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Maternal multimorbidity and preterm birth 
in Scotland: an observational record‑linkage 
study
Amaya Azcoaga‑Lorenzo1,2,3*  , Adeniyi Francis Fagbamigbe1,4,5  , Utkarsh  Agrawal1,6  , Mairead Black7  , 
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Abstract 

Background Multimorbidity is common in women across the life course. Preterm birth is the single biggest cause 
of neonatal mortality and morbidity. We aim to estimate the prevalence of multimorbidity in pregnant women 
and to examine the association between maternal multimorbidity and PTB.

Methods This is a retrospective cohort study using electronic health records from the Scottish Morbidity Records. All 
pregnancies among women aged 15 to 49 with a conception date between 1 January 2014 and 31 December 2018 
were included. Multimorbidity was defined as the presence of two or more pre‑existing long‑term physical or men‑
tal health conditions, and complex multimorbidity as the presence of four or more. It was calculated at the time 
of conception using a predefined list of 79 conditions published by the MuM‑PreDiCT consortium. PTB was defined 
as babies born alive between 24 and less than 37 completed weeks of gestation. We used Generalised Estimating 
Equations adjusted for maternal age, socioeconomic status, number of previous pregnancies, BMI, and smoking his‑
tory to estimate the effect of maternal pre‑existing multimorbidity. Absolut rates are reported in the results and tables, 
whilst Odds Ratios (ORs) are adjusted (aOR).

Results Thirty thousand five hundred fifty‑seven singleton births from 27,711 pregnant women were included 
in the analysis. The prevalence of pre‑existing multimorbidity and complex multimorbidity was 16.8% (95% CI: 
16.4–17.2) and 3.6% (95% CI: 3.3–3.8), respectively. The prevalence of multimorbidity in the youngest age group 
was 10.2%(95% CI: 8.8–11.6), while in those 40 to 44, it was 21.4% (95% CI: 18.4–24.4), and in the 45 to 49 age group, 
it was 20% (95% CI: 8.9–31.1). In women without multimorbidity, the prevalence of PTB was 6.7%; it was 11.6% 
in women with multimorbidity and 15.6% in women with complex multimorbidity. After adjusting for maternal 
age, socioeconomic status, number of previous pregnancies, Body Mass Index (BMI), and smoking, multimorbidity 
was associated with higher odds of PTB (aOR = 1.64, 95% CI: 1.48–1.82).

Conclusions Multimorbidity at the time of conception was present in one in six women and was associated 
with an increased risk of preterm birth. Multimorbidity presents a significant health burden to women and their 
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offspring. Routine and comprehensive evaluation of women with multimorbidity before and during pregnancy 
is urgently needed.

Keywords Multimorbidity, Pregnancy, Premature birth, Electronic health records, Generalised Estimating Equation

Background
Multimorbidity, defined as the presence of two or more 
long-term physical or mental health conditions, is com-
mon in women and strongly associated with age and 
socioeconomic deprivation in the general population [1] 
Recent studies have shown that while multimorbidity 
risk increases with age [2], this relationship is not linear 
and may vary across different age groups [3]. A previ-
ous study on data from 2018 reported that one in five 
pregnant women and birthing people were living with 
multimorbidity in the UK, highlighting the potential for 
complications in pregnancy and implications for the off-
spring [4]. However, the impact of multimorbidity on 
maternal and pregnancy outcomes is poorly understood 
as most research has focused on individual maternal dis-
eases to date. There is limited knowledge on the preva-
lence [5, 6], causes and consequences of multimorbidity 
during pregnancy on maternal and birth, and neonatal 
outcomes [7–10]. One recent paper has reported an asso-
ciation between maternal multimorbidity and preterm 
birth (PTB) and other adverse perinatal outcomes [10]

