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Abstract

Background
Numerous studies have suggested that age at �rst birth (AFB) is inversely associated with metabolic diseases, but positively associated with liver
cancer in women. Non-alcoholic fatty liver disease (NAFLD) is a canonical example of metabolic dysfunction and in�ammation-based liver disease,
while the association between AFB and risk of NAFLD remains unclear. We aimed to investigate the association between AFB and the odds of NAFLD
in women.

Methods
Women older than 20 years at the time of the survey were analyzed using National Health and Nutrition Examination Survey (NHANES) data from
1999 to 2018 in the US. AFB was obtained with self-administered questionnaires. NAFLD was diagnosed as fatty liver index ≥ 60. Odds ratios (ORs)
and 95% con�dence intervals (CI) were estimated using logistic regression models.

Results
Of the 12,188 women included in this study, 5,670 (46.5%) had NAFLD. Compared to individuals with AFB of 30–32 years old (reference group), the
fully adjusted ORs and 95% CI in women with AFB < 18 years, 18–20 years, 21–23 years, and 24–26 years were 1.59 (95% CI: 1.18, 2.13), 1.58 (95% CI:
1.20, 2.08), 1.38 (95% CI: 1.04, 1.83), and 1.33 (95% CI: 1.01–1.77), respectively. Yet there was no signi�cant difference between AFB of 27–29 years,
33–35 years, or > 35 years compared with the reference group.

Conclusions
Women with younger AFB have higher odds of NAFLD in later life. Policymakers should consider focusing on those with earlier AFB for screening and
prevention of NAFLD.

Background
Globally, the prevalence of non-alcoholic fatty liver disease (NAFLD) is reported to range from 25–45%. 1 The prevalence is increasing at an alarming
pace as the rates of obesity continue to rise. NAFLD is a syndrome characterized by excessive triglyceride (TG) accumulation within hepatocytes due
to a cause other than alcohol consumption, 2 and it has become the most common chronic liver disease. Furthermore, metabolic comorbidities are
common in individuals with NAFLD and create a huge economic burden. The large number of patients with NAFLD has made screening a major
challenge and, therefore, knowledge of risk factors for NAFLD would contribute to the identi�cation of high-risk populations and bene�t health
policymaking.

Epidemiological evidence shows that NAFLD prevalence in women increases signi�cantly after menopause. 3 Women’s health and wellbeing are
profoundly affected by estrogen levels, which can vary dramatically with age and decrease rapidly after menopause. 4 In addition to the putative
protective effect of estrogen, other reproductive factors may also play a key role in the development of NAFLD.

Pregnancy is a fundamental factor affecting women’s future health status. 5 During pregnancy, to support fetal development, the maternal body
undergoes changes in hormones, immunity, and metabolism. 6 There are a number of studies showing con�icting results on the association between
age at �rst birth (AFB) and women’s health in later life. Some studies have suggested that women with an early AFB are at higher risk for later-life
metabolic diseases and mortality, 7–11 while others found that an early AFB is associated with a decreased liver cancer risk. 12 NAFLD as a canonical
example of metabolic dysfunction and in�ammation-based liver disease is also an important risk factor for liver cancer. However, the association
between AFB and the long-term consequences of NAFLD remains unclear. Thus, the present study aims to investigate the relationship between AFB
and the risk of NAFLD using the National Health and Nutrition Examination Survey (NHANES) data from 1999 to 2018 in the US.

Methods
Study population

The NHANES is a complex, strati�ed, multistage, probability-cluster program designed to assess Americans’ health and nutritional status. Females
older than 20 years at the time of the survey from NHANES 1999–2018, a total of 10 cycles, were included in this analysis.

Of the 26,705 participants who attended the reproductive health interview, 14,171 were excluded due to: (1) missing information to de�ne NAFLD (n =
3,106); (2) being pregnant or lactating at the time of the survey (n = 1,580); (3) self-reported previous malignancy (n = 2,146); (4) without live birth or
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missing information of AFB (n = 7,339); (5) having elevated alcohol intake (> 14 drinks/week, n = 203); (6) positive hepatitis B surface antigen or
hepatitis C RNA (n = 143). Finally, this analysis included 12,188 subjects (Figure 1).

