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ABSTRACT
Background and Objective: The impact of lifetime body mass index (BMI) trajectories on adult lung function abnormalities 
has not been investigated previously. We investigated associations of BMI trajectories from childhood to mid-adulthood with 
lung function deficits and COPD in mid-adulthood.
Methods: Five BMI trajectories (n = 4194) from age 5 to 43 were identified in the Tasmanian Longitudinal Health Study. Lung 
function outcomes were defined using spirometry at 45 and 53 years. Associations between these BMI trajectories and lung func-
tion outcomes were investigated using multivariable regression.
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Results: Compared to the average BMI trajectory, the child's average-increasing BMI trajectory was associated with greater 
FVC decline from 45 to 53 years (β = −178 mL; 95% CI −300.6, −55.4), lower FRC, ERV and higher TLco at 45 years, lower FVC 
(−227 mL; −345.3, −109.1) and higher TLco at 53 years. The High BMI trajectory was also associated with lower FRC, ERV and 
higher TLco at 45 years, while spirometric restriction (OR = 6.9; 2.3, 21.1) and higher TLco at 53 years. The low BMI trajectory 
was associated with an obstructive picture: lower FEV1 (−124 mL; −196.4, −51.4) and FVC (−91 mL; −173.4, −7.7), and FEV1/
FVC (−1.2%; −2.2, −0.1) and higher ERV and lower TLco at 45 and 53 years. A similar pattern was found at 53 years. No associa-
tions were observed with spirometrically defined COPD.
Conclusion: Our findings revealed contrasting lung function abnormalities were associated with high, subsequently increasing, 
and low BMI trajectories. These results emphasise the importance of tracking changes in BMI over time and the need to maintain 
an average BMI trajectory (BMI-Z-score 0 at each time point) throughout life.

1   |   Introduction

An accelerated decline in lung function, leading to adverse out-
comes such as the potential development of chronic obstructive 
pulmonary disease (COPD) in adulthood, has been linked to 
premature mortality and other non-communicable diseases, 
including cardiovascular disease and diabetes [1–3]. COPD 
is currently the third leading cause of death, accounting for 
3.3 million deaths annually, imposing a significant burden on 
healthcare systems [4].

This analysis particularly focuses on the role of lifetime body 
mass index (BMI) change as a modifiable risk factor for lung 
function deficits and COPD in mid-adulthood [5, 6]. Several 
studies have investigated the relationship between BMI and 
lung function abnormalities; however, their results have been 
inconsistent. Some studies reported an association between low 
BMI and spirometric restriction [7, 8]. Conversely, others have 
suggested that a high BMI might increase the risk of adult spi-
rometric restrictive patterns [9]. A potential source of these in-
consistencies may be the reliance on BMI measurement taken 
at a single point in time, which may fail to capture variations or 
dynamic changes in adiposity over the life course.

In contrast, repeated measures of lifetime BMI at different time 
points can offer valuable insights into the variability, age of 
onset, duration and intensity of adiposity over time [10]. This 
approach enables differentiation of the effects of distinct BMI 
patterns or ‘trajectories’ on lung function outcomes in mid-
adulthood [11]. Therefore, we hypothesized that statistically 
modelling changes in adiposity throughout the life course might 
identify trajectories associated with varying risks and provide 
crucial insights into critical exposure windows.

Several studies have documented that different published pat-
terns of lifetime BMI trajectories are differentially associated 
with various chronic health conditions, with individuals follow-
ing high BMI trajectories being at heightened risks of developing 
multiple non-communicable diseases [12–15]. However, no stud-
ies have explored the relationship of lifetime BMI trajectories with 
lung function deficits and COPD in middle age. Moreover, our 
previous work has indicated that both Child Average-Increasing 
and consistently high BMI trajectories from childhood to middle 
age were associated with new-onset asthma in middle-age [16].

