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What is already known about this topic? 59 

• Obesity is a risk factor for exacerbations of asthma 60 

What does this article add to our knowledge? 61 

• Maternal overweight/obesity and systemic macrophage activation increase 62 

exacerbation risk for asthma during pregnancy  63 

How does this study impact current management guidelines? 64 

• This study highlights the potential importance of pre-pregnancy weight 65 

reduction for improving asthma outcomes, as well as perinatal outcomes, 66 

during pregnancy.  67 

 68 

  69 
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Abstract 70 

Background: Obesity is a risk factor for exacerbations of asthma, but the 71 

mechanisms of this effect in pregnancy are unknown.  72 

Objective: This study determined the influence of maternal body mass index (BMI), 73 

gestational weight gain, eosinophilic inflammation and systemic macrophage 74 

activation on the risk of exacerbations during pregnancy. 75 

 Methods:Women with asthma (n=164) participated in the study. BMI recorded at 76 

baseline (17 weeks gestation) was categorised as healthy weight (18.5-24.9 kg/m2), 77 

overweight (25-29.9 kg/m2) or obese (>30 kg/m2). Exacerbations requiring medical 78 

intervention were recorded prospectively. Asthma control, medication use and 79 

fractional exhaled nitric oxide (FENO) were assessed monthly; additional visits 80 

occurred during exacerbations. Peripheral blood was collected at baseline for the 81 

measurement of eosinophils, soluble CD-163, C-reactive protein (CRP) and 82 

interleukin (IL)-6.  83 

Results: 84 

Exacerbations occurred in a higher proportion of overweight (51.1%) and obese 85 

(48.4%) women compared to healthy weight women (25%, P=0.026). Excess weight 86 

gain during pregnancy was not associated with exacerbation risk. Macrophage 87 

activation (elevated serum sCD-163) was associated with exacerbations requiring 88 

oral corticosteroids (OCS, P=0.043), while high peripheral blood eosinophils or 89 

FENO were not associated with exacerbation or OCS use.  90 

Conclusions: 91 

Being overweight or obese confers a greater risk of asthma exacerbation during 92 

pregnancy, and may be due to systemic macrophage activation.   93 

 94 

 95 

  96 
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Introduction 97 

Asthma affects 8-12% of pregnant women worldwide [1,2], and up to 45% of these 98 

women have exacerbations requiring medical intervention during pregnancy [3]. 99 

Asthma contributes to an increased risk of poor perinatal outcomes including preterm 100 

birth [4], and neonatal hospitalisations [5], with some outcomes, such as low birth 101 

weight, linked to exacerbations [6]. Obesity is now known to adversely impact 102 

asthma [7]. In pregnancy, obesity can occur as a pre-existing condition (elevated 103 

BMI) or due to excessive gestational weight gain (GWG).  104 

 105 

The prevalence of overweight and obesity among pregnant women has greatly 106 

increased in recent years [8]. Only one previous study has examined the relationship 107 

between maternal obesity and asthma exacerbations in pregnancy [9]. Hendler et al 108 

studied a cohort of American women with asthma from 1994 to 1999 and found that 109 

obese women with a pre-pregnancy BMI ≥30 kg/m2 were 30% more likely to have an 110 

exacerbation requiring medical intervention during pregnancy than women who were 111 

non-obese (adjusted odds ratio [OR] 1.3, 95% confidence interval 1.1, 1.7) [9]. 112 

However, the mechanisms involved in this association have not been explored.   113 

 114 

Inflammation has been proposed as a key mediator of adverse pregnancy outcomes 115 

associated with obesity [10]. Inflammation in asthma is often associated with 116 

allergen-driven eosinophilic airway inflammation. However, obesity itself is a pro-117 

inflammatory state where macrophages in adipose tissue are increased and exhibit 118 

an activated pro-inflammatory (M1) phenotype which results in secretion of cytokines 119 

such as interleukin (IL)-6 and tumour necrosis factor (TNF)-α [10]. IL-6 leads to 120 

increased liver production of C-reactive protein (CRP), which is a typical feature of 121 