The surveys were approved by the National Center for Health Statistics Ethics Review Board. All participants signed informed consent prior to their
participation.

De�nition of outcomes

The main outcome of the present study was NAFLD, which was de�ned as a fatty liver index (FLI) ≥ 60. We followed previous practice and
constructed FLI using TG, body mass index (BMI), gamma-glutamyltransferase (GGT), and waist circumference (WC). 13 Population-based studies
have veri�ed the reliability of FLI ≥ 60 for predicting the presence of NAFLD, which shows high sensitivity and speci�city. 14–16 De�nitions of the
secondary outcomes, i.e., metabolic-associated fatty liver disease (MAFLD), FLI (< 30, 30 to 59.9, or ≥ 60), NAFLD �brosis score (NFS, < −1.455,
−1.455 to 0.676, or > 0.676), and NAFLD-related comorbidities, are detailed in the supplementary �le.

Reproductive factors

Reproductive factors were obtained from self-administered questionnaires. Participants recalled their AFB, age at menarche, and age at menopause at
the time of the survey through the reproductive health questionnaires. Investigators also gathered their parity, personal medication (including birth
control and hormone pills), and gynecologic surgical (e.g., oophorectomy or hysterectomy) history at the same time. Fertile lifespan was calculated by
age at menopause minus age at menarche. Note that in this study, AFB refers to the �rst live birth; pregnancy loss (prior stillbirth, miscarriage, or
ectopic pregnancy) and or stillbirth were not included.

Other covariates

Demographic information of each participant was collected with a questionnaire at the time of enrollment. Race was dichotomized as white or non-
white, the latter including Mexican American, non-white Hispanic, Asian, and other races. Education level was categorized into less than 12th grade,
high school or equivalent, and college graduate or above. Poverty–income ratio (PIR), a ratio of family income to the poverty threshold, re�ects the
annual family income level. Well-trained health technologists measured weight and height according to the anthropometry procedure manual. BMI
was calculated as weight (kg) divided by height squared (m2). Lifestyle factors including smoking status, alcohol intake, and leisure activity levels
were assessed by separate questionnaires, respectively. In NHANES, diet was assessed using 24-hour dietary recalls, which collected information on
everything the participants consumed in the preceding 24 hours. The healthy eating index (HEI) was calculated based on these data. One of our
previous works described this assay in more detail, 17 with minor modi�cations.

Statistical analysis

Analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina), accounting for the Mobile Examination Center (MEC) exam
sampling weights and the complex survey design of NHANES; P values of less than 0.05 were considered to be statistically signi�cant. The missing
variables were imputed as the most common value for categorical variables, and median imputation was used for missing continuous covariates. The
preliminary analyses were descriptive statistics; continuous variables were shown as survey-weighted means with SE, whereas categorical variables
were expressed as cases (n) and percentages (%).

For primary analyses, we performed multivariate logistic regression models to analyze the association between AFB and NAFLD. The lowest level of
risk, i.e., AFB of 30–32 years, was used as the reference group. Odds ratio (OR) with 95% con�dence interval (CI) was used to determine the degree of
association. We did not adjust for any covariate in Model 0; and adjusted for age (years), race (Mexican American, other Hispanic, non-Hispanic white,
non-Hispanic black, other race), education level (less than 12th grade, high school or equivalent, college graduate or above), and family PIR in Model 1;
Model 1 plus smoking status (never, ever, current), alcohol intake (drinks/week), leisure activity (MET-min/day), total energy intake (kcal/day), and HEI-
2015 constituted Model 2; we additionally adjusted for parity (times), menopause status (yes/no), use of female hormones (never/ever), oral
contraceptive use (never/ever), hysterectomy (yes/no), and both ovaries removed (yes/no) in Model 3, which was the fully adjusted model. Within the
fully adjusted model, a restricted cubic spline in a random-effects dose–response model was used to illustrate the nonlinear association between AFB
and NAFLD. The spline curve was drawn with Stata software version 15.1.