Given this gap in existing knowledge, we investigated the asso-
ciation between BMI trajectories from childhood to middle age 

(from 5 to 43 years) and various lung function parameters at 45 
and 53 years, including spirometry, change in spirometry, total 
lung capacity (TLC), functional residual capacity (FRC), expira-
tory reserve volume (ERV), transfer factor for carbon monoxide 
(TLco) and spirometrically defined COPD.

2   |   Methods

2.1   |   Study Population and Design

The current study used data from the Tasmanian Longitudinal 
Health Study (TAHS), a prospective cohort study. The method-
ology was extensively outlined and published previously [17]. At 
baseline, the children (7 years old) underwent spirometry, and 
their parents completed a detailed questionnaire on various re-
spiratory outcomes. Follow-up assessments were performed at 
ages 13, 18, 30, 45, 50 and 53, with surveys completed and spi-
rometry measured following the ATS and ERS joint guidelines 
[18]. Post-BD spirometry and TLco were measured at ages 45 and 
53 years, while static lung volumes were measured at 45 years 
(see in the Supporting Information repository method 1).

2.2   |   Exposure: Body Mass Index Trajectories

We have previously published a detailed procedure for develop-
ing BMI trajectories. BMI was calculated at eight-time points 
using group-based trajectory modelling (GBTM) on 4194 partic-
ipants with at least 3-time points [19].

2.3   |   Outcomes: Lung Function

Lung function outcomes were analysed using four outcome 
variables.

•	 Spirometry

Spirometry indices as a continuous variable at ages 45 and 53 
were forced expiratory volume in the first second (FEV1), forced 
vital capacity (FVC) and the ratio of the FEV1 to FVC (FEV1/
FVC).

•	 Change in spirometry

Change in spirometry was calculated by subtracting lung 
function indices (FEV1, FVC and FEV1/FVC) at 45 from lung 
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function indices at 53 years and adjusted for baseline lung 
function.

•	 Spirometry phenotypes

GLI reference values were used to derive LLN (lower limit of 
normal) [20]. Spirometry phenotypes at 45 and 53 years were de-
fined as a four-level variable that was mutually exclusive:

1.	 Spirometric restriction-only was defined as FVC < LLN 
and FEV1/FVC ratio ≥ LLN.

2.	 Obstructive-only spirometry was defined as FVC ≥ LLN 
and the FEV1/FVC ratio < LLN.

3.	 Mixed pattern was defined as both FVC and the FEV1/
FVC ratio < LLN.

4.	 Normal spirometry was defined as the FVC and FEV1/
FVC ratio ≥ LLN [21].

2.4   |   Chronic Obstructive Pulmonary Disease

COPD at the age of 45 and 53 years was defined spirometrically 
as post-BD FEV1/FVC ratio < LLN.

2.5   |   Statistical Analysis

The associations of BMI trajectories with continuous lung func-
tion parameters at 45 and 53 years and change in lung function 
from 45 to 53 years were evaluated with linear regression.

The association with COPD and spirometry phenotype at 45 and 
53 years was evaluated using logistic and multinominal regres-
sion respectively. Initially, the spirometric phenotype was de-
fined as a four-level variable, but the mixed group was excluded 
as there were only six participants at age 45 and 7 at age 53 in 
this group. We then compared spirometric restriction and ob-
structive only versus normal for this variable.

All associations were adjusted for the potential confounders se-
lected by developing a directed acyclic graph (DAG) based on a 
literature review. Smoking was considered an effect modifier, as 
the information was available at 43 and 53 years. (see Figures S1 
and S2 in the Supporting Information) [22] (see Supporting 
Information repository methods 2 and 3 for interaction and 
confounding).

We performed an additional regression analysis of BMI tra-
jectories with static lung volumes (TLC, FRC and ERV) and 
TLco to support the spirometry findings in a subset for these 

parameters at 45 and 53 years (Supporting Information repos-
itory method 4).