PTB is defined as babies born alive before 37 weeks of 
pregnancy [11, 12]. It is a significant concern globally, as 
it is one of the leading causes of perinatal and neonatal 
morbidity and mortality. While developed countries gen-
erally have higher survival rates for preterm babies, they 
still face an elevated risk of respiratory and gastrointes-
tinal complications, severe infections, and neurodevel-
opmental impairments [11, 13]. Prematurity remains 
the primary cause of death among children under the 
age of 5  years worldwide [14, 15]. Statistics reveal that 
the PTB rate in the UK has remained unchanged for the 
past decade. In 2012, over 52,000 babies in England and 
Wales were born prematurely, accounting for around 
7.3% of live births, while Scotland experienced its highest 
recorded rate of 6.8% for live singleton births in 2018/19 
[14]. Despite advances in understanding risk factors and 
mechanisms associated with PTB, along with the imple-
mentation of various public health and medical interven-
tions aimed at its reduction, the problem persists.

Although associations between PTB and a wide range 
of socio-demographic, medical, obstetric, fetal, and envi-
ronmental factors have been reported, approximately 
two-thirds of PTBs occur without an evident risk factor 
[16] In this context, assessing the possible association 
between birth outcomes and multimorbidity during preg-
nancy will contribute to knowledge on how the presence 

of multiple long-term conditions affects women and their 
children and potentially contribute to the development of 
specific interventions to reduce the burden of PTB.

This study aimed to estimate the prevalence of multi-
morbidity in pregnant women in Scotland between 2014 
and 2018 and examine the association between maternal 
multimorbidity and PTB. As a secondary objective, we 
explored the association of maternal multimorbidity with 
stillbirth, neonatal admission, and neonatal death.

Methods
Study design, data source, and linkage
This is a retrospective cohort study using electronic 
health records (EHRs) from two Scottish regional health 
boards: National Health Service (NHS) Tayside and NHS 
Fife, provided by The Health Informatics Centre (HIC) 
based at the University of Dundee which represents 
approximately 20% of the Scottish population [17]. The 
dataset was created using the Scottish Morbidity Records 
(SMR) [18] (Additional file  1: Data source) by linking 
Scottish Maternity Records (SMR02) to data from Hos-
pital Admissions (SMR01), Mental Health Inpatients 
(SMR04), Accident and Emergency, demography records 
and National Records of Scotland Death registration. This 
covered diagnoses and demographic data for all inpa-
tient stays and day cases in hospital for residents in the 
two regions. The dataset was also linked to the Prescrib-
ing Information System for data on all medications from 
primary care dispensed in the community. Pregnancies 
were identified from maternity records (SMR02). Deter-
ministic data linkage of different databases is carried out 
using the community health index number–a unique 
identifier for each patient– used in all healthcare contacts 
across Scotland. Access to the datasets by the authorised 
researchers was exclusively within a Safe Haven environ-
ment after deidentification of the records.

Study population
We included all singleton pregnancies among women 
aged 15 to 49 in Tayside and Fife, where the estimated 
conception date was between 1 January 2014 to 31 
December 2018, and women had been a resident in the 
area for at least one year prior to the conception date. 
Two different subsets of the study population were used 
to address the study’s objectives. To estimate the preva-
lence of multimorbidity and its associated characteris-
tics, all pregnancies in the 5 year period were included. 



Page 3 of 11Azcoaga‑Lorenzo et al. BMC Medicine          (2023) 21:352  

In cases where an individual woman had more than one 
pregnancy during the period of interest, one pregnancy 
was randomly selected and considered the index preg-
nancy for the prevalence analysis. To investigate the 
association of multimorbidity with PTB, all pregnancies 
within the 5 years were analysed, and pregnancies from 
the same women were treated as related records.

Maternal baseline information: covariates
We identified characteristics of interest at the estimated 
date of conception for each pregnancy, namely age, num-
ber of previous live births and pregnancies, smoking 
history, nutritional status according to BMI at the start 
of the pregnancy, ethnicity, and socioeconomic status 
measured by quintiles of the Scottish Index of Multiple 
Deprivation (SIMD). The SIMD is the standard meas-
ure of socio-economic deprivation at the small area level 
(data zones) used in policy and research in Scotland. It 
includes measures relating to income, employment, edu-
cation, health, access to services, crime, and housing [19].