systemic inflammation in obesity. Toll-like receptor activation by fatty acids induces 122 

cleavage of the macrophage surface marker CD-163, which results in increased 123 

circulating soluble CD-163 (sCD-163), a marker of macrophage activation [11]. In 124 

addition, macrophages have an important role in the placenta, with significantly more  125 

placental macrophages in obese compared to non-obese women, accompanied by 126 

increased expression of pro-inflammatory cytokines including IL-6, and higher gene 127 

expression of macrophage markers including CD-68 [12].  128 

 129 
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This study tested the hypothesis that the risk of asthma exacerbation would be 130 

greater among overweight or obese pregnant women compared to healthy weight 131 

women, and that exacerbations would be driven by systemic inflammation rather 132 

than eosinophilic airway inflammation.  133 

 134 

 135 

 136 

 137 

Materials and Methods 138 

This is a secondary analysis of pregnant women with physician-diagnosed asthma, 139 

recruited from the John Hunter Hospital antenatal clinics, between April 2007 and 140 

November 2009, to a prospective study of exacerbations of asthma during 141 

pregnancy [13]. Concurrently, some women also participated in a randomised 142 

controlled trial (RCT, the Managing Asthma in Pregnancy Study, Australian and New 143 

Zealand Clinical Trials Registry: 12607000561482) in which women in the control 144 

group had their asthma treatment adjusted monthly according to symptoms and lung 145 

function, while women in the intervention group had their asthma treatment adjusted 146 

monthly according to fractional exhaled nitric oxide (FENO) as well as symptoms and 147 

lung function [14]. Inclusion and exclusion criteria were given in detail in previous 148 

publications [13,14]; women with pre-existing diabetes or hypertension were not 149 

excluded. Ethics approval was provided by the Hunter New England Area Health 150 

Service and the University of Newcastle Research Ethics Committees and women 151 

provided written informed consent for participation.  152 

 153 

Data were included from all women who had height and weight measurements made 154 

at the baseline study visit, with a BMI ≥ 18.5 kg/m2. Women with an early pregnancy 155 

BMI from 18.5 to 24.9 kg/m2 were considered healthy weight, those with a BMI 25 to 156 

29.9 kg/m2 were considered overweight, and those with a BMI ≥30 kg/m2 were 157 

considered obese, according to the Institute of Medicine (IOM) guidelines [15].  158 

 159 

GWG was calculated as the average weight gain (kg/week) over the second and 160 

third trimester (from study recruitment to the final visit) and compared to IOM 161 

guidelines for rate of weight gain in pregnancy. These guidelines recommend that 162 
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women with a BMI in the healthy weight range gain 0.45 kg body weight / week in 163 

the second and third trimester (total weight gain 11.3 – 15.9 kg), while those who are 164 

overweight and obese have a recommended weight gain of 0.27 kg / week (total 165 

weight gain 6.8 – 11.3 kg) and 0.23 kg / week (total weight gain 5.0 – 9.7 kg), 166 

respectively [15].  167 

 168 

This study involved monthly clinical visits, phone calls between visits (every 14 169 

days), and additional visits during asthma exacerbations. Exacerbations requiring 170 

medical intervention were recorded prospectively and defined as hospitalisation, 171 

emergency department (ED) presentation, unscheduled doctor visit, and/ or a 172 

prescribed course of oral corticosteroids (OCS). Exacerbations which occurred at 173 

least 14 days apart were considered separate events. Each month, and during 174 

asthma exacerbations, asthma control was assessed using the validated Asthma 175 

Control Questionnaire (ACQ-7) [16]; lung function was measured by spirometry 176 

(EasyOne Spirometer, NicheMedical, North Sydney, Australia); and inhaled 177 

corticosteroid (ICS) use was assessed by direct questioning of prescribed dose and 178 

adherence. Smoking was assessed by self-report, and confirmed by urinary cotinine 179 

at visit 1 or 2 (≥ level 5 or 2840 nmol/L, Nicalert, NYMOX, St-Laurent, QC, Canada), 180 

and exhaled carbon monoxide (ECO) measurements (≥ 10ppm, piCO Smokerlyzer 181 

Breath CO Monitor, Bedfont, UK) at monthly visits. Perinatal outcomes were 182 

extracted from medical records after delivery.  183 

 184 

The inflammatory profile was assessed using FENO; assessed using the Ecomedics 185 

chemiluminescence analyser (Ecomedics, Duernten, Switzerland), at a controlled 186 

flow rate of 50 ml/s, and serum measurements. Blood samples were collected via 187 

venepuncture at baseline (early second trimester) and tested for soluble CD163 188 

