Association of fracture incidence in children with the development of food allergy: A Korean nationwide birth cohort study
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To the Editor
[bookmark: _heading=h.gjdgxs]Globally, the prevalence of food allergy (FA) in children is increasing, and FA can induce fatal anaphylaxis, which affects morbidity and mortality.1,2 Children with FAs are more likely to have food neophobia, which may lead to severe vitamin D deficiency and osteoporosis. Although some studies suggested milk avoidance specifically, which leads young children to be prone to bone fracture3, no studies have investigated whether children with FAs are at increased risk of fracture, and hence there is a need to determine the direct association between FA and fracture incidence during childhood. We hypothesized that FAs are linked with an increased risk of fracture. Therefore, the relationship between FA diagnosis and fracture incidence in approximately two million children was examined in this representative large-scale nationwide birth cohort from the National Health Insurance Service in South Korea. 
1,778,588 Korean infants born between 2008 and 2015 who completed the first national health examination for infants were followed up until December 2019. The study protocol was approved by the Institutional Review Board of Sejong University (SJU-HR-E-2021-001) and Seoul National University (E-2108-134-1246). In addition, the ethics committee waived the requirement to obtain written informed consent due to the use of routinely collected health data. 
FAs were determined by using ICD-10 codes (Z91.0 and T78.0) with more than 2 claims within 1 year.4 Children who experienced food-induced anaphylaxis (T78.0) were categorized as moderate to severe FAs. Otherwise, children have mild FAs diagnosed with ICD-10 code of Z91.0: personal history of allergy.
To balance the probability of patients with and without FA, we performed an exposure-driven propensity score matching (PSM) driven by a logistic regression model with adjustment.5 A greedy nearest-neighbor algorithm was implemented to pair participants in two groups in an 1:3 ratio. Cox proportional hazards regression model with hazard ratios (HRs) and 95% confidence intervals (CIs) was applied to estimate adjusted hazard ratios (aHRs) by using SPSS (version 25.0; IBM Corp, Armonk, NY, USA), SAS (version 9.4; SAS Institute Inc., Cary, NC, USA) and R software (version 3.1.1; R Foundation, Vienna, Austria).6 A p-value of p <0.05 was considered statistically significant.
A total of 1,778,588 children (boy n=920,342 [51.8%]) were analyzed (Table S1). After a 1:3 exposure-driven PSM, there were 6,578 (15.7%) incident fractures and no major imbalances in the baseline covariates when evaluated using standardized mean differences (SMDs) between both the groups (Table S1; FA [n=10,442] vs. control [n=31,326]; all SMDs <0.001). In this matched cohort, children with FAs had an 11% greater likelihood of developing overall fracture after full adjustment for confounders (Table 1; fracture incidence rate [1,000 person-years]: 41.84 for FAs vs. 36.60 for control). The risk of fracture increased with increasing FA severity (fracture incidence rate [1,000 person-years]: 36.60 for control vs. 40.63 for mild FA vs. 48.61 for moderate to severe FA). This corresponded to 1 extra fracture per 205 FA children followed for one year. There was a 9% increase in the risk of overall fracture in children with mild FAs (aHR, 1.09; 95% CI: 1.03–1.16) and a 21% increase in those with moderate to severe FAs (aHR, 1.21; 95% CI: 1.08–1.35). We also analyzed to determine whether the age at the first FA diagnosis influenced fracture risk. The earlier the development of FA, the higher the risk of fractures (aHR for the first FA diagnosis at <2 years, 1.19 [95% CI: 1.08–1.31]; aHR for the first FA diagnosis at 2–4 years, 1.09 [95% CI: 1.01–1.19]; and aHR for the first FA diagnosis at ≥5 years, 1.14 [95% CI: 1.04–1.26]). Furthermore, we found that increasing the number of hospital visits due to FAs increases the risk of fracture (aHR for the number of hospital visits due to FAs <3 times, 1.07 [95% CI: 0.99–1.16] and aHR for the number of hospital visits due to FAs ≥3 times, 1.13 [95% CI: 1.06–1.22]).
The fracture risk following the FA diagnosis was greater at 0–1 year of age after the FA diagnosis (aHR, 1.24; 95% CI: 1.07–1.44), and this risk remained and persisted until 5 years (Figure 1). We observed a similar effect and patterns in a fracture site in Figure 1 and Table S2: head (aHR, 1.14; 95% CI: 1.01–1.30); upper limb (aHR, 1.08; 95% CI: 1.01–1.17); lower limb (aHR, 1.17; 95% CI: 1.05–1.29); spine (aHR, 0.51; 95% CI: 0.11–2.30); and others (aHR, 0.95; 95% CI: 0.54–1.65). In the stratification analyses, similar patterns of fracture risk were found according to sex, calendar year of birth, region of residence, birth season, and height. However, no breastfeeding attenuated the risk of overall fracture (aHR for breastfeeding, 1.16; 95% CI: 1.08–1.24 vs. aHR for no breastfeeding, 0.99; 95% CI: 0.89–1.10). The results from the entire cohort were consistent with our main results from the matched cohort (Data not shown; Tables S3–6 are accessible only to reviewers).
A few immunological mechanisms may explain the association of FA with fracture risk. First, the complexity between the immune-mediated pathological mechanism of FAs with osteoimmunology (i.e., Th17 polarization) has provided the cross-regulation of the immune system and bone, which comprises various cell types, signaling pathways, cytokines, and chemokines.7 Second, children with FAs (especially cow milk allergy) may not intake enough calcium or vitamin D that prevents aggravation of their condition, which may lead to malnutrition and the development of osteoporosis.8 
There are several limitations to this study. First, our study does not have information on whether children with FAs undergo disease remission or whether children with disease remission have a decreased risk of fracture during childhood. Also, we could not account for some potential confounding factors or mediators (i.e., vitamin D level, malnourishment, sleep quality, psychological status and physical activity status) because our claims-based data were not collected systematically. In spite of these limitations, this study includes the nationwide birth cohort design minimizing sampling bias, a large sample size of 1.78 million children, several strict exposure-driven PSM approaches to reduce immortal bias, and adjustments for various potential confounding factors including breastfeeding history. Furthermore, our study is the first to determine the relationship between FA and fractures to the best of our knowledge. 
In summary, FAs are a significant risk factor for fractures in children, although it should also be noted that the absolute risk of fractures in children is low. Our data suggested 1 extra fracture per 205 FA children and year. Risks increased with severity and early onset of FA and hospital visits due to FA, and were particularly high during the first year after FA diagnosis.
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Figure 1. Estimated aHRs for the likelihood of incident fracture after FA diagnosis. Blue dots indicate aHR for diagnosis time periods; red dots indicate aHR for anatomical sites; Whiskers represent 95% CIs. CI, confidence interval; FA, food allergy; aHR, adjusted hazard ratio.
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Table 1. Cox proportional hazards model to determine the relationship of food allergy with a subsequent overall bone fracture in each 1:3 propensity score-matched cohort.
	