We further carried out strati�ed analysis according to age at the survey (< 45 or ≥ 45 years), menopause status (yes or no), and race (white or non-
white) to explore potential sources of heterogeneity. Then six sets of sensitivity analyses were performed to test the robustness of the �ndings by
excluding individuals who had undergone gynecologic surgery (had hysterectomy or ovaries removed), ever used female hormones, unnormal age at
menarche (< 9 or > 18 years) or menopause (< 40 or > 55 years or premenopausal), or with parity more than 5, respectively.

Results
Of the 12,188 women included in this study, 5,670 (46.5%) had NAFLD. The baseline characteristics of the participants meeting inclusion criteria by
categories of AFB are summarized in Table 1. Participants were grouped into AFB < 18 years, 18–20 years, 21–23 years, 24–26 years, 27–29 years,
30–32 years, 33–35 years, and > 35 years groups. With an increase of AFB, family PIR, HEI-2015 levels, and proportion with higher education
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increased progressively. Women who gave birth �rst between 30 and 32 years of age had the lowest level of BMI, WC, ALT, AST, FLI, and NFS, and were
less likely to be current smokers, postmenopausal, or to have ever used female hormones, and also the lowest proportion of having had hysterectomy
and both ovaries removed; meanwhile, they had the highest leisure activity, age at menarche, age at menopause, and fertile lifespan. On the other
hand, compared to non-NAFLD participants, individuals with NAFLD were older, with higher BMI, more parity, lower family PIR level, lower leisure
activity level, lower dietary quality (HEI-2015), younger age at menarche, younger age at menopause, and younger AFB (Supplemental Table 1). Also,
individuals with NAFLD were more likely to be non-white, have lower education levels, have postmenopausal status, and have had a hysterectomy and
both ovaries removed.
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Table 1
Basic characteristics of participants according to age at �rst birth.

    Age at �rst birth (years)

  Total < 18 18–20 21–23 24–26 27–29 30–32 33–35 > 35 P

Case/n 5670/12188 1047/1934 1869/3656 1320/2862 725/1731 406/1071 167/543 91/261 45/130  

Age (year) 51.71 ± 0.17 47.86 ± 
0.39

51.77 ± 
0.33

53.74 ± 
0.34

52.47 ± 
0.38

50.74 ± 
0.44

50.66 ± 
0.64

51.97 
± 0.96

52.33 
± 1.28

< 
0.001

BMI (kg/m2) 29.37 ± 0.10 30.86 ± 
0.22

30.23 ± 
0.17

29.41 ± 
0.21

28.89 ± 
0.22

27.95 ± 
0.26

26.96 ± 
0.38

27.98 
± 0.56

27.52 
± 0.70

< 
0.001

Waist (cm) 97.13 ± 0.23 99.92 ± 
0.51

99.24 ± 
0.41

97.24 ± 
0.43

96.10 ± 
0.50

93.66 ± 
0.60

92.01 ± 
0.89

94.47 
± 1.28

93.06 
± 1.84

< 
0.001

Family PIR 2.85 ± 0.03 1.99 ± 0.05 2.43 ± 0.04 2.90 ± 0.04 3.21 ± 
0.05

3.48 ± 
0.06

3.65 ± 
0.07

3.74 ± 
0.12

3.79 ± 
0.13

< 
0.001

Alcohol intake
(drinks/week)

1.27 ± 0.04 1.03 ± 0.08 1.11 ± 0.06 1.10 ± 0.06 1.35 ± 
0.09

1.72 ± 
0.13

1.99 ± 
0.21

1.92 ± 
0.24

1.15 ± 
0.28

< 
0.001

Leisure activity
(MET-min/day)