(sCD-163, Trillium Diagnostics, IQ Products, The Netherlands), IL-6 (high sensitivity 189 

ELISA, R&D Systems, Minneapolis, USA) and CRP (high sensitivity ELISA, MP 190 

Biomedicals, Solon, Ohio) using ELISA. Peripheral blood eosinophil counts were 191 

measured by Hunter Area Pathology Service (Newcastle, NSW, Australia) using an 192 

automated analyser (Beckman Coulter LH780, Miami FL, USA). The baseline 193 

sample was used to assess atopy as previously described [14]. Subjects were 194 

considered atopic if the specific serum IgE to aeroallergen was ≥0·35 kUA/L.  195 

 196 
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Statistical analysis was performed using Stata 11 (StataCorp, College Station, TX) 197 

and GraphPad Prism 6 (GraphPad Software, Inc, La Jolla, CA). Results are 198 

presented as mean ± standard deviation (SD) or median (interquartile range, IQR) 199 

with Student’s t-test or Mann Whitney test, and analysis of variance (ANOVA) or 200 

Kruskal Wallis test applied as appropriate. The STATA kwallis2 test was used to test 201 

for post-hoc significance [17]. The Chi square test was used to compare proportions. 202 

Two-sided tests with P<0·05 were considered significant.  203 

 204 

Results 205 

One-hundred and sixty-eight pregnant women with asthma were recruited to the 206 

primary study. Three women were excluded from the secondary analysis because 207 

they were underweight (BMI<18.5kg/m2), and one woman was excluded due to a 208 

missing baseline weight measurement. Of the 164 women remaining, 45 were 209 

healthy weight (27.4%), 53 were overweight (32.3%) and 66 were obese (40.2%). 210 

The majority of subjects were also enrolled in the RCT of asthma management in 211 

pregnancy (n=138, 84.1%), however there was no difference in allocation to the 212 

intervention within each BMI category (P=0.965). Three women had pre-existing 213 

diabetes (1 in overweight group, 2 in obese group), while one woman had pre-214 

existing hypertension (obese group).  215 

 216 

Table 1 shows subject characteristics across BMI categories. Maternal age, 217 

gestational age at baseline, atopy, smoking status and lung function were not 218 

significantly different between groups (P>0.05), while gravidity was significantly 219 

higher in the obese group (P=0.008). The obese women used a significantly higher 220 

ICS dose at baseline compared to the healthy weight women (P=0.022). In a 221 

subgroup of women with late pregnancy weight measurements (n=115, 70%), GWG 222 

was above guideline recommendations in 70% of the healthy BMI group, 79% of the 223 

overweight group, and 71% of the obese group. Median GWG in each group was 8.0 224 

(7.2, 10.2) kg, 7.3 (5.7, 28.0) kg and 6.4 (4.1, 10.4) kg, respectively (P=0.088), over 225 

the course of the study.  226 

 227 

Data on exacerbations were available for 91% of participants (40 healthy weight, 45 228 

overweight and 64 obese). Exacerbations requiring medical intervention occurred in 229 
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a higher proportion of women in the overweight (51.1%) and obese groups (48.4%), 230 

compared to the healthy weight group (25%, Figure 1a, P=0.026, post-hoc 231 

significance for healthy weight vs overweight, P=0.014). Ten women of healthy BMI 232 

had exacerbations requiring medical intervention (12 events, consisting of one 233 

hospital admission and 11 unscheduled doctor visits, with two women prescribed 234 