3   |   Results

3.1   |   Early Life Characteristics of BMI Trajectories

Five distinct BMI trajectories were identified from 5 to 
43 years of age for 4194 participants: Average, low, high, child 
high-decreasing and child average-increasing (Figure  1) [16]. 
Illustration of the BMI trajectories can be found in the Supporting 
Information. The distributions of sex, childhood asthma and 
bronchitis were similar across all five trajectories (Table  1). 
Childhood %predicted FEV1 and FVC were lower in the Low 
BMI trajectory, with the prevalence of having been pre-term 
or small for gestational age (SGA) being higher in this group. 
Furthermore, the proportions of participants with low birth 
weight, parental smoking and maternal asthma were higher in 
the child average-increasing and high BMI trajectories. In ad-
dition, the proportion of parents who worked as labourers was 
higher in child average-increasing and high BMI trajectories.

3.2   |   Associations Between BMI Trajectories, 
Spirometry, Phenotypes and COPD

3.2.1   |   Low BMI Trajectory

Compared to the Average BMI trajectory, the Low BMI trajec-
tory was associated with lower FEV1, FVC and FEV1/FVC ratio 
at age 45 (Figure  2, Table  S1 in the Supporting Information). 
Similarly, at 53 years, the low BMI trajectory was associated with 
lower FEV1 and lower FVC (Figure 3, Table S2 in the Supporting 
Information). This trajectory was not associated with the 
change in lung function from 45 to 53 years (Figure 4, Table S3 
in the Supporting Information). No associations were found 
with spirometry phenotypes or spirometrically defined COPD 
at 45 (Figures  S3 and S4, Tables  S4 and S5 in the Supporting 
Information) or 53 years (Figures S5 and S6, Tables S6 and S7 in 
the Supporting Information).

3.2.2   |   Child High-Decreasing BMI Trajectory

The Child High-decreasing trajectory was not associated with 
any spirometry measures (Figures  2–4, Tables  S1–S3 in the 
Supporting Information), spirometry phenotypes or COPD 
at 45 (Figures  S3 and S4, Tables  S4 and S5 in the Supporting 
Information) or 53 years (Figures S5 and S6, Tables S6 and S7 in 
the Supporting Information).

3.2.3   |   Child Average-Increasing BMI Trajectory

The child average-increasing BMI trajectory was not associ-
ated with spirometry measures at 45 years (Figure 2, Table S1 
in the Supporting Information). However, at 53 years, it was as-
sociated with lower FVC and higher FEV1/FVC ratio (Figure 3, 
Table S2 in the Supporting Information). It was also associated 
with a significant decline in FVC from 45 to 53 years (Figure 4, 

Summary

•	 Persistently high and child average increasing BMI 
trajectories from early childhood to mid-adulthood, 
were at higher risk of lung function decline and spiro-
metric restriction in mid-adulthood, while being in 
the persistently low BMI trajectory was associated 
with spirometric obstruction.
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Table  S3 in the Supporting Information). This BMI trajectory 
was not associated with spirometry phenotypes or COPD at ei-
ther 45 (Figures S3 and S4, Tables S4 and S5 in the Supporting 
Information) or 53 years (Figures S5 and S6, Tables S6 and S7 in 
the Supporting Information).

3.2.4   |   High BMI Trajectory

We did not see any evidence of an association between the 
High BMI trajectory and spirometry measures at age 45 or 53, 
nor change in spirometry from 45 to 53 years (Figures  2–4, 
Tables S1–S3 in the Supporting Information); however, a trend 
can be observed for both lower FEV1 and FVC.

This BMI trajectory did not show any association with spi-
rometry phenotypes or COPD at 45 years (Figures  S3 and S4, 
Tables  S4 and S5 in the Supporting Information). However, 
at age 53 years, there was a significant association with a spi-
rometric restriction phenotype (Figure S5 and Table S6 in the 
Supporting Information) but not with COPD (Figure  S6 and 
Table S7 in the Supporting Information).