96.03 ± 2.59 75.81 ± 
5.67

83.27 ± 
4.16

91.20 ± 
4.91

112.73 ± 
6.77

111.17 ± 
7.77

136.01 
± 8.72

119.39 
± 11.51

93.58 
± 15.28

< 
0.001

HEI-2015 51.14 ± 0.23 47.63 ± 
0.37

49.29 ± 
0.30

51.09 ± 
0.36

53.07 ± 
0.46

53.13 ± 
0.68

54.96 ± 
0.70

56.48 
± 1.08

56.43 
± 1.77

< 
0.001

Age at menarche 12.74 ± 0.02 12.30 ± 
0.05

12.72 ± 
0.04

12.82 ± 
0.04

12.83 ± 
0.05

12.89 ± 
0.06

12.90 ± 
0.10

12.82 
± 0.12

12.66 
± 0.29

< 
0.001

Age at
menopause

44.64 ± 0.18 41.51 ± 
0.41

43.15 ± 
0.29

44.84 ± 
0.30

46.03 ± 
0.35

47.34 ± 
0.39

48.74 ± 
0.51

48.19 
± 0.73

46.37 
± 0.77

< 
0.001

Fertile lifespan a 31.87 ± 0.18 29.19 ± 
0.42

30.38 ± 
0.29

32.01 ± 
0.30

33.16 ± 
0.36

34.42 ± 
0.37

35.70 ± 
0.53

35.39 
± 0.76

33.71 
± 0.85

< 
0.001

Parity 2.87 ± 0.02 3.55 ± 0.04 3.19 ± 0.03 2.86 ± 0.03 2.59 ± 
0.03

2.40 ± 
0.03

2.19 ± 
0.04

2.01 ± 
0.04

1.78 ± 
0.11

< 
0.001

ALT (U/L) 21.00 ± 0.14 21.22 ± 
0.40

20.99 ± 
0.27

20.94 ± 
0.26

21.18 ± 
0.31

20.80 ± 
0.41

20.58 ± 
0.76

20.74 
± 0.92

22.21 
± 1.74

0.76

AST (U/L) 22.86 ± 0.15 22.58 ± 
0.30

22.91 ± 
0.33

22.85 ± 
0.21

22.98 ± 
0.27

22.70 ± 
0.35

22.42 ± 
0.53

24.72 
± 2.28

22.92 
± 1.36

0.58

FLI 50.21 ± 0.49 56.29 ± 
0.94

55.23 ± 
0.77

50.45 ± 
0.91

47.95 ± 
1.11

42.73 ± 
1.27

38.02 ± 
1.86

43.07 
± 2.69

39.78 
± 3.86

< 
0.001

NFS -1.94 ± 0.02 -1.96 ± 
0.04

-1.91 ± 
0.04

-1.84 ± 
0.04

-1.98 ± 
0.04

-2.11 ± 
0.05

-2.17 ± 
0.07

-1.78 ± 
0.11

-2.06 ± 
0.12

0.012

≥College
graduate (%)

5488 (54.1) 482 (28.5) 1217
(37.6)

1343
(54.6)

1019
(67.2)

751
(80.6)

399
(79.9)

188
(86.7)

89
(81.4)

< 
0.001

Current smoker
(%)

2062 (18.5) 522 (31.7) 779 (25.7) 406 (15.5) 179
(12.8)

103 (9.4) 42 (7.7) 19
(8.3)

12
(10.0)

< 
0.001

Postmenopausal
(%)

7561 (58.5) 1140
(54.8)

2358
(62.5)

1864
(63.1)

1090
(58.8)

607
(49.9)

284
(47.7)

140
(48.9)

78
(58.5)

< 
0.001

Oral
contraceptive
(%)

8103 (73.9) 1295
(72.0)

2447
(72.4)

1858
(71.9)

1156
(75.2)

734
(79.2)

366
(78.6)

170
(76.7)

77
(75.0)

0.003

Use female
hormones (%)

2862 (26.7) 363 (20.6) 907 (28.5) 731 (30.2) 446
(28.4)

234
(23.2)

104
(19.4)

51
(23.5)

26
(28.9)

< 
0.001

Had a
hysterectomy
(%)

3159 (25.5) 544 (30.2) 1084
(30.4)

814 (28.4) 419
(23.4)

184
(16.8)