OCS); 23 overweight women had exacerbations (36 events, all unscheduled doctor 235 

visits, with nine women prescribed OCS for 15 exacerbations); and 31 obese women 236 

had exacerbations (37 events, consisting of two hospital admissions, six ED 237 

presentations and 28 unscheduled doctor visits, with eight women prescribed OCS). 238 

The proportion of women requiring OCS for exacerbations in pregnancy was not 239 

significantly different between the groups (20% in healthy group, 39% in overweight 240 

group, 26% in obese group, P=0.437). 241 

 242 

 243 

Data on exacerbations and GWG were available for 70% of participants (Figure 1b). 244 

There was no significant difference in the proportion of women with exacerbations 245 

based on GWG below/within guideline recommendations (45%) versus above 246 

guideline recommendations (46%, Figure 1b, P=1.0), nor was the proportion using 247 

OCS different between groups (19.4% vs. 9.5%, P=0.198).   248 

 249 

     250 

  251 
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 252 
  253 

Biomarkers 254 

Serum sCD-163, CRP and IL-6 were significantly higher in overweight and obese 255 

subjects compared to healthy weight subjects at baseline (Table 1); the fold increase 256 

with BMI category is shown in Figure 2. Biomarkers were not significantly different 257 

between the GWG categories (data not shown). 258 

 259 

Women were characterised according to baseline serum sCD-163 levels, as being 260 

below or above the median level (1113 mg/ml). The difference in proportion of 261 

women with exacerbations (sCD-163 below median [32.8%] vs. sCD-163 above 262 

median [49.3%]) did not reach statistical significance (P=0.053, Figure 3). However, 263 

a significantly higher proportion of women with sCD-163 levels above the median 264 

experienced at least one exacerbation requiring OCS during pregnancy, compared 265 

to women with sCD-163 levels below the median (19.4% vs. 7.5%, P=0.043, Figure 266 

3).  267 

 268 

The proportion of women with exacerbations (38% vs 44%, P=0.502), or OCS use 269 

(12% vs 12%, P=0.949), did not differ between women with baseline serum CRP 270 

levels at or below, versus above, the median level (7.0 mg/L). Likewise, when using 271 

a CRP cut-point of 3.0 mg/L, exacerbations were not significantly different between 272 

women with low CRP or high CRP (26.9% vs 44.4%, P=0.103) and OCS use was 273 

not significantly different between women with low CRP or high CRP (7.7% vs 274 

13.9%, P=0.394).  275 

 276 

There were no significant differences in the proportion of women with exacerbations 277 

(39% vs 52%, P=0.188), or OCS use (14% vs 10%, P=0.563), when comparing 278 

women with baseline serum IL-6 levels at or below, versus above, the median (0.97 279 

pg/ml). 280 

 281 

Women were characterised as having peripheral blood eosinophils which were low 282 

(<0.3 x 109/L) or high (≥0.3 x 109/L)[18]. There was no significant difference in the 283 

proportion of women with exacerbations between these groups (44% vs 47.7%, 284 
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P=0.691, Figure 4), or in OCS use between these groups (10.7% vs 22.7%, 285 

P=0.069).  286 

 287 

Women were characterised as having FENO that was low (≤29 ppb) or high (>29 288 

ppb) [14]; there was no significant group difference in the proportion of women with 289 

at least one exacerbation (41.5% vs 48.6%, P=0.451, Figure 5), or in OCS use 290 

(11.3% vs 16.2%, P=0.440).  291 

 292 

Perinatal outcomes were extracted from the medical records after delivery. There 293 

were 47 infants born to the healthy weight mothers (2 sets of twins), 53 infants to the 294 

overweight mothers and 68 infants to the obese mothers (2 sets of twins). There was 295 

a significant difference between the groups in the proportion of mothers who had 296 

pregnancy-induced hypertension or gestational diabetes, which was higher in the 297 

obese group (Table 2, P<0.05). 298 

 299 

There were 32 infants born (2 sets of twins) to women with GWG below or within 300 

guideline recommendations, and 86 born (1 set of twins) to women with GWG above 301 

the guideline recommendations. Infants whose mothers had GWG greater than 302 

recommendations were significantly less likely to be low birth weight or to be 303 