	
	
	
	
	Hazard ratio (95% CI)

	Parameter 
	N (%)
	Fracture events
	Person-years
	Fracture incidence rate*
	Crude
	Model 1§
	Model 2‡

	Food allergy
	
	
	
	
	
	
	

	 None
	31,326(75.0%)
	4778
	130,559
	36.60
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	 Food allergy
	10,442(25.0%)
	1800
	43,026
	41.84
	1.14 (1.08 to 1.21)
	1.14 (1.08 to 1.21)
	1.11 (1.05 to 1.17)

	Severity of food allergy
	
	
	
	
	
	
	

	 None
	31,326(75.0%)
	4778
	130,559
	36.60
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	 Mild food allergy
	8605(20.6%)
	1485
	36,547
	40.63
	1.11 (1.05 to 1.18)
	1.12 (1.06 to 1.19)
	1.09 (1.03 to 1.16)

	 Moderate to severe food allergy
	1837(4.4%)
	315
	6480
	48.61
	1.30 (1.16 to 1.46)
	1.25 (1.11 to 1.40)
	1.21 (1.08 to 1.35)

	First diagnostic age of food allergy, years
	
	
	
	
	
	
	

	 Comparator**
	10,414(24.9%)
	2384
	60,320
	39.52
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	 <2 
	3951(9.5%)
	995
	22,288
	44.64
	1.22 (1.11 to 1.34)
	1.22 (1.11 to 1.34)
	1.19 (1.08 to 1.31)