64 (9.8) 34
(11.9)

16
(18.0)

< 
0.001

a Fertile lifespan = age at menopause – age at menarche;

Continuous variables were shown as survey weighted mean ± SE; Categorical variables expressed as No. (%);

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FLI, fatty liver index; HEI, health eating
index; MET, metabolic equivalent; NFS, NAFLD �brosis score; Family PIR, ratio of family income to poverty.
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    Age at �rst birth (years)

Both ovaries
removed

1498 (12.8) 240 (14.1) 502 (15.3) 401 (14.9) 204
(10.8)

95 (8.5) 30 (6.2) 18
(7.8)

8 (7.8) < 
0.001

a Fertile lifespan = age at menopause – age at menarche;

Continuous variables were shown as survey weighted mean ± SE; Categorical variables expressed as No. (%);

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FLI, fatty liver index; HEI, health eating
index; MET, metabolic equivalent; NFS, NAFLD �brosis score; Family PIR, ratio of family income to poverty.

The survey-weighted percentages of NAFLD were 50.27%, 48.59%, 43.21%, 38.87%, 35.01%, 27.99%, 34.77%, and 28.11% for the eight groups,
respectively (Table 2). Compared to participants with AFB between 30 and 32 years old, those with AFB ≤ 29 years showed higher ORs of NAFLD
(from 1.39 to 2.60, P < 0.05). Further adjusting for confounding factors substantially reduced the identi�ed associations in participants with AFB of
27–29 years. The association signi�cance became weaker but persisted for the groups with AFB ≤ 26 years after adjustment of sociodemographic
characteristics, lifestyle, and reproductive factors (Model 3); the fully adjusted ORs ranged from 1.33 to 1.59 with P < 0.05. However, there was no
signi�cant difference between AFB of 33 to 35 or > 35 years compared with the reference group. We examined the nonlinear association of AFB with
NAFLD, and a U-shaped curve tendency was observed (Fig. 2).

Table 2
Survey weighted odds ratios (95% CI) for the association between age at �rst birth and the presence of NAFLD.

  Age at �rst birth (years)

< 18 18–20 21–23 24–26 27–29 30–32 33–35 > 35

Case/N 1047/1934 1869/3656 1320/2862 725/1731 406/1071 167/543 91/261 45/130

Percent (Mean 
± SE)

50.27 ± 1.59 48.59 ± 1.13 43.21 ± 1.38 38.87 ± 1.62 35.01 ± 1.75 27.99 ± 
2.61

34.77 ± 3.61 28.11 ± 6.29

Model 0 2.60 (1.95–
3.46)

2.43 (1.87–
3.16)

1.96 (1.48–
2.59)

1.64 (1.24–
2.16)

1.39 (1.04–
1.85)

1.00
(Ref.)

1.37 (0.90–
2.10)

1.01 (0.54–
1.88)

Model 1 2.07 (1.55–
2.75)

1.97 (1.51–
2.57)

1.67 (1.26–
2.21)

1.50 (1.13–
1.98)

1.36 (1.02–
1.81)

1.00
(Ref.)

1.38 (0.90–
2.10)

1.00 (0.54–
1.87)

Model 2 1.89 (1.42–
2.52)

1.82 (1.39–
2.39)

1.53 (1.16–
2.02)

1.44 (1.10–
1.88)

1.29 (0.97–
1.73)

1.00
(Ref.)

1.38 (0.91–
2.11)

0.95 (0.51–
1.78)

Model 3 1.59 (1.18–
2.13)

1.58 (1.20–
2.08)

1.38 (1.04–
1.83)

1.33 (1.01–
1.77)

1.24 (0.93–
1.67)

1.00
(Ref.)

1.38 (0.90–
2.11)

0.92 (0.49–
1.73)

Model 0, without adjustment;

Model 1, adjusted for age (years), race (Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, other race), education level
(less than 12th grade, high school or equivalent, college graduate or above), and family poverty income ratio;

Model 2, adjusted for model 1 + smoking status (never, ever, current), alcohol intake (drinks/week), leisure activity (MET-min/day), total energy
intake (kcal/d), and HEI-2015;

Model 3, adjusted for model 2 + parity (times), menopause status (yes/no), use of female hormones (never/ever), oral contraceptive use
(never/ever), hysterectomy (yes/no), and both ovaries removed (yes/no).