admitted to neonatal intensive care (P<0.05). There were trends towards higher 304 

rates of pregnancy-induced hypertension and gestational diabetes with excess 305 

GWG, but results did not reach significance (data not shown).  306 

 307 

  308 
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Discussion 309 

Maternal overweight and obesity in early pregnancy, but not excess gestational 310 

weight gain, were associated with a greater proportion of women experiencing 311 

asthma exacerbations requiring medical intervention during pregnancy. sCD-163 312 

was a stronger biomarker for exacerbation risk than peripheral blood eosinophils, in 313 

this population with actively treated asthma, and may have potential as a clinical tool 314 

in the future. Well described risk factors for asthma exacerbation during pregnancy 315 

include respiratory viral infection [13], maternal smoking [3] and non-adherence to 316 

ICS therapy [19]. Previously, obesity, but not overweight, has been associated with 317 

asthma exacerbations [9]. Our results showed that twice as many overweight or 318 

obese women had exacerbations compared to healthy weight women, compared to 319 

a 30% increase in obese vs non-obese women reported previously [9]. With pre-320 

existing overweight and obesity, as opposed to excess gestational weight gain, there 321 

is likely to be established adipose tissue inflammation and the sCD-163 results 322 

support obesity-related macrophage activation leading to asthma exacerbation.  323 

 324 

The rate of obesity in our population (40%) was high, compared to previous 325 

publications on asthmatic populations [9], and previous Australian population studies 326 

[8]. The increased gravidity of the obese women may have contributed to the higher 327 

obesity rates and BMIs observed in our study. Women who are obese or overweight 328 

are at risk of excess gestational weight gain, and when this is not lost post-partum, 329 

weight gain compounds with increasing gravidity. A recent study from South 330 

Australia of pregnant women with asthma, reported their average BMI to be 28.1 331 

(6.8) kg/m2 [20]. Hendler et al (1994-1999) reported that 30.7% of U.S. women with 332 

asthma were obese, which was significantly higher than the rate of obesity in women 333 

without asthma (25.5%) [9]. A study of asthmatic women from Quebec (1990-2002) 334 

reported that 20% of women were overweight and 17% were obese before 335 

pregnancy, and gestational weight gain was higher than recommendations in the 336 

obese women [21]. Over 70% of all women in our study gained more weight than 337 

recommended during pregnancy, however this was not associated with asthma 338 

exacerbations, or macrophage activation or systemic inflammation. Despite the lack 339 

of effect observed for asthma outcomes, our findings indicate that interventions for 340 

women planning pregnancy and to manage GWG are needed. Indeed, the metabolic 341 
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effects were observed, with a higher proportion of overweight and obese women 342 

experiencing poor pregnancy outcomes, (hypertension and gestational diabetes), 343 

which increase the short-term and long-term risk for adverse maternal and fetal 344 

outcomes.  345 

 346 

One of the limitations of our study was that BMI was determined from measurements 347 

made early in pregnancy, rather than prior to pregnancy. However, this may be more 348 

accurate than self-reported pre-pregnancy weight, which is likely to be 349 

underestimated. In Callaway’s study, the pre-pregnancy BMI was also estimated 350 

based on a measured early pregnancy weight, and an estimate of pregnancy 351 

associated weight gain [8]. Another limitation was that multivariate analysis was not 352 

conducted due to the sample size. However, the potential demographic confounders 353 

that were captured including maternal age, smoking status, ethnicity and education 354 

level were balanced between groups (Table 1, E Table 1).  355 

 356 

One of the novel findings of the present study is that systemic macrophage activation 357 

was associated with asthma exacerbations in pregnancy. Women with “high” levels 358 

of sCD-163 (above the median) had significantly more exacerbations requiring OCS. 359 

sCD-163 was found to be correlated with the proportion of android fat (measured by 360 

dual energy X-ray absorptiometry) in obese non-pregnant women [22], and in obese 361 

girls with asthma, increasing sCD-163 was correlated with worse asthma control 362 

[22]. A study in pregnancies with gestational diabetes found elevated serum sCD-363 