The date of conception was based on the last men-
strual period (LMP) recorded at booking appointment 
or estimated by considering the difference between the 
recorded gestational age at delivery or booking appoint-
ment if the former was unavailable. Gestational age 
at birth was established based on the gestational age 
recorded at delivery. Women whose data did not meet 
standard quality checks were excluded (Fig. 1: Flow chart 
and Additional file 2: Cohort selection).

Multimorbidity definition: outcome and exposure
Multimorbidity was defined by the presence of two or 
more pre-existing long-term physical or mental health 
conditions. We also defined complex multimorbid-
ity as the presence of four or more of these conditions 
[20]. Multimorbidity was calculated at the estimated time 
of conception for each pregnancy using a predefined 
list of 79 conditions published by the MuM-PreDiCT 
consortium [4]. The list of conditions was selected by a 
multidisciplinary group and patient representatives for 
pregnant women. Identification of these 79 long-term 

Fig. 1 Flow chart for selection of study population
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health conditions was determined using a combination 
of codes from the International Classification of Disease 
10th version (ICD-10) and defined prescribing indicators 
from the Community Prescribing Information System. 
The definition has demonstrated reproducibility across 
different data sets. The exact multimorbidity definition 
was used for evaluating the prevalence of multimorbid-
ity and as an exposure variable for the models examining 
PTB and other outcomes. A complete list of the health 
conditions and codes is provided in Additional file  3: 
Phenome definition.

Outcomes
Preterm birth was defined as babies born alive between 
24 and 37 completed weeks of pregnancy. According to 
the World Health Organisation [15] definitions, we estab-
lished sub-categories of preterm birth, based on gesta-
tional age at birth as follows: extremely preterm (less 
than 28 weeks), very preterm (28 to less than 32 weeks) 
and moderate to late preterm (32 to less than 37) weeks. 
We established the lower limit at 24  weeks in line with 
current clinical practice and to be consistent with the 
definitions used in our databases [21, 22]. The number of 
births between 22 and < 24 weeks recorded as live births 
has been reported.

Neonatal death was defined as a livebirth dying, and 
neonatal admissions as any admission of any length to a 
neonatal unit after delivery but before the 28th day.

Variable definitions in our study are based on the avail-
able information in the original datasets. A detailed defi-
nition of each variable and how they are recorded in the 
datasets is available in Additional file  4: Outcome and 
variable definition.

Statistical analysis
We summarised the characteristics of all women that 
met the inclusion criteria and their pregnancy outcomes 
using counts and proportions. The characteristics were 
also reported by the sub-categories of preterm birth. To 
estimate the prevalence of multimorbidity, women were 
included only once by a random selection of one of their 
pregnancies if they had more than one during the period. 
We included all pregnancies to estimate the effect of 
maternal pre-existing multimorbidity on preterm birth, 
stillbirth, neonatal admission, and neonatal death. We 
used Generalised Estimating Equation to account for 
one woman having more than one pregnancy during the 
study period. The model was adjusted for maternal age, 
socioeconomic status, ethnicity, number of previous 
pregnancies, BMI, and smoking history. Multimorbidity 
was re-calculated for each pregnancy for women having 
more than one pregnancy within the study period. We 
conducted a stratified analysis with a regression model 

using the Mantel–Haenszel approach. Also, we inves-
tigated the potential interaction effect between mul-
timorbidity and age and deprivation in the likelihood 
of preterm birth. Rates (proportions) in the results and 
tables are absolute, whereas the ORs given are adjusted 
(aOR). Analysis was carried out using R (v3.6.3) and the 
Stata statistical software package (version 14). Missing 
data were assigned to separate categories, reported in the 
descriptive statistics, and accounted for in the regression 
models, so all women were entered into the model. The 
study is reported in accordance with the RECORD guide-
line provided in Additional file 5: STROBE check list.

Results
Overall, 27,771 pregnant women aged 15–49 years were 
included in the analysis to estimate the prevalence of 
multimorbidity during the 5-year period (Fig. 1.)