3.2.5   |   Interactions

We did not see any interactions with sex, smoking, BMI or child-
hood lung function (Table  S8 in the Supporting Information). 
However, we observed interactions between BMI trajecto-
ries and childhood asthma (p-interaction: FEV1 = 0.04 and 
FVC = 0.07) on spirometry at 53 years. The association between 
the low BMI trajectory and lower FEV1 and lower FVC was 
more pronounced in those with childhood asthma (Table S9 in 
the Supporting Information).

3.2.6   |   Complex Lung Function Outcome

For the additional analysis with static lung volumes, we ob-
served a link between the child average-increasing and high 

BMI trajectories with decreased static lung volumes (TLC, FRC 
and ERV) and increased TLco at 45 and 53 years. We also ob-
served an increased ERV and a slightly decreased TLco with the 
low BMI trajectory (Figures 5 and 6, Tables S10 and S11 in the 
Supporting Information).

An overall summary of these findings can be found in Table 2.

4   |   Discussion

Using distinct BMI trajectories from 5 to 43 years of age in a 
well-characterised respiratory cohort, we observed that com-
pared to the average trajectory, individuals belonging to the 
child average-increasing trajectory had a more rapid decline 
in FVC from 45 to 53 years and lower FVC, and higher FEV1/
FVC at 53 years, suggesting an overall spirometric restrictive 
pattern. Participants belonging to the High trajectory also had 
an increased risk of spirometric restriction at the age of 53 years. 
Additionally, these trajectories were associated with reduced 
static lung volumes and increased TLco, confirming that they 
were associated with extra-pulmonary restrictive deficits. 
Interestingly, belonging to the low trajectory was associated 
with lower FEV1, FVC and FEV1/FVC ratio at 45 years and 
lower FEV1 and FVC at 53 years, with a more substantial effect 
on FEV1, thus showing a dominant obstructive lung function 
pattern. Although the (relatively) Low BMI trajectory remained 
in the technically normal BMI range (BMI Z score between −1 
and 0 SD), its lung function pattern in fact resembled the ob-
structive picture commonly seen with extremely underweight 
individuals [7]. No associations were observed between BMI tra-
jectories and spirometrically defined COPD in middle age, but 
this may be due to limited power.

Due to a lack of suitable long-term prospective studies, the re-
lationship between lifetime BMI patterns and adult lung func-
tion has received little attention in research. Nonetheless, some 
evidence suggests that persistently High BMI groups during 
early childhood were associated with low FEV1/FVC ratio in 
children and adolescents [23, 24]. We have previously found 

FIGURE 1    |    (a, b) Body mass index (Z-score and mean BMI) trajectory classes across ages from 5 to 43 years.

(A) (B)
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infants belonging to persistently High BMI trajectories from 
0 to 2 years showed lower FEV1/FVC ratio and FEV1. In con-
trast, the low BMI trajectory was associated with a low FEV1 
and FVC [25]. A recent ECRHS study revealed that rapid weight 
gain among normal-weight individuals over time was tied to a 
sharp decline in lung function [26]. Peralta et al. estimated the 
change in BMI from 20 to 40 years, reporting that baseline nor-
mal weight individuals with significant weight gain (≥ 1 kg per 
year) during follow-up had lower FVC during the same period 
compared to average weight gain, despite having similar FVC 
levels at baseline. Similarly, in a Swedish population, increased 
BMI during adult life was reported to be associated with faster 
FVC decline [27]. However, these studies did not consider BMI 
changes from early life to middle age, a critical aspect of our in-
vestigation. These previous studies observed parallel weight and 
lung function changes over time; in contrast, we investigated the 
lung function change later to avoid reverse causation. Also, our 
study indicated that the intensity and duration of high BMI, that 
is, in the persistently high trajectory showed greater restriction 
compared to the child average increasing trajectory, which was 
novel, not having been shown in previous studies using a BMI 
at a single time point [7–9]. Our study offered evidence that both 

high and low BMI trajectories from early to adult life could im-
pact subsequent lung function patterns differently, especially in 
terms of restrictive vs. obstructive physiological patterns. This 
has been demonstrated in previous studies, but our findings 
highlight the importance of considering long-term BMI trajec-
tories rather than single-point measures.