Despite no statistical subgroup interactions, results varied between prespeci�ed subgroups of current age, menopause status, and race. A stronger
association between AFB and NAFLD was observed in participants who were aged 45 years or older, postmenopausal, and white, than in those aged
less than 45 years, premenopausal, and black, respectively (Table 3).
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Table 3
Strati�ed analysis of the association between age at �rst birth and the presence of NAFLD.

  Case/N Age at �rst birth (years) P -
interaction

< 18 18–20 21–23 24–26 27–29 30–
32

33–35 > 35

Age at
survey

                  0.90

< 45 years 2140/5250 1.50
(0.93–
2.41)

1.29
(0.84–
1.99)

1.28
(0.83–
1.99)

0.99
(0.64–
1.54)

1.18
(0.74–
1.89)

1.00
(Ref.)

1.30
(0.64–
2.67)

1.16
(0.45–
2.97)

 

≥ 45 years 3530/6938 1.83
(1.29–
2.61)

1.99
(1.42–
2.78)

1.59
(1.13–
2.24)

1.57
(1.11–
2.23)

1.30
(0.91–
1.86)

1.00
(Ref.)

1.50
(0.91–
2.48)

0.83
(0.38–
1.83)

 

Menopause
status

                  0.87

No 1811/4626 1.75
(1.17–
2.62)

1.53
(1.07–
2.17)

1.43
(0.97–
2.11)

1.13
(0.80–
1.61)

1.39
(0.91–
2.13)

1.00
(Ref.)

1.21
(0.60–
2.41)

0.89
(0.41–
1.93)

 

Yes 3857/7558 1.67
(1.10–
2.55)

1.81
(1.20–
2.73)

1.48
(0.98–
2.23)

1.55
(1.01–
2.38)

1.14
(0.75–
1.74)

1.00
(Ref.)

1.58
(0.89–
2.80)

0.91
(0.37–
2.24)

 

Race*                   0.65

White 2132/5013 1.69
(1.14–
2.51)

1.86
(1.30–
2.68)

1.61
(1.14–
2.28)

1.60
(1.12–
2.29)

1.45
(0.99–
2.13)

1.00
(Ref.)

1.73
(1.05–
2.84)

0.87
(0.41–
1.87)

 

Non-white 3538/7175 1.44
(1.02–
2.05)

1.34
(0.94–
1.92)

1.17
(0.82–
1.66)

0.97
(0.68–
1.40)

0.93
(0.62–
1.38)

1.00
(Ref.)

0.84
(0.44–
1.61)

1.36
(0.69–
2.71)

 

* White, non-Hispanic white; Non-white, including Mexican American, non-Hispanic black, and other race;

Adjusted for model 3;

We conducted six sets of sensitivity analyses and present the results in Table 4. The overall ORs were not signi�cantly affected by the exclusion of
people who had had a hysterectomy, both ovaries removed, ever used female hormones, age at menarche < 9 years or > 18 years, age at menopause < 
40 years or > 55 years or premenopausal, or had given birth more than �ve times, indicating the robustness of the results in our research.

Table 4
Sensitivity analysis of the association between age at �rst birth and the presence of NAFLD.

Exclusion Age at �rst birth (years)

< 18 18–20 21–23 24–26 27–29 30–
32

33–35 > 35

Had a hysterectomy 1.80
(1.31–
2.46)

1.64
(1.23–
2.19)

1.38
(1.01–
1.88)

1.26
(0.93–
1.70)

1.24
(0.91–
1.70)

1.00
(Ref.)

1.43
(0.88–
2.31)

0.83
(0.41–
1.65)

Both ovaries removed 1.65
(1.23–
2.21)

1.65
(1.25–
2.16)

1.37
(1.02–
1.83)

1.28
(0.96–
1.72)

1.25
(0.92–
1.70)

1.00
(Ref.)