	 Comparator**
	12,911(30.9%)
	1897
	53,944
	35.17
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	 2-4
	3879(9.3%)
	619
	15,673
	39.49
	1.12 (1.02 to 1.23)
	1.12 (1.02 to 1.22)
	1.09 (1.01 to 1.19)

	 Comparator**
	8001(19.2%)
	497
	16,295
	30.50
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	 ≥5
	2612(6.2%)
	186
	5065
	36.72
	1.17 (1.06 to 1.29)
	1.17 (1.06 to 1.29)
	1.14 (1.04 to 1.26)

	Number hospital visits due to food allergy
	 
	 
	 
	 
	 
	 
	

	  None
	31,326 (75.0%)
	4778
	130,559
	36.59
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	  < 3
	4,425 (10.6%)
	702
	18,729
	37.48
	1.03 (0.95 to 1.12)
	1.06 (0.98 to 1.15)
	1.07 (0.99 to 1.16)

	  ≥ 3
	6,017 (14.4%)
	1098
	24297
	45.19
	1.23 (1.15 to 1.31)
	1.20 (1.12 to 1.28)
	1.13 (1.06 to 1.22)


Abbreviation: CI, confidence interval.
*Fracture incidence rate is expressed per 1,000 person-years
§Model 1 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, and low birth weight.
‡Model 2 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, low birth weight, allergic rhinitis, asthma, diabetes mellitus, thyroid disorder, chronic inflammatory disease, chronic kidney disease, chronic neurological disorder, anemia, neuropsychiatric disorder, and long-term use of systemic corticosteroids.
**Comparators defined only 1:3 matched comparators in each patient group to reduce an immortal bias.
Numbers in bold correspond to significant differences (P <0.05).

Table S1. Demographic and clinical characteristics of participants in the Korean nationwide birth cohort
	Characteristic
	Full unmatched cohort
	1:3 propensity-score-matched cohort
	SMD

	
	
	Food allergy
	Control
	

	Total, n (%)
	1,778,588 (100)
	10,442
	31,326
	　

	Baseline characteristics

	Infant sex, n (%)
	　
	　
	　
	< 0.001

	 Female
	858,246 (48.3)
	4233 (40.5)
	12,699 (40.5)
	　

	 Male
	920,342 (51.8)
	6209 (59.5)
	18,627 (59.5)
	　

	Calendar period of birth, n (%) 
	　
	　
	　
	< 0.001

	2008-2010 
	626,542 (35.2)
	2251 (21.6)
	6753 (21.6)
	　

	2011-2012
	549,032 (30.9)
	3312 (31.7)
	9936 (31.7)
	　

	2013-2015
	603,014 (33.9)
	4879 (46.7)
	14,637 (46.7)
	　

	Birth season
	　
	　
	　
	< 0.001

	Spring (March to May)
	439,627 (24.7)
	2333 (22.3)
	6999 (22.3)
	　

	Summer (June to August)
	405,488 (22.8)
	2444 (23.4)
	7332 (23.4)
	　

	Autumn (September to November)
	467,929 (26.3)
	3105 (29.7)
	9315 (29.7)
	　

	Winter (December to February)
	465,544 (26.2)
	2560 (24.5)
	7680 (24.5)
	　

	Region of residence, n (%)
	　
	　
	　
	< 0.001

	Rural
	959,202 (53.9)
	5446 (52.2)
	16,338 (52.2)
	　

	Urban
	819,386 (46.1)
	4996 (47.9)
	14,988 (47.9)
	　

	Household income, n (%)
	
	
	
	< 0.001

	 High (70 to 100th percentile)
	766,662 (43.11)
	5517 (52.8)
	16,551 (52.8)
	　

	 Middle (30 to 69th percentile)
	724,898 (40.76)
	3585 (34.3)
	10,755 (34.3)
	　

	 Low (0 to 29th percentile)
	287,028 (16.14)
	1340 (12.8)
	4020 (12.8)
	　