163 levels in mothers, as well as increased CD-163 positive cells and increased 364 

release of CD-163 from the placenta and adipose tissue, compared to pregnancies 365 

without gestational diabetes [23]. Our results were consistent with previous studies 366 

which have found that obese pregnant women have higher serum levels of CRP [12] 367 

and IL-6 [24], than women of healthy BMI [25]. However, these biomarkers were not 368 

associated with a greater risk of exacerbation in pregnancy. In addition, our study did 369 

not show a significant association between measures of eosinophilic inflammation 370 

and exacerbation risk in pregnancy, suggesting that obesity-related markers of 371 

macrophage activation may be more important in this context.   372 

 373 

This population had regular monitoring of asthma control and active adjustment of 374 

ICS, including a concurrent study in which a subgroup had active management by 375 
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FENO, which would reduce exacerbation risk [14] and is the likely reason we failed 376 

to identify an effect of blood eosinophils. This is important since our results show that 377 

the effect of an elevated BMI on asthma exacerbations is still significant in a treated 378 

asthma population.  379 

 380 

Our data on perinatal outcomes by BMI category was consistent with previous data 381 

in non-asthmatic populations [8], and to an extent with data from asthmatic women, 382 

reported by Hendler et al [9]. Callaway et al reported that overweight and obese 383 

women were at increased risk of hypertensive disorders of pregnancy, gestational 384 

diabetes, caesarean section and premature delivery [8]. Hendler et al also found 385 

obesity to be associated with hypertensive disorders, gestational diabetes and 386 

caesarean section; however, there was no influence on preterm birth [9]. Data from 387 

Quebec demonstrated no significant difference in adverse perinatal outcomes in 388 

obese asthmatic women, including preterm delivery and small for gestational age 389 

infants [21]. Our study was not adequately powered to detect a difference in all 390 

adverse outcomes based on maternal BMI; however, we did observe a significantly 391 

higher rate of pre-eclampsia and gestational diabetes with obesity.   392 

 393 

Maternal obesity and the inflammation associated with obesity, have also been 394 

linked to alterations in immune responses, lung development and increased wheeze 395 

or asthma in the offspring [26,27]. Data from a large Dutch cohort study, 396 

demonstrated that early pregnancy maternal CRP in the highest quartile was 397 

associated with eczema at age 4 years, while high cord blood CRP was associated 398 

with an increase in wheezing [28]. A New Zealand study described a relationship 399 

between more subcutaneous fat (and greater gain in subcutaneous fat) during 400 

pregnancy and more wheeze in 18 month old offspring [29]. The Generation R study 401 

showed that amongst mothers with a history of asthma or allergy, there was an 402 

increased risk of preschool wheeze with maternal obesity [30]. These observations 403 

are important because women with asthma have an increased risk of having children 404 

with wheeze or asthma themselves [31], and obesity may increase this risk even 405 

further.  406 

 407 

In conclusion, we showed that early pregnancy overweight and obesity was 408 

associated with an increase in asthma exacerbations during pregnancy, while 409 
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excess gestational weight gain was not. Markers of macrophage activation and 410 

systemic inflammation were elevated in the obese group, suggesting systemic 411 

activation of macrophages may be a contributing mechanism to exacerbation risk in 412 

pregnancy. This study highlights the potential importance of pre-pregnancy weight 413 

reduction for improving asthma outcomes, as well as perinatal outcomes, during 414 

pregnancy.  415 

 416 
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Figure Legends 424 

Figure 1: The proportion (with 95% confidence interval) of women with exacerbations 425 

requiring medical intervention during pregnancy according to (a) body mass index 426 

(BMI) category; and (b) gestational weight gain (GWG) category. * Indicates 427 

statistical significance (Healthy vs Overweight, P=0.0137 post-hoc analysis, healthy 428 

vs obese, P=0.0173 post-hoc analysis) 429 

 430 

Figure 2: Fold increase in serum biomarkers (sCD163, CRP, IL-6) in the overweight 431 

and obese groups compared to the healthy BMI group. *indicates P<0.05 vs healthy, 432 