1.50
(0.95–
2.36)

0.74
(0.37–
1.47)

Ever use of female hormones 1.85
(1.33–
2.57)

1.89
(1.39–
2.58)

1.64
(1.20–
2.26)

1.53
(1.12–
2.08)

1.44 (1.04-
2.00)

1.00
(Ref.)

1.75
(1.05–
2.89)

0.90
(0.47–
1.74)

Age at menarche < 9 or > 18 years 1.64
(1.22–
2.19)

1.62
(1.23–
2.14)

1.41
(1.07–
1.87)

1.36
(1.03–
1.79)

1.25
(0.93–
1.68)

1.00
(Ref.)

1.42
(0.93–
2.15)

0.92
(0.49–
1.73)

Age at menopause < 40 or > 55 years
or premenopausal

1.65
(1.23–
2.21)

1.64
(1.25–
2.17)

1.43
(1.08–
1.89)

1.36
(1.03–
1.80)

1.26
(0.94–
1.69)

1.00
(Ref.)

1.41
(0.93–
2.15)

0.92
(0.49–
1.73)

Parity > 5 1.64
(1.22–
2.21)

1.64
(1.24–
2.17)

1.44
(1.09–
1.91)

1.37
(1.03–
1.82)

1.27
(0.95–
1.71)

1.00
(Ref.)

1.41
(0.93–
2.15)

0.93
(0.49–
1.74)

Adjusted for model 3;
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In addition, FLI and NFS re�ected the severity of liver injury. Similar to the primary analysis, the risk of elevated FLI and NFS was signi�cantly higher
for groups with younger AFBs (Supplemental Table 2). We also evaluated the association of AFB with MAFLD, a newly de�ned metabolic dysfunction-
associated fatty liver disease, and the speci�c complications of NAFLD, including overweight, obesity, diabetes, hypertension, and dyslipidemia.
Results were similar to those of the primary analysis network and details are provided in Supplemental Tables 3 and 4.

Discussion
In this large population-based study, we found that younger AFB (≤ 26 years) was associated with a higher risk of NAFLD in later life of women. An
increasing trend of NAFLD risk was observed for higher AFB (> 32) compared with AFB of 30–32 years, but this did not reach statistical signi�cance.
Therefore, we can expect U-shaped associations between AFB and NAFLD, as shown by the spline.

Those who were white, postmenopausal, or with current age ≥ 45 years had a signi�cantly stronger association between AFB and NAFLD than the
other respective comparison groups. These results add to the accumulating evidence of age and menopause status differences in NAFLD. That is
possibly due to the dramatic drop in estrogen levels with increasing age and menopause, and estrogen having the potential to inhibit the activation of
hepatic stellate cells. 18,19

The risk of NAFLD associated with AFB was higher in white women than in black, suggesting a modi�ed effect of genetic background. In consist with
the meta-analysis, notable racial disparities in NAFLD prevalence exist worldwide. Nonetheless, this �nding should be interpreted with caution.
Moreover, we also found similar results between AFB and NAFLD-related complications with the primary analyses, demonstrating the robustness of
the synthetic strategy.

Numerous early studies have focused on AFB in women’s health. Most shreds of evidence support that early AFB is related to an elevated risk of
metabolic diseases but decreased risk of liver cancer in women. 7–12 Hepatitis is most closely related to both metabolic diseases and liver cancer.
However, evidence of the relationship between AFB and hepatitis is scarce and inconsistent. Most relevant to this study is the one which suggested no
signi�cant association between AFB and hepatic steatosis among 331 women in Michigan, 20 but there was limited statistical power due to the small
sample size. Besides that, there was another one conducted by Wang et al. 21 Regrettably, they compared the risk of NAFLD between women who had
given birth and nulliparous women only, and did not illustrate the differences in NAFLD risk between the different AFB categories. NAFLD is not only
the hepatic component of metabolic syndrome but also an emergent risk factor for liver cancer. Understanding the potential association between AFB
and NAFLD is critical for the prevention and management of NAFLD, especially for older or postmenopausal women. 22