The participants belonging to the child average-increasing BMI 
trajectory showed an increase in BMI during adult life, asso-
ciated with an accelerated decline in FVC from 45 to 53 years, 
with a spirometric restrictive pattern evident by 53 years com-
pared to the Average trajectory. This group displayed nearly 
twice the rate of FVC decline over the latter 8 years compared to 
the Average BMI trajectory. This aligns with a recent American 
study that reported that more rapid increases in BMI were asso-
ciated with greater rates of decline in both FEV1 and FVC [28]. 
The High BMI trajectory manifested extra-pulmonary lung re-
striction at 53 years, supporting the evidence that persistent high 
BMI contributes to spirometric restriction [29]. Interestingly, the 
child average-increasing and high BMI trajectories exhibited re-
duced lung volumes (ERV, FRC and TLC) and increased TLco, 
aligning with findings with spirometric lung function outcomes 

TABLE 1    |    Early life characteristics of the BMI trajectory groups.

Characteristics
Average 

(N = 2109)
Low 

(N = 1120)

Child high-
decreasing 

(N = 592)

Child average-
increasing 

(N = 245)
High 

(N = 128)

Early life characteristics

Sex—male—% (n) 52.8 (1114) 50.0 (560) 52.7 (312) 42.9 (105) 50.0 (64)

%Predicted FEV1 at 7 years M (SD) 99.3 (12.4) 97.2 (11.7) 101.1 (13.7) 99.1 (12.7) 102.1 (12.1)

%Predicted FVC at 7 years M (SD) 97.6 (11.9) 94.8 (11.6) 100.0 (12.3) 97.4 (12.5) 100.6 (11.6)

Height (m) at 7 years M (SD) 1.20 (0.05) 1.19 (0.05) 1.22 (0.05) 1.20 (0.05) 1.22 (0.05)

Pre-term—% (n) 11.4 (119) 15.9 (94) 15.3 (42) 5.8 (7) 9.1 (6)

Low birthweight—% (n) 5.6 (66) 8.6 (58) 2.2 (7) 9.8 (14) 2.7 (2)

Small for gestation—% (n)a 20.5 (189) 27.8 (147) 12.2 (29) 24.5 (27) 24.1 (14)

Childhood asthma—% (n) 17.5 (364) 15.5 (171) 18.8 (111) 19.9 (46) 14.8 (19)

Childhood bronchitis—% (n) 50.9 (1060) 47.5 (524) 46.1 (271) 53.1 (129) 52.3 (67)

Social class—% (n)

Managers/professional 22.1 (447) 21.5 (230) 25.9 (147) 16.4 (38) 16.8 (20)

Tradespersons/Adv-clerical 6.8 (138) 6.6 (71) 5.8 (33) 6.1 (14) 6.7 (8)

Inter-med-clerical/production 30.5 (617) 30.5 (327) 26.9 (152) 30.2 (70) 26.1 (31)

Elementary clerical 28.7 (579) 27.8 (297) 27.2 (154) 29.7 (69) 29.4 (35)

Labourers/rel-workers 11.8 (239) 13.5 (144) 14.1 (80) 17.6 (41) 21.0 (25)

Mother's smoking—% (n) 33.9 (680) 31.1 (332) 34.0 (193) 35.8 (83) 48.4 (60)

Father's smoking—% (n) 56.4 (1109) 59.5 (622) 59.8 (331) 62.2 (140) 62.8 (76)

Mother's asthma—% (n) 10.9 (219) 9.9 (106) 11.1 (63) 15.9 (37) 12.9 (16)

Father's asthma—% (n) 11.3 (222) 9.5 (99) 10.8 (60) 10.8 (24) 9.8 (12)

Note: Out of the total sample (n = 4194). For continuous variables, we used ANOVA, and for categorical variables, the χ2 test. Some data presented here are republished 
from Ali et al. ERJ 2022 [16] with permission.
aGestational age was known for 2100 participants, birthweight for 2391 participants, and small for gestational age for 1855 participants (406 were small for gestational 
age).
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for these trajectories. Interestingly, the child average-increasing 
trajectory presented a restrictive pattern across various lung 
function measures. This trajectory increases to mean BMI of 
35 kg/m2 after 30 years of age. This relatively sharp increase 
would be likely due to a combination of lifestyle/environmental 

and genetic factors. In contrast, the high trajectory displayed 
significant associations solely with spirometric restriction. This 
distinction may be attributed to distinct pathophysiological 
mechanisms among those who consistently accumulate adipos-
ity over time.