	Breastfeeding, yes, n (%)
	1,072,794 (60.3)
	7432 (71.2)
	22,296 (71.2)
	< 0.001

	Preterm birth, ≤ 36 week, n (%)
	50,615 (2.9)
	308 (3.0)
	924 (3.0)
	< 0.001

	Low birth weight, ≤2499g, n (%)
	38,791 (2.2)
	204 (2.0)
	612 (2.0)
	< 0.001

	Diseases history and medication use during the observation period, n (%)

	Allergic rhinitis
	1,304,819 (73.4)
	8569 (82.1)
	22,848 (72.9)
	　

	Asthma
	532,958 (30.0)
	4124 (39.5)
	8712 (27.8)
	　

	Diabetes mellitus
	48,721 (2.7)
	390 (3.7)
	803 (2.6)
	　

	Thyroid disorder
	19,392 (1.1)
	204 (2.0)
	293 (0.9)
	　

	Chronic inflammatory disease
	18,542 (1.0)
	113 (1.1)
	261 (0.8)
	　

	Chronic kidney disease
	7153 (0.4)
	58 (0.6)
	98 (0.3)
	　

	Chronic neurologic disorder
	43,617 (2.5)
	399 (3.8)
	717 (2.3)
	　

	Anemia
	213,189 (12.0)
	2819 (27.0)
	3973 (12.7)
	　

	Neuropsychiatric disorder
	38,149 (2.14)
	307 (2.9)
	582 (1.9)
	　

	long term use of systemic corticosteroids (>90 days)
	853 (0.1)
	20 (0.2)
	12 (0.04)
	


Abbreviation: SMD, standardized mean differences.
An SMD of <0.1 indicates no major imbalance. All SMD values were <0.003 in each propensity score-matched cohort.



Table S2. Subgroup analysis to determine the relationship of food allergy with subsequent fractures at different locations
	Subgroups
	Fracture events
	Crude; Hazard ratio (95% CI)
	Model 1§ ;Hazard ratio (95% CI)
	Model 2‡ ;Hazard ratio (95% CI)

	Head fractures
	1083
	
	
	

	 Food allergy versus none
	307
	1.20 (1.05 to 1.36)
	1.20 (1.05 to 1.36)
	1.14 (1.01 to 1.30)

	 Mild food allergy versus none
	260
	1.20 (1.05 to 1.39)
	1.21 (1.05 to 1.39)
	1.15 (1.01 to 1.32)

	 Moderate to severe food allergy versus none
	47
	1.15 (0.86 to 1.55)
	1.19 (0.83 to 1.50)
	1.05 (0.78 to 1.41)

	Spine fractures
	15
	
	
	

	 Food allergy versus none
	2
	0.47 (0.11 to 2.07)
	0.47 (0.11 to 2.07)
	0.51 (0.11 to 2.30)

	 Mild food allergy versus none
	1
	0.27 (0.04 to 2.10)
	0.28 (0.04 to 2.11)
	0.30 (0.04 to 2.37)

	 Moderate to severe food allergy versus none
	1
	1.56 (0.20 to 11.97)
	1.51 (0.20 to 11.55)
	1.49 (0.19 to 11.55)

	Upper limb fractures
	3502
	
	
	

	 Food allergy versus none
	934
	1.10 (1.02 to 1.19)
	1.10 (1.02 to 1.19)
	1.08 (1.01 to 1.17)

	 Mild food allergy versus none
	770
	1.08 (1.01 to 1.17)
	1.08 (1.01 to 1.16)
	1.07 (1.00 to 1.16)

	 Moderate to severe food allergy versus none
	164
	1.26 (1.08 to 1.48)
	1.21 (1.03 to 1.42)
	1.18 (1.01 to 1.38)

	Lower limb fractures
	1911
	
	
	

	 Food allergy versus none
	539
	1.19 (1.08 to 1.32)
	1.19 (1.08 to 1.32)
	1.17 (1.05 to 1.29)

	 Mild food allergy versus none
	438
	1.14 (1.03 to 1.27)
	1.15 (1.03 to 1.28)
	1.13 (1.01 to 1.26)

	 Moderate to severe food allergy versus none
	101
	1.48 (1.21 to 1.81)
	1.41 (1.15 to 1.72)
	1.37 (1.12 to 1.68)

	Other fractures
	67
	
	
	

	 Food allergy versus none
	18
	1.11 (0.65 to 1.91)
	1.11 (0.65 to 1.91)
	0.95 (0.54 to 1.65)