The characteristics of the cohort are presented in 
Table  1. Most of the women were 20–34  years old 
(76.8%), of white ethnicity (75%), and 41.2% were in the 
most deprived categories (SIMD 1 and 2). A majority 
had a normal weight according to BMI (35.8%), although 
21.7% were overweight and 19.4% obese. The prevalence 
of pre-existing multimorbidity and complex multimor-
bidity in pregnant women was 16.8% (95% CI: 16.4–17.2) 
and 3.6% (95% CI: 3.3–3.8), respectively. The prevalence 
of multimorbidity in the youngest age group was 10.2% 
(95% CI: 8.8–11.6), while in the 40 to 44 age group, it 
was 21.4% (95% CI: 18.4–24.4), and in the 45 to 49 age 
group, it was 20% (95% CI:8.9–31.1). Among women with 
no previous pregnancies, 13.6% (95% CI:12.9–14.3) had 
multimorbidity, whereas, among those with six or more 
previous pregnancies, the prevalence was 34.9% (95% 
CI: 31.3–38.5). Multimorbidity was prevalent in 20.6% 
(95% CI:19.6–21.7) of women living in the most deprived 
areas, whereas among those residing in the least deprived 
areas, it was 12.1% (95% CI:11–13.2).

During the study period, we identified 30,557 live 
births with known gestational age from women who gave 
birth ≥ 24  weeks of gestation. The prevalence of over-
all preterm birth was 7.5%. In women with no identified 
multimorbidity, the prevalence of PTB was 6.7%, while 
it was 11.6% in women with multimorbidity and 15.6% 
in women with complex multimorbidity. Vaginal birth 
was the mode of delivery in 60.7% of women without 
chronic conditions, 57% of women with maternal mul-
timorbidity, and 53.1% of women with complex multi-
morbidity. Among women with multimorbidity, 16.5% 
had an emergency c-section, while 17.2% had an elective 
c-section, as opposed to 14.9% and 12.9%, respectively, 
among women without multimorbidity. Neonatal admis-
sions were reported in 5.6% (1426) of births from women 
without multimorbidity, 9.3% (471) from women with 
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Table 1 Sociodemographic characteristics and prevalence of multimorbidity and complex multimorbidity of pregnant women

Total cohort n 
(column %)

Non-MM n [row % (CI)] MM (2 +) n [row % (CI)] cMM (4 +) n [row % (CI)]

Total 27771(100) 23105 [83.2(82.8–83.6)] 4666 [16.8(16.4–17.2)] 988 [3.6(3.3–3.8)]

Age at conception (years)

 15–19 1779(6.4) 1597 [89.8(88.4–91.2)] 182 [10.2(8.8–11.6)] 21 [1.2(0.7–1.7)]

 20–24 5048(18.2) 4161 [82.4(81.4–83.5)] 887 [17.6(16.5–18.6)] 160 [3.2(2.7–3.7)]

 25–29 8288(29.8) 6877[83.0(82.2–83.8)] 1411 [17(16.2–17.8)] 275 [3.3(2.9–3.7)]

 30–34 8000(28.8) 6699[83.7(82.9–84.5)] 1301[16.3(15.5–17.1)] 289 [3.6(3.2–4.0)]

 35–39 3881(14) 3161[81.4(80.2–82.7)] 720[18.6(17.3–19.8)] 208 [5.4(4.7–6.1)]

 40–44 725(2.6) 570[78.6(75.6–81.6)] 155[21.4(18.4–24.4)] 34 [4.7(3.2–6.2)]

 45–49 50(0.2) 40[80.0(68.9–91.1)] 10[20.0(8.9–31.1)] < 5

Previous live birth

 0 11269 (40.6) 9668 [85.8(85.1–86.4)] 1601[14.2(13.6–14.9)] 300 [2.7(2.4–3.0)]

 1 10091 (36.3) 8538[84.6(83.9–85.3)] 1553 [15.4(14.7–16.1)] 330 [3.3(2.9–3.6)]

 2 3693 (13.3) 2863 [77.5(76.2–78.9)] 830 [22.5(21.1–23.8)] 184 [5.0(4.3–5.7)]