The potential mechanisms are not fully understood, but several factors may account for these responses. First, the protective effect of estrogen
against NAFLD has been reported by substantial studies. 23–25 Adolescent mothers have stronger metabolic plasticity of hormonal response to
pregnancy; therefore, estrogen change trajectories may differ from those in women with older AFB, which may irreversibly in�uence estrogen levels in
later life. Then, there are substantial and complex interactions between metabolism and reproduction. From an evolutionary standpoint, speci�c
metabolic changes promote fetal growth and development at the expense of maternal bene�ts. 26 For example, pregnancy and childbirth are marked
by increasing adipose tissue and lipolysis, insulin resistance, and in�ammation, which may persist after giving birth, and can negatively affect
subsequent NAFLD risks for the mother.

Apart from purely physiological reasons, the �ndings of the present study can be primarily interpreted on socioeconomic levels. As an illustration,
women who were younger at the time of �rst birth were more likely to have lower educational attainment and lower family PIR, which were often
accompanied by riskier health behaviors, including smoking, poor physical performance, and higher alcohol consumption. And those unhealthy
lifestyles in turn lead to higher odds of NAFLD in later life. Second, those with younger AFB were also more likely to have had unintended pregnancies,
which was associated with unhealthy behaviors or delays in getting health care during the pregnancy.

The prevalence of NAFLD is rapidly increasing paralleled by the rapid increment of obesity, diabetes, and other metabolic diseases. 27,28 With the
increased prevalence, management practices are focused on screening and prevention. Therefore, the identi�cation of individuals at high risk of
developing NAFLD becomes particularly important. However, there is no satisfying screening strategy for targeting people at high risk of NAFLD. We
found that women with AFB ≤ 26 years had higher odds of NAFLD, especially when they were older than 45 years or postmenopausal. These �ndings
have important public health policy implications to prevent NAFLD development and reduce the disease burden. Furthermore, our results are ethnically
diverse, which provides clues to suggest that different policies may be required for populations with different ethnic/racial backgrounds.

There are several strengths to this study. Firstly, this is one of the rare studies to examine the relationship between AFB and NAFLD. This �nding was
robust to different assessments of NAFLD risk factors and related comorbidities. Secondly, the present analysis was based on the NHANES database,
a population-based design with a large sample size and an ethnically diverse and well-characterized study population, including detailed information
on reproductive/hormone-related factors and other important covariates. The large sample size was powerful enough to support the strati�ed analysis
of different ages, menopause status, and races.

However, one needs to be alert to some limitations when interpreting this study. A large number of self-reported data included in this study, such as
reproductive health, physical activity, and history of liver disease, may contain sources of recall bias and reduced reliability of the results. Then, NAFLD
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status was inferred based upon a previously validated noninvasive diagnostic index, but it is not a perfect proxy for NAFLD diagnosis based upon liver
biopsy or other imaging examination methods. Data on lifestyle earlier in life, like BMI around pregnancy, alcohol drinking, and smoking status, which
may affect the NAFLD risk later, were not available. Third, cause-and-effect relationships were not elucidated due to the cross-sectional design. Finally,
because the data were from multiple cross-sectional studies, the design of the questionnaires was not uniform across the cycles; therefore, non-
measurable bias would be included during the data merge. Thus, more work will be required to validate these �ndings.

Collectively, our �ndings support that earlier AFB relates to unfavorable outcome of NAFLD in later life of women. Policymakers should consider
focusing on women with earlier AFB for screening and prevention of NAFLD.
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Figure 1

Flow chart of participants.
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Figure 2

Nonlinear association between age at �rst birth and NAFLD.

Pooled dose-response association between age at �rst birth and odds of NAFLD. Age at �rst birth was modeled with restricted cubic splines in a
random-effects dose-response model (grey line). Solid lines represent the odds ratio, dotted lines represent the 95% con�dence interval for the spline
model. The value of 30 years served as a reference, and model 3 was adjusted.
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