   

 1 -1.59595    -3.18553 -0.006377 

 2 -1.30414   -2.65401 0.045724 

 >=3 -0.471162   -1.87741 0.935086 

1- drop income parity, race, age, education, smoking, drinking, physical 

exercise 

 NO NO   

 1 -1.37512    -2.97175 0.221513 

 2 -1.14215   -2.50028 0.215988 

 >=3 -0.403051   -1.83548 1.029376 

1- drop smoking parity, race, age, education, income, drinking, physical 

exercise 

 NO NO   

 1 -1.3707    -2.95524 0.213847 

 2 -1.33816   -2.69743 0.021106 

 >=3 -0.495832   -1.91972 0.928057 

1- drop drinking parity, race, age, education, income, smoking,  physical 

exercise 

 NO NO   
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Table 4. Continued 
Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

 1 -1.61452    -3.12567 -0.103373 

 2 -1.26256   -2.55928 0.034149 

 >=3 -0.696621   -2.04403 0.650792 

1- drop physical 

exercise 

parity, race, age, education, income, smoking, drinking  YES YES   

 1 -1.45396    -3.07121 0.163291 

 2 -1.23567   -2.625 0.153654 

 >=3 -0.51795   -1.96955 0.933652 

1- drop 

race/ethnicity 

parity, age, education, income, smoking, drinking, physical 

exercise 

 NO NO   

 1 -1.56813   -3.16585 0.029589 

 2 -1.39162   -2.76456 -0.018675 

 >=3 -0.597109   -2.01049 0.816271 

conclusion: drop physical exercise 

2- drop age parity, race, education, income, smoking, drinking  NO NO   

 1 -1.63835     -3.2529 -0.023799 

 2 -1.37733   -2.76549 0.010816 

 >=3 -0.679394   -2.12886 0.770073 

2-drop education parity, race, age, income, smoking, drinking  YES YES   

 1 -1.59555    -3.19711 0.006007 

 2 -1.27026   -2.62975 0.089236 

 >=3 -0.512019   -1.92871 0.904669 

2- drop income parity, race, age, education, smoking, drinking  NO NO   

 1 -1.32693    -2.93584 0.281977 

 2 -1.05595   -2.42384 0.311942 

 >=3 -0.400089   -1.84361 1.043433 
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Table 4. Continued 
Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

2- drop smoking parity, race, age, education, income, drinking  YES YES   

 1 -1.37225    -2.96806 0.223565 

 2 -1.31016   -2.67841 0.058087 

 >=3 -0.526753   -1.96067 0.907167 

2-drop drinking parity, race, age, education, income, smoking  NO NO   

 1 -1.62156    -3.14524 -0.097872 

 2 -1.20854   -2.51534 0.098262 

 >=3 -0.739543   -2.09801 0.618924 

2- drop 

race/ethnicity 

parity, age, education, income, smoking, drinking  NO NO   

 1 -1.55812   -3.16815 0.051922 

 2 -1.36347   -2.74616 0.019221 

 >=3 -0.623158   -2.04739 0.801078 

conclusion: drop smoking 

3- drop age parity, race, education, income, drinking  NO NO   

 1 -1.53742    -3.13156 0.056731 

 2 -1.44574   -2.81295 -0.078523 

 >=3 -0.683357   -2.11523 0.748512 

3-drop education parity, race, age, income, drinking  YES YES   

 1 -1.48401    -3.06335 0.095327 

 2 -1.30161   -2.63975 0.036526 

 >=3 -0.474183   -1.87213 0.923763 

3- drop income parity, race, age, education,  drinking  NO NO   

 1 -1.24282    -2.83054 0.344894 

 2 -1.12723   -2.47454 0.220074 
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Table 4. Continued 
Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

 >=3 -0.404006   -1.82968 1.021669 

3-drop drinking parity, race, age, education, income  NO NO   

 1 -1.57345    -3.07365 -0.073259 

 2 -1.31702   -2.59974 -0.034298 

 >=3 -0.76955   -2.1071 0.567998 

3- drop 

race/ethnicity 

parity, age, education, income, drinking  NO NO   

 1 -1.44495   -3.03376 0.143858 

 2 -1.43671   -2.79904 -0.074387 

 >=3 -0.571628   -1.97763 0.834371 

conclusion: drop education 

4- drop age parity, race, income, drinking  NO NO   

 1 -1.64874     -3.22639 -0.0711 

 2 -1.44381   -2.78034 -0.107283 

 >=3 -0.635424   -2.0308 0.759948 

4- drop income parity, race, age, drinking  NO NO   

 1 -1.39761    -2.97514 0.179918 

 2 -1.17407   -2.50473 0.156597 

 >=3 -0.427702   -1.82596 0.970559 

4-drop drinking parity, race, age, income  NO NO   

 1 -1.65046    -3.13781 -0.163106 

 2 -1.26901   -2.52645 -0.011566 

 >=3 -0.678765   -1.98471 0.627181 

4- drop 

race/ethnicity 

parity, age, income, drinking  NO NO   
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Table 4. Continued 
Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