^ indicates P<0.05 vs overweight.   433 

 434 

Figure 3: The proportion (with 95% confidence interval) of women with exacerbations 435 

requiring medical intervention, or exacerbations requiring OCS use, according to 436 

sCD163 level (below or above median). * Indicates P<0.05 437 

 438 

Figure 4: The proportion (with 95% confidence interval) of women with exacerbations 439 

requiring medical intervention or exacerbations requiring OCS use according to 440 

peripheral blood eosinophils  441 

 442 

Figure 5: The proportion (with 95% confidence interval) of women with exacerbations 443 

requiring medical intervention or exacerbations requiring OCS use according to 444 

FENO  445 

 446 

 447 

  448 
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Table 1: Baseline subject characteristics of pregnant women with asthma  
 
 Healthy 

Weight 
n = 45 

Overweight 
n = 53 

Obese 
n = 66 

P value 

Demographics     
Age (years) 27.9 (4.9) 29.7 (6.2) 28.3 (5.4) 0.215 
Weight (kg) 60.0 (54.1, 

66.3) 
72.0 (68.0, 

78.0) # 
92.2 (85.0, 
104.8) #^ 

<0.0001 

BMI (kg/m2) 22.3 (21.1, 
24.0) 

26.4 (25.6, 
28.0)# 

33.6 (31.5, 
39.7)#^ 

0.0001 

Gestational age 
(weeks) 

16.9 (15.1, 
19.1) 

17.4 (14.9, 
18.7) 

16.7 (14.9, 
18.7) 

0.813 

Parity 0 (0, 1) 1 (0, 1) 1 (0, 2) 0.076 
Gravidity 2 (1, 3) 2 (1, 3) 2.5 (2, 4) # 0.008 
Pre-bronchodilator 
lung function 

n=42 n=46 n=50  

FEV1 (% predicted) 93.3 (13.9) 
 

93.9 (15.0) 
 

95.1 (15.0) 
 

0.837 

FVC (% predicted) 105.9 (18.3) 104.3 (14.3) 102.8 (13.4) 0.641 
FEV1/FVC (%) 77.5 (9.0) 78.4 (8.3) 80.4 (6.8) 0.194 
SABA use 
(times/week) 

1.5 (0, 11) 
n=42 

1 (0, 14) 
n=51 

2 (0, 7) 
n=61 

0.892 

Maintenance ICS use 14 (31.1%) 14 (26.4%) 20 (30.3%) 0.854 
ICS used in past week 
(adjusted for non-
adherence), BDP 
equivalent (mcg/day) 

343 
(157, 554) 

571 
(400, 929) 

800 
(600, 1500) # 

0.022 

ACQ7 score 0.94 (0.73) 1.23 (1.16) 1.08 (0.88) 0.309 
Uncontrolled asthma 
(ACQ7 > 1.5), n (%) 

10 (22.2%) 20 (37.7%) 19 (28.8%) 0.240 

Atopy 34 (77.3%) 35 (71.4%) 41 (66.1%) 0.459 
Smoker 8 (17.8%) 15 (28.3%) 12 (18.2%) 0.323 
Asthma History     
Age of diagnosis 
(years) 

7.0 
(4.5, 13.5) 

6.0 
(3.0, 14.0) 

9.5 
(4.0, 15.8) 

0.280 

Hospital admissions 
past 2 years, n (%) 

0  1 (1.9%) 2 (3.0%) 0.504 

ED Visits in past 2 
years, n (%) 

3 (6.7%) 8 (15.1%) 10 (15.2%) 0.351 

OCS in past 2 years, n 
(%) 

6 (13.3%) 10 (18.9%) 10 (15.2%) 0.741 

Pregnancy in past 2 
years, n (%) 

15 (33.3%) 19 (35.8%) 30 (45.5%) 0.371 

Biomarkers     
FENO (ppb) 15.7 (6.4, 

31.0) 
16.3 (6.7, 

35.1) 
12.3 (6.6, 

22.6) 
0.544 

Peripheral blood 
eosinophils (109/L) 