FIGURE 2    |    Association of BMI trajectories with the lung function parameters at 45 years. Finding: Compared to the average trajectory, low BMI 
trajectory was associated with low FEV, FVC, and ratio. Adjusted: Sex, type of feeding in the first 3 months, no of siblings, chest illness, tonsillec-
tomy, pneumonia, childhood food allergy, bronchitis, social class during childhood, mother's employment, mother's age, mother's asthma, mother's 
smoking, father's asthma, father's smoking, adulthood education, adulthood food allergy, height at 45 years, and age at 45 years.
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FIGURE 3    |    Association of BMI trajectories with the lung function parameters at 53 years. Finding: Compared to the average trajectory, low BMI 
trajectory was associated with low FEV1 and FVC, while child average-increasing BMI trajectory was associated with low FVC. Adjusted: sex, type 
of feeding in the first 3 months, no of siblings, chest illness, tonsillectomy, pneumonia, childhood food allergy, bronchitis, social class during child-
hood, mother's employment, mother's age, mother's asthma, mother's smoking, father's asthma, father's smoking, adulthood education, adulthood 
food allergy, height at 53, and age at 53 years.
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Mechanistically, the encasement of the thorax by excess fat or 
abdominal adiposity leading to diaphragmatic elevation results 
in the demonstrated spirometric restriction. It is also likely to 
result in elevated free fatty acids and systemic inflammation 
[30]. Numerous studies have indicated that systemic inflam-
mation resulting from high levels of free fatty acids may lead to 
lung alveolar endothelial cell dysfunction [30, 31]. Endothelial 
dysfunction induced by systemic inflammation may lead to pul-
monary vascular damage and lung tissue injury. However, the 
high lung transfer factor does not support such effects, which 
suggests the restriction is due to the mechanical impacts of 
extra-pulmonary restriction. Our findings are consistent with 
other studies advocating rapid weight gain or persistently being 
overweight over time associated with poor lung function in mid-
adulthood. Given these findings, we suggest that the community 
should be encouraged to avoid excess weight gain throughout 
life, and from our data from early life to middle age, to promote 
lung health.

Conversely, the low BMI trajectory exhibited obstructive lung 
function at 45 and 53 years, consistent with findings from some 
other studies [32]. The Low trajectory group had an obstructive 
pattern at both time points and lower lung function at age 7, 
suggesting lung function impairment that commenced in early 
life. Although the BMI Z-scores for this group were in the sta-
tistically normal Z-score range, their lung function remained 
suboptimal and obstructed compared to the Average trajec-
tory group. Poor lung function in this trajectory could be due 
to compromised lung/airway development during childhood or 
early life due to lifestyle/environmental insults and/or genetic 
predisposition insults. In addition, SGA and pre-term birth 

were more prevalent in this trajectory compared to other tra-
jectories, suggesting perhaps some element of broncho dyspla-
sia, although the association was not significant. Individuals 
with a long-term low BMI may have been more liable to child-
hood infections, which might also affect adult airways rather 
than whole lung development [33]. A weaker diaphragm and 
intercostal and abdominal muscle weakness could reduce re-
spiratory muscle strength during early life [7, 34]. Notably, the 
adverse impact of belonging to the low trajectory was more pro-
nounced in individuals with a history of childhood asthma, and 
perhaps this has given a legacy of airway dysfunction. Notably, 
lung volumes, particularly ERV, typically reduced in obesity, 
demonstrated an opposing trend within the low BMI trajectory 
group. Individuals in this group exhibited increased lung vol-
umes (ERV and FRC), with a slight tendency toward a modest 
reduction in TLco at ages 45 and 53. This observation suggests 
the possibility of limited emphysema and airway damage in low 
trajectory, although statistical significance with TLco was not 
attained [35].