 3 1382 (5) 1048 [75.8(73.6–78.1)] 334 [24.2(21.9–26.4)] 94 [6.8(5.5–8.1)]

 4 403 (1.5) 287 [71.2(66.8–75.6)] 116 [28.8(24.4–33.2)] 28 [6.9(4.5–9.4)]

 5 + 272 (1) 192 [70.6(65.2–76.0)] 80.0 [29.4(24.0–34.8)] 16 [5.9(3.1–8.7)]

 Missing 661 (2.4) 509 [77.0(73.8–80.2)] 152 [23.0(19.8–26.2)] 36 [5.4(3.7–7.2)]

Previous pregnancies

 0 8531(30.7) 7370 [86.4(85.7–87.1)] 1161[13.6(12.9–14.3)] 210 [2.5(2.1–2.8)]

 1 8926 (32.1) 7704 [86.3(85.6–87)] 1222 [13.7(13.0–14.4)] 236 [2.6(2.3–3.0)]

 2 4956 (17.9) 4068 [82.1(81–83.2)] 888 [17.9(16.8–19.0)] 193 [3.9(3.4–4.4)]

 3 2622 (9.4) 2049[78.1(76.6–79.7)] 573 [21.9(20.3–23.4)] 134 [5.1(4.3–6.0)]

 4 1329 (4.8) 973 [73.2(70.8–75.6)] 356 [26.8(24.4–29.2)] 94 [7.1(5.7–8.5)]

 5 701(2.5) 477 [68.0(64.6–71.5)] 224 [32.0(28.5–35.4)] 51 [7.3(5.4–9.2)]

 6 + 685 (2.5) 446 [65.1(61.5–68.7)] 239 [34.9(31.3–38.5)] 70 [10.2(8.0–12.5)]

 Missing 21 (0.1) 18 [85.7(70.7–100.7)] < 5 < 5

Ethnicity

 White 20836 (75) 17375 [83.4(82.9–83.9)] 3461 [16.6(16.1–17.1)] 722 [3.5(3.2–3.7)]

 Mixed race 43 (0.2) 39 [90.7(82–99.4)] < 5 < 5

 Black 140 (0.5) 131 [93.6(89.5–97.6)] 9 [6.4(2.4–10.5)] < 5

 Asian 570 (2.1) 529 [92.8(90.7–94.9)] 41 [7.2(5.1–9.3)] 8 [1.4(0.4–2.4)]

 Others 411 (1.5) 343[83.5(79.9–87)] 68 [16.5(13–20.1)] 17 [4.1(2.2–6.1)]

 Missing 5771(20.8) 4688 [81.2(80.2–82.2)] 1083 [18.8(17.8–19.8)] 240 [4.2(3.6–4.7)]

Deprivation (SIMD)

 Most deprived 6056 (21.8) 4806 [79.4(78.3–80.4)] 1250 [20.6(19.6–21.7)] 293 [4.8(4.3–5.4)]

 2 5382 (19.4) 4318 [80.2(79.2–81.3)] 1064 [19.8(18.7–20.8)] 259 [4.8(4.2–5.4)]

 3 4653 (16.8) 3894 [83.7(82.6–84.7)] 759[16.3(15.3–17.4)] 150 [3.2(2.7–3.7)]

 4 4883 (17.6) 4248 [87(86.1–87.9)] 635 [13(12.1–13.9)] 119 [2.4(2–2.9)]

 Least Deprived 3441(12.4) 3024 [87.9(86.8–89)] 417 [12.1(11–13.2)] 69 [2(1.5–2.5)]

 Missing 3356 (12.1) 2815 [83.9(82.6–85.1)] 541 [16.1(14.9–17.4)] 98 [2.9(2.4–3.5)]

BMI

 Underweight (< 18.5) 583 (2.1) 500 [85.8(82.9–88.6)] 83 [14.2(11.4–17.1)] 11 [1.9(0.8–3.0)]

 Normal Weight (18.5–24.9) 9940 (35.8) 8603 [86.5(85.9–87.2)] 1337 [13.5(12.8–14.1)] 250 [2.5(2.2–2.8)]