0.2 (0.1, 0.3) 
n=40 

0.2 (0.1, 0.3) 
n=42 

0.2 (0.1, 0.3) 
n=58 

0.781 



Serum sCD163 
(mg/ml) 

954.8 (782.8, 
1189.3) 

1064.3 
(899.1, 
1459.9) 

1287.4 
(982.4, 

1877.6) # 

P=0.0016 

Serum CRP (mg/l) 3.7 (1.9, 5.8) 6.6 (4.2, 10.7) 

# 
12.5 (6.0, 
20.0) #^ 

P<0.0001 

Serum IL-6 (pg/ml) 0.64 (0.48, 
0.80) 
n=22 

0.95 (0.78, 
1.31) # 
n=31 

1.28 (0.95, 
1.75) # 
n=44 

P<0.0001 

Values are mean (SD) or median (interquartile range) or n (%).  

ACQ, asthma control questionnaire; BMI, body mass index; BDP, beclomethasone 

diproprionate; CRP, C-reactive protein; ED, emergency department; FENO, 

fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; FVC, 

forced vital capacity; ICS, inhaled corticosteroids; IL-6, interleukin-6; OCS, oral 

corticosteroids 
# post hoc significant vs Healthy; ^ post hoc significant vs Overweight   
 

 

 

 

  



Table 2: Perinatal outcomes according to maternal BMI 
 

 Healthy 
Weight 

Overweight Obese P Value 

Number of mothers 45 53 66  
Number of infants 47 53 68  
Gestational age at 
delivery (weeks) 

39.6 (38.3, 
40.7) 
n=45 

40.0 (39.1, 
40.3) 
n=52 

39.4 (38.4, 
40.3) 
n=66 

0.534 

Preterm Delivery 
<37 completed 
weeks, n (%) 

4/45 (8.9%) 4/52 (7.7%) 9/66 (13.6%) 0.533 

Birth weight (g) 3340 
(3010, 3719) 

n=46 

3250 
(2975, 3590) 

n=51 

3500 
(3060, 3880) 

n=65 

0.201 

Low Birth Weight 
(<2500g), n (%) 

7/46 (15.2%) 6/51 (11.8%) 4/65 (6.2%) 0.289 

High Birth Weight 
(>4000g), n (%) 

5/46 (10.9%) 8/51 (15.7%) 12/65 (18.5%) 0.551 

Birth length (cm) 50.8 
(49.4, 53.0) 

n=36 

51.0 
(49.0, 53.0) 

n=46 

51.5 
(49.5, 53.0) 

n=55 

0.754 

Birth head 
circumference (cm) 

34.5 
(33.0, 35.0) 

n=45 

34.0 
(33.3, 35.0) 

n=51 

34.7 
(33.5, 36.0) 

n=65 

0.069 

Spontaneous 
Labour, n (%) 

24/45 (53.3%) 38/52 (73.1%) 35/65 (53.8%) 0.129 

Vaginal Delivery, n 
(%) 

37/46 (80.4%) 41/52 (78.8%) 42/65 (64.6%) 0.103 

Caesarean 
Delivery, n (%) 

9/46 (19.6%) 11/52 (21.2%) 23/65 (35.4%) 0.103 

Pre-eclampsia, n 
(%) 

2/44 (4.5%) 4/52 (7.7%) 3/65 (4.6%) 0.232 

Pregnancy induced 
hypertension, n (%) 

1/44 (2.3%) 2/52 (3.8%) 9/65 (13.8%) 0.038 

Gestational 
Diabetes, n (%) 

0 3/52 (5.8%) 8/65 (12.3%)# 0.041 

Postpartum 
haemorrhage, n (%) 

3/44 (6.8%) 1/52 (1.9%) 4/65 (6.2%) 0.465 

Stillbirth, n (%) 0 0 1/66 (1.5%) 0.479 
Neonatal intensive 
care admission, n 
(%) 

10/46 (21.7%) 7/52 (13.5%) 8/66 (12.1%) 0.345 

Values are mean (SD) or median (interquartile range) or n (%).  
# post hoc significant vs Healthy 
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