 1 -1.59157   -3.16229 -0.020848 

 2 -1.46932   -2.79761 -0.14103 

 >=3 -0.574165   -1.94244 0.794112 

 

Variables in the model: parity, race, age, income, drinking   
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Table 5. Backward elimination for model selection for the association between age at first birth and BMI change during menopausal transition 

Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

Fully adjusted model age at first birth, race, age, education, income, smoking, 

drinking, physical exercise 

     

 26-30 -0.408502    -0.91271 0.095707 

 >=31 0.005834   -0.55356 0.565232 

1- drop age age at first birth, race, education, income, smoking, 

drinking, physical exercise 

 NO NO   

 26-30 -0.371432    -0.87447 0.131601 

 >=31 0.078946   -0.47456 0.632453 

1- drop education age at first birth, race, age,  income, smoking, drinking, 

physical exercise 

 NO NO   

 26-30 -0.388637    -0.87606 0.098783 

 >=31 0.025486   -0.5094 0.560373 

1- drop income age at first birth, race, age, education, smoking, drinking, 

physical exercise 

 NO NO   

 26-30 -0.398348    -0.90146 0.104768 

 >=31 0.013937   -0.54488 0.572755 

1- drop smoking age at first birth, race, age, education, income, drinking, 

physical exercise 

 NO NO   

 26-30 -0.459853    -0.95539 0.035681 

 >=31 -0.036155   -0.58758 0.515269 

1- drop drinking age at first birth, race, age, education, income, smoking,  

physical exercise 

 NO NO   

 26-30 -0.356909    -0.83315 0.11933 

 >=31 0.040418   -0.48245 0.56329 

1- drop physical 

exercise 

age at first birth, race, age, education, income, smoking, 

drinking 

 NO NO   

 26-30 -0.401699    -0.90947 0.106074 

 >=31 -0.018928   -0.58215 0.54429 
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Table 5. Continued 
Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

1- drop race/ethnicity age at first birth, age, education, income, smoking, 

drinking, physical exercise 

 NO NO   

 26-30 -0.456582   -0.94238 0.029216 

 >=31 -0.053873   -0.58671 0.478967 

 

Variables in the model: age at first birth, race, age, education, income, smoking, drinking, physical exercise 
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Table 6. Backward elimination for model selection for the association between age at first birth and weight change during menopausal transition 

Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

Fully adjusted model age at first birth, race, age, education, income, smoking, 

drinking, physical exercise 

 NO NO   

 26-30 -1.08711    -2.402 0.227777 

 >=31 0.21491   -1.25956 1.689376 

1- drop age age at first birth, race, education, income, smoking, 

drinking, physical exercise 

 NO NO   

 26-30 -0.940092    -2.2546 0.374412 

 >=31 0.498601   -0.96508 1.962281 

1- drop education age at first birth, race, age,  income, smoking, drinking, 

physical exercise 

 NO NO   

 26-30 -1.13715    -2.41292 0.138614 

 >=31 0.117101   -1.29798 1.53218 

1- drop income age at first birth, race, age, education, smoking, drinking, 

physical exercise 

 NO NO   

 26-30 -1.00135    -2.31269 0.309981 

 >=31 0.27588   -1.19791 1.749675 

1- drop smoking age at first birth, race, age, education, income, drinking, 

physical exercise 

 NO NO   

 26-30 -1.21882    -2.51226 0.074627 

 >=31 0.092681   -1.36196 1.547326 

1- drop drinking age at first birth, race, age, education, income, smoking,  

physical exercise 

 NO NO   

 26-30 -0.948915    -2.19503 0.2972 

 >=31 0.287148   -1.0957 1.669994 

1- drop physical 

exercise 

age at first birth, race, age, education, income, smoking, 

drinking 

 NO NO   

 26-30 -1.1186    -2.44311 0.205896 

 >=31 0.127407   -1.35732 1.612135 
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Table 6. Continued 
Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

1- drop race/ethnicity age at first birth, age, education, income, smoking, 

drinking, physical exercise 

 NO NO   

 

26-30 

-1.13268   -

2.40181 

0.136455 

 

>=31 

0.159294   -

1.25069 

1.569275 

 

Variables in the model: age at first birth, race, age, education, income, smoking, drinking, physical exercise 
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Table 7. Backward elimination for model selection for the association between lactation and BMI change during menopausal transition 

Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

Fully adjusted model lactation, race, age, education, income, smoking, drinking, 

physical exercise 

     

 (0, 3] 0.099549    -0.43911 0.638207 

 (3,6] -0.057055   -0.66935 0.55524 

 >6 0.085073   -0.48453 0.654679 

1- drop age lactation, race, education, income, smoking, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.133392    -0.40415 0.670934 