	 Mild food allergy versus none
	16
	1.17 (0.66 to 2.05)
	1.18 (0.67 to 2.08)
	1.00 (0.56 to 1.78)

	 Moderate to severe food allergy versus none
	2
	0.81 (0.20 to 3.34)
	0.76 (0.18 to 3.12)
	0.67 (0.16 to 2.79)


Abbreviation: CI, confidence interval.
§Model 1 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, and low birth weight.
‡Model 2 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, low birth weight, allergic rhinitis, asthma, diabetes mellitus, thyroid disorder, chronic inflammatory disease, chronic kidney disease, chronic neurological disorder, anemia, neuropsychiatric disorder, and long-term use of systemic corticosteroids.
Numbers in bold correspond to significant differences (P <0.05)



Table S3. Stratification analysis to determine the relationship of food allergy with subsequent overall fracture and stratification by participants’ sex, calendar period of birth, region of residence, birth season, height, and breastfeeding history
	Stratification analysis
	Fracture incidence rate*
(non-exposure)
	Fracture incidence rate*
(exposure)
	Crude
Hazard ratio (95% CI)
	Model 1§
Hazard ratio (95% CI)
	Model 2‡
Hazard ratio (95% CI)

	Infant sex

	 Male
	39.92
	45.35
	1.13 (1.06 to 1.21)
	1.14 (1.061 to 1.21)
	1.10 (1.03 to 1.18)

	 Female
	31.75
	36.73
	1.16 (1.06 to 1.27)
	1.15 (1.05 to 1.26)
	1.11 (1.02 to 1.22)

	Calendar period of birth 

	2008-2010 
	51.21
	58.64
	1.14 (1.04 to 1.25)
	1.14 (1.04 to 1.25)
	1.10 (1.01 to 1.21)

	2011-2012
	35.37
	40.90
	1.15 (1.05 to 1.27)
	1.15 (1.05 to 1.27)
	1.13 (1.02 to 1.24)

	2013-2015
	28.59
	32.29
	1.13 (1.02 to 1.24)
	1.13 (1.02 to 1.24)
	1.11 (1.01 to 1.21)

	Birth season 

	Spring to summer
	35.5
	43.4
	1.22 (1.21 to 1.32)
	1.22 (1.12 to 1.32)
	1.20 (1.10 to 1.30)

	Autumn to winter
	37.4
	40.9
	1.09 (1.02 to 1.17)
	1.09 (1.02 to 1.17)
	1.08 (1.01 to 1.16)

	Height

	 Short (~33rd percentile)
	32.4
	36.1
	1.12 (1.01 to 1.25)
	1.12 (1.01 to 1.25)
	1.11 (1.01 to 1.24)

	Medium (~60th percentile)
	36.6
	41.4
	1.13 (1.03 to 1.23)
	1.13 (1.03 to 1.23)
	1.11 (1.01 to 1.21)

	Tall (~100th percentile)
	39.8
	47.7
	1.20 (1.09 to 1.31)
	1.20 (1.09 to 1.31)
	1.17 (1.06 to 1.28)

	Region of residence

	Rural
	35.97
	43.07
	1.19 (1.11 to 1.29)
	1.20 (1.11 to 1.29)
	1.17 (1.08 to 1.26)

	Urban
	37.28
	40.50
	1.09 (1.01 to 1.18)
	1.09 (1.01 to 1.18)
	1.05 (1.00 to 1.14)

	Breastfeeding

	 Yes
	35.86
	42.78
	1.19 (1.12 to 1.27)
	1.19 (1.12 to 1.27)
	1.16 (1.08 to 1.24)

	 No
	38.56
	39.37
	1.02 (0.92 to 1.14)
	1.02 (0.92 to 1.13)
	0.99 (0.89 to 1.10)


Abbreviation: CI, confidence interval.
§Model 1 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, and low birth weight.
‡Model 2 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, low birth weight, allergic rhinitis, asthma, diabetes mellitus, thyroid disorder, chronic inflammatory disease, chronic kidney disease, chronic neurological disorder, anemia, neuropsychiatric disorder, and long-term use of systemic corticosteroids.
Numbers in bold correspond to significant differences (P <0.05).