 Overweight (25–29.9) 6036 (21.7) 5117 [84.8(83.9–85.7)] 919 [15.2(14.3–16.1)] 173 [2.9(2.4–3.3)]

 Obese (> 30) 5383 (19.4) 4262 [79.2(78.1–80.3)] 1121 [20.8(19.7–21.9)] 259 [4.8(4.2–5.4)]

 Missing 5829 (21) 4623 [79.3(78.3–80.4)] 1206 [20.7(19.6–21.7)] 295 [5.1(4.5–5.6)]

Smoking History

 Never smoked 16619 (59.8) 14429 [86.8(86.3–87.3)] 2190 [13.2(12.7–13.7)] 397 [2.4(2.2–2.6)]

 Current smoker 5373 (19.4) 3956 [73.6(72.4–74.8)] 1417 [26.4(25.2–27.6)] 356 [6.6(6.0–7.3)]

 Former smoker 3579 (12.9) 2912 [81.4(80.1–82.6)] 667 [18.6(17.4–19.9)] 139 [3.9(3.3–4.5)]

 Not known 2200 (7.9) 1808 [82.2(80.6–83.8)] 392 [17.8(16.2–19.4)] 96 [4.4(3.5–5.2)]

MM Multimorbidity, cMM Complex multimorbidity, SIMD Scottish Index of Multiple Deprivation, BMI Body Mass Index
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multimorbidity, and 14.3% (149) from women with com-
plex multimorbidity (Table 2). The prevalence of PTB by 
age, deprivation, and multimorbidity are presented in 
Figs. 1 and 2.

After adjusting for maternal age, socioeconomic sta-
tus, smoking history, BMI, and number of previous 
pregnancies, multimorbidity was associated with higher 
odds of PTB (aOR = 1.64, 95% CI: 1.48–1.82). Mater-
nal multimorbidity was also significantly associated 
with moderate PTB (aOR = 1.69, 95% CI: 1.52–1.89), 
but it was not significantly associated with very PTB 
(aOR = 1.22, 95% CI: 0.9–1.66) and extremely PTB 
(aOR = 0.86, 95% CI: 0.51–1.44) (Table 3). Women with 
multimorbidity had a higher risk of PTB compared to 
women without multimorbidity, except for those in the 
youngest age group (15 to 19 years), and across various 
socioeconomic levels (Additional file 6: Table 4). Given 
that age and higher levels of deprivation are associated 
with multimorbidity, we examined potential interaction 

effects to investigate the relationship between age, lev-
els of deprivation, and the odds of PTB. However, our 
analysis did not reveal any significant interaction. Con-
sequently, the impact of multimorbidity on the odds 
of PTB did not significantly differ across different age 
groups or levels of deprivation.

Multimorbidity at the time of conception was associ-
ated with higher risk of neonatal admission (aOR = 1.35, 
95% CI: 1.19–1.53). However, no significant association 
was found with stillbirth (aOR = 0.67, 95% CI: 0.39–
1.16) or neonatal death (aOR = 1.28, 95% CI: 0.64–2.59) 
(Additional file 7: Table 5).

Discussion
Main findings
In this retrospective study, we found that multi-
morbidity at the time of conception was present in 
one in six women and was associated with an overall 
increased risk for PTB compared to women with no 

Table 2 Perinatal characteristics of singleton births among women with and without multimorbidity

Total number 
of single births 
n (%)

Births in women with no 
MM pre-pregnancy n (%)

Births in women with 
MM: 2 +) pre- pregnancy 
n(%)

Births in women with complex 
MM: 4 +) pre-pregnancy n (%)

Livebirth (with known gestational 
age)

30557 25486 5071 1041

Term 28260 (92.5) 23783 (93.3) 4477 (88.3) 879 (84.4)

Preterm births (< 37 weeks of 
gestation)

2297 (7.5) 1703 (6.7) 594 (11.6) 162 (15.6)

 Moderate preterm (32 to < 37 
completed weeks of gestation)

1970 (5.8) 1451 (5.7) 519 (10.2) 139