Our study has several strengths. First, we investigated these as-
sociations among a population-representative sample with a rel-
atively large cohort size, with good follow-up extended over six 
decades. Thus, we have multiple anthropometric measurements 
from childhood to middle age, which provided an opportunity 
to investigate long-term patterns of change in BMI from early 
childhood to middle age, thereby enabling a robust classification 
of BMI trajectories over this long period. Second, body weight 
and height were measured repeatedly from 5 to 20 years, captur-
ing the BMI trajectory transition during the early rapid growth 
period. Third, BMI trajectories were fitted from childhood to 

FIGURE 4    |    Association of BMI trajectories with the lung function decline from 45 to 53 years. Finding: Compared to the average trajectory, child 
average-increasing BMI trajectory was associated with greater FVC decline. Adjusted: Sex, type of feeding in the first 3 months, no of siblings, chest 
illness, tonsillectomy, pneumonia, childhood food allergy, bronchitis, social class during childhood, mother's employment, mother's age, mother's 
asthma, mother's smoking, father's asthma, father's smoking, adulthood education, adulthood food allergy, current employment, baseline lung func-
tion, change in height 45–53 and change in age 45–53.
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FIGURE 5    |    Association of BMI trajectories (5–43 years) with the TLco and Static Lung Volumes at 45 years. Finding: Compared to the average 
trajectory, high and child average-increasing BMI trajectories were associated with low FRC and ERV and high TLco. Adjusted: sex, type of feeding 
in the first 3 months, chest illness, tonsillectomy, pneumonia, childhood food allergy, bronchitis, social class during childhood, mother's employ-
ment, mother's age, mother's asthma, mother's smoking, father's asthma, father's smoking, adulthood education, adulthood food allergy height at 
45 years and age at 45 year.

FIGURE 6    |    Association of BMI trajectories (5–43 years) with the TLco and IRV at 53 year. Finding: Compared to the average trajectory, high 
BMI trajectory was associated with high TLco. Adjusted: Sex, type of feeding in the first 3 months, chest illness, tonsillectomy, pneumonia, child-
hood food allergy, bronchitis, social class during childhood, mother's employment, mother's age, mother's asthma, mother's smoking, father's asth-
ma, father's smoking, adulthood education, adulthood food allergy, height at 53 years and age at 53 years.
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43 years of age, but outcomes were evaluated at both 45 and with 
change to 53 years to avoid reverse causation. Fourth, we used 
multiple outcome variables of lung function to confirm the as-
sociations. Finally, using objective GBTM was a strength, as it 
enabled us to identify patterns of BMI growth from early life to 
middle age.

However, this study also has several limitations. Weight and 
height were measured at ages 5, 7, 10, 13, 15 and 20, but self-
reported at 30 and 43 years. However, studies suggest that 
the discrepancy between actual and self-reported weight has 
declined since the late 1980s [36]. To address this potential 

methodological issue of using different data sources, we as-
sessed the correlation between self-reported data at 43 years and 
the measured data at 45 years in another phase in a nested 
group (n—1360) was very strong (r = 0.88, p ≤ 0.001). Therefore, 
we believe that using two data sources at both time points did 
not influence our findings. While there was potential bias due 
to attrition, neither exposure nor lung function indices at earlier 
times were associated with attrition in our study (Table S12 and 
S13). In addition, the baseline characteristics of the participants 
were similar to those included in computed BMI trajectories 
and the remainder of the entire cohort. Therefore, it was un-
likely that attrition bias substantively influenced these findings, 

TABLE 2    |    Summary of the findings of the associations of BMI trajectories with lung function at 45 years, 53 years and the change from 45 to 
53 years.