 (3,6] -0.022206   -0.63359 0.589181 

 >6 0.133416   -0.43346 0.700294 

1- drop education lactation, race, age,  income, smoking, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.132676    -0.4046 0.669953 

 (3,6] -0.02889   -0.62839 0.570609 

 >6 0.105548   -0.44445 0.65555 

1- drop income lactation, race, age, education, smoking, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.105911    -0.43229 0.644114 

 (3,6] -0.043244   -0.65342 0.56693 

 >6 0.097448   -0.47033 0.66523 

1- drop smoking lactation, race, age, education, income, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.020498    -0.51087 0.55187 

 (3,6] -0.111471   -0.71717 0.494223 

 >6 0.02204   -0.53681 0.580887 

1- drop drinking lactation, race, age, education, income, smoking,  physical 

exercise 

 NO NO   
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Table 7. Continued 
Model Variables/Categories BMI change 

  beta estimate <10% <15% 95% CI 

 (0, 3] -0.100002    -0.60392 0.40392 

 (3,6] -0.212108   -0.78896 0.364741 

 >6 -0.087251   -0.62736 0.452861 

1- drop physical 

exercise 

lactation, race, age, education, income, smoking, drinking  NO NO   

 (0, 3] 0.068539    -0.47327 0.610349 

 (3,6] -0.107388   -0.72309 0.508309 

 >6 0.086544   -0.48686 0.659946 

1- drop race/ethnicity lactation, age, education, income, smoking, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.055107   -0.47716 0.587377 

 (3,6] -0.090694   -0.69565 0.514261 

 >6 0.08038   -0.46913 0.62989 

 

Variables in the model: lactation, race, age, education, income, smoking, drinking, physical exercise 

  



74 
 

Table 8. Backward elimination for model selection for the association between lactation and weight change during menopausal transition 

Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

Fully adjusted model lactation, race, age, education, income, smoking, drinking, 

physical exercise 

     

 (0, 3] 0.589983    -0.82559 2.005559 

 (3,6] 0.228115   -1.3786 1.834834 

 >6 0.473991   -1.01981 1.967787 

1- drop age lactation, race, education, income, smoking, drinking, 

physical exercise 

 NO NO   

 (0, 3] 0.700659    -0.71617 2.117489 

 (3,6] 0.3453   -1.26326 1.953857 

 >6 0.670477   -0.8192 2.160156 

1- drop education lactation, race, age,  income, smoking, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.619976    -0.78998 2.029935 

 (3,6] 0.204044   -1.37127 1.779354 

 >6 0.383768   -1.06112 1.828659 

1- drop income lactation, race, age, education, smoking, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.622691     -0.79338 2.038757 

 (3,6] 0.318475   -1.28442 1.921374 

 >6 0.566795   -0.92237 2.055959 

1- drop smoking lactation, race, age, education, income, drinking, physical 

exercise 

 NO NO   

 (0, 3] 0.346538     -1.04834 1.741418 

 (3,6] 0.052661   -1.53542 1.640747 

 >6 0.283546   -1.18211 1.749198 

1- drop drinking lactation, race, age, education, income, smoking,  

physical exercise 

 NO NO   
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Table 8. Continues 
Model Variables/Categories Weight change 

  beta estimate <10% <15% 95% CI 

 (0, 3] 0.104177    -1.22321 1.431566 

 (3,6] -0.145995   -1.66465 1.372663 

 >6 0.094278   -1.32631 1.514868 

1- drop physical 

exercise 

lactation, race, age, education, income, smoking, drinking  NO NO   

 (0, 3] 0.512002     -0.91285 1.936855 

 (3,6] 0.080551   -1.5359 1.697005 

 >6 0.463632   -1.04089 1.968149 

1- drop race/ethnicity lactation, age, education, income, smoking, drinking, 

physical exercise 

 NO NO   

 (0, 3] 0.523898   -0.87057 1.918366 

 (3,6] 0.188773   -1.39647 1.774016 

 >6 0.487216   -0.95033 1.924757 

 

Variables in the model: lactation, race, age, education, income, smoking, drinking, physical exercise 
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Table 9. Summary for model selection* 

Outcome Exposure race/ethnicity age education income smoking drinking physical exercise 

BMI change menarche age Y Y N N N Y Y 

 age at first birth Y Y Y Y Y Y Y 

 parity N Y Y N Y Y N 

 lactation Y Y Y Y Y Y Y 

weight change menarche age Y Y N Y Y Y Y 

 age at first birth Y Y Y Y Y Y Y 

 parity Y Y N Y N Y N 

 lactation Y Y Y Y Y Y Y 

 

*Y indicates the variable should be included in the model; N indicates the variable should not be included in the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