Additional materials for reviewers/editors only
Table S4. Cox proportional hazards model to determine the relationship of food allergy with subsequent overall bone fracture in full unmatched cohort (n=1,778,588)
	 
	 
	 
	 
	 
	Hazard ratio (95% CI)

	Parameter
	N (%)
	Fracture events
	Person-years
	Fracture incidence rate*
	Crude
	Model 1§
	Model 2‡

	Food allergy
	 
	 
	 
	 
	 
	 
	 

	 None
	1,768,146
	302,929
	13,306,274
	22.77
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	 Food allergy
	10,442
	1800
	72,082
	24.97
	1.17 (1.11 to 1.22)
	1.14 (1.09 to 1.19)
	1.10 (1.05 to 1.15)

	Severity of food allergy
	 
	 
	 
	 
	 
	 
	 

	 None
	1,768,146
	302,929
	13,306,274
	22.77
	1.0 (reference)
	1.0 (reference)
	1.0 (reference)

	 Mild food allergy
	8605
	1485
	58,915
	25.21
	1.18 (1.13 to 1.25)
	1.16 (1.10 to 1.22)
	1.12 (1.06 to 1.18)

	 Moderate to severe food allergy
	1837
	315
	13,167
	23.92
	1.09 (0.97 to 1.22)
	1.05 (0.94 to 1.17)
	1.01 (0.91 to 1.13)


Abbreviation: CI, confidence interval.
*Fracture incidence rate is expressed per 1,000 person-years
§Model 1 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, and low birth weight.
‡Model 2 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, low birth weight, allergic rhinitis, asthma, diabetes mellitus, thyroid disorder, chronic inflammatory disease, chronic kidney disease, chronic neurological disorder, anemia, neuropsychiatric disorder, and long-term use of systemic corticosteroids.
Numbers in bold correspond to significant differences (P <0.05).



Table S5. Subgroup analysis to determine the relationship of food allergy with subsequent fractures at different locations in the full unmatched cohort (n=1,778,588)
	Subgroups
	Fracture events
	Hazard ratio (95% CI)

	
	
	Crude
	Model 1§
	Model 2‡

	Head fractures
	47,575
	 
	 
	 

	 Food allergy versus none
	307
	1.18 (1.05 to 1.32)
	1.15 (1.03 to 1.29)
	1.13 (1.01 to 1.25)

	 Mild food allergy versus none
	260
	1.22 (1.08 to 1.38)
	1.20 (1.06 to 1.36)
	1.14 (1.01 to 1.29)

	 Moderate to severe food allergy versus none
	47
	1.00 (0.75 to 1.33)
	0.953 (0.716  1.269)
	0.91 (0.69 to 1.21)

	Spine fractures
	721
	 
	 
	 

	 Food allergy versus none
	2
	0.57 (0.14 to 2.28)
	0.57 (0.14 to 2.27)
	0.53 (0.13 to 2.11)

	 Mild food allergy versus none
	1
	0.35 (0.05 to 2.51)
	0.35 (0.50 to 2.49)
	0.33 (0.05 to 2.31)

	 Moderate to severe food allergy versus none
	1
	1.49 (0.21 to 10.60)
	1.48 (0.21 to 10.53)
	1.38 (0.19 to 9.82)

	Upper limb fractures
	162,714
	 
	 
	 

	 Food allergy versus none
	934
	1.13 (1.06 to 1.20)
	1.10 (1.03 to 1.18)
	1.08 (1.01 to 1.15)

	 Mild food allergy versus none
	770
	1.15 (1.08 to 1.23)
	1.12 (1.05 to 1.20)
	1.09 (1.02 to 1.17)

	 Moderate to severe food allergy versus none
	164
	1.06 (0.91 to 1.23)
	1.02 (0.88 to 1.19)
	1.00 (0.86 to 1.16)

	Lower limb fractures
	90,128
	 
	 
	 

	 Food allergy versus none
	539
	1.24 (1.14 to 1.35)
	1.20 (1.10 to 1.30)
	1.15 (1.05 to 1.25)

	 Mild food allergy versus none
	738
	1.25 (1.13 to 1.37)
	1.20 (1.10 to 1.322)
	1.15 (1.05 to 1.27)