BMI trajectories Average Low Child high-decreasing Child average-increasing High

Lung function indicators at 
45 years

FEV1 — ↓

FVC — ↓

FEV1/FVC — ↓

Obstruction only — ~↑

Spirometric restriction only —

COPD —

TLC — ~↓

FRC — ↓ ↓

RV —

ERV ↑ ↓ ↓

TLco — ~↓ ~↑ ↑ ↑

Lung function indicators at 
53 years

FEV1 — ↓ ~↓

FVC — ↓ ↓

FEV1/FVC — ~↑ ↑

Obstruction only —

Spirometric restriction only — ↑

COPD —

IRV —

TLCO — ↑ ~↑ ↑

Lung function declines from 45 to 
53 years

FEV1 —

FVC — ↓

FEV1/FVC —

Note: ↓&↑: The direction of the significant associations (lower or higher than average trajectory with a p-value: < 0.05). ~: Moderately significant (p-value: 0.05 < 0.1). ↓: 
For lung function decline, this sign indicates greater decline.
Abbreviations: COPD, chronic obstructive pulmonary disease; TLC, total lung capacity; FRC, functional residual capacity; ERV, expiratory reserve volume; TLco, 
transfer factor for carbon monoxide.
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hence they are generalizable to the population of Tasmania, 
Australia.

Another limitation of this study was that information on some of 
the important confounders, including maternal obesity, diet and 
physical activity, was not available. This may have led to some 
residual confounding in the observed associations. Additional 
adjustment for SGA in a small subset did not alter the pattern 
of the associations, and the magnitude of the effects was the 
same with or without adjustment. Hence, we assume SGA was 
not acting as a confounder in the subset where it was available. 
Additionally, no information on medication use was available 
for our study, which could confound the associations between 
BMI and lung function deficits. Future studies should consider 
medication data as part of the analysis to provide a more com-
prehensive understanding of potential confounders, as there 
is some evidence that inhaled steroids are associated with in-
creased BMI [37].

A key limitation of this study was the use of BMI, which, although 
widely used, is an imperfect surrogate for adiposity. It does not 
capture fat distribution or muscle mass, which could influence 
lung function outcomes. Future studies should incorporate more 
precise body composition measurements, such as dual-energy x-
ray absorptiometry (DEXA) or bioelectrical impedance analysis 
(BIA), to better understand how different body compartments 
influence lung function trajectories. Furthermore, the lack of 
association of these trajectories with COPD may be due to the 
limited number of COPD cases, as the numbers with such ad-
vanced airway obstruction in each trajectory were not high, with 
the disease not fully expressed at 45 or 53 years of age. Defined 
COPD using only spirometry is another limitation of this study, 
as we do not have CT imaging yet in the whole cohort.

In conclusion, extreme BMI trajectories over time are associated 
with lung function abnormalities in middle age. Those with an 
early average but increasing BMI over time were at a notably 
higher risk of accelerated FVC decline from middle age and spi-
rometric restriction in later life. Those in the lifetime high BMI 
group were also at higher risk of spirometric restriction. In con-
trast, those in the persistently low BMI group were at higher risk 
of obstructive lung function patterns in middle age, likely due to 
persistent airway damage with the possibility of early emphysema.

Our findings have both clinical and public health implications. 
Visual presentation of BMI trajectories could educate people 
about the risks of being in the High BMI trajectory groups. It 
would be helpful to develop weight management programs for 
young adults to encourage behaviour change (diet and physical 
activity), focusing on strategic times and the intensity of BMI. 
The evidence from this study could help develop targeted pre-
ventive strategies for poor lung function in later life. Having an 
anthropometric growth record for the lifetime of individuals 
could be beneficial in assessing the population at risk and identi-
fying the best time to intervene by modifying behaviours to lose 
weight. Given that the mechanisms to explain the link between 
BMI and lung function impairment remain uncertain, this study 
also provides an impetus for further investigation, focusing on 
possible underlying mechanisms that might help identify ther-
apeutic targets.
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