	 Moderate to severe food allergy versus none
	101
	1.21 (0.99 to 1.47)
	1.17 (0.96 to 1.42)
	1.19 (0.92 to 1.36)

	Other fractures
	3594
	 
	 
	 

	 Food allergy versus none
	18
	1.08 (0.68 to 1.72)
	1.10 (0.69 to 1.75)
	1.01 (0.64 to 1.61)

	 Mild food allergy versus none
	16
	1.19 (0.73 to 1.94)
	1.22 (0.75 to 2.00)
	1.12 (0.69 to 1.83)

	 Moderate to severe food allergy versus none
	2
	0.62 (0.16 to 2.47)
	0.62 (0.16 to 2.48)
	0.57 (0.14 to 2.29)


Abbreviation: CI, confidence interval.
*Fracture incidence rate is expressed per 1,000 person-years
§Model 1 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, and low birth weight.
‡Model 2 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, low birth weight, allergic rhinitis, asthma, diabetes mellitus, thyroid disorder, chronic inflammatory disease, chronic kidney disease, chronic neurological disorder, anemia, neuropsychiatric disorder, and long-term use of systemic corticosteroids.
Numbers in bold correspond to significant differences (P <0.05).

Table S6. Stratification analysis to determine the relationship of food allergy with subsequent overall fracture and stratification by participants’ sex, calendar period of birth, region of residence, and breastfeeding history in the full unmatched cohort (n=1,778,588)
	 
	 
	 
	 
	 
	Hazard ratio (95% CI)

	Stratification analysis
	Exposure
	Outcome
	Fracture incidence rate*
(non-exposure)
	Fracture incidence rate*
(exposure)
	Crude
	Model 1§
	Model 2‡

	Infant sex

	 Male
	FA
	Fracture
	25.78
	27.10
	1.12 (1.06 to 1.19)
	1.12 (1.06 to 1.19)
	1.08 (1.02 to 1.15)

	 Female
	FA
	Fracture
	19.59
	21.90
	1.18 (1.09 to 1.27)
	1.17 (1.08 to 1.26)
	1.13 (1.04 to 1.22)

	Calendar period of birth

	2008-2010
	FA
	Fracture
	26.37
	30.77
	1.18 (1.10 to 1.28)
	1.15 (1.07 to 1.25)
	1.11 (1.02 to 1.20)

	2011-2012
	FA
	Fracture
	21.66
	24.98
	1.17 (1.08 to 1.26)
	1.13 (1.04 to 1.23)
	1.09 (1.01 to 1.18)

	2013-2015
	FA
	Fracture
	17.90
	20.62
	1.16 (1.07 to 1.26)
	1.13 (1.04 to 1.23)
	1.10 (1.01 to 1.19)

	Region of residence

	Rural
	FA
	Fracture
	22.86
	26.07
	1.22 (1.15 to 1.30)
	1.19 (1.12 to 1.27)
	1.08 (1.07 to 1.10)

	Urban
	FA
	Fracture
	22.66
	23.82
	1.11 (1.04 to 1.19)
	1.08 (1.01 to 1.16)
	1.10 (1.09 to 1.12)

	Breastfeeding

	 Yes
	FA
	Fracture
	23.14
	26.00
	1.20 (1.14 to 1.27)
	1.17 (1.11 to 1.24)
	1.13 (1.07 to 1.19)

	 No
	FA
	Fracture
	22.18
	22.46
	1.07 (0.98 to 1.17)
	1.04 (0.95 to 1.14)
	1.01 (0.92 to 1.10)


Abbreviation: FA, Food allergy, CI, confidence interval.
§Model 1 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, and low birth weight.
‡Model 2 was adjusted for infant sex, calendar period of birth (2008–2010, 2011–2012, and 2013–2015), birth season (spring, summer, autumn, and winter), region of residence (rural and urban), household income (high, middle, and low), breastfeeding, preterm birth, low birth weight, allergic rhinitis, asthma, diabetes mellitus, thyroid disorder, chronic inflammatory disease, chronic kidney disease, chronic neurological disorder, anemia, neuropsychiatric disorder, and long-term use of systemic corticosteroids.
Numbers in bold correspond to significant differences (P <0.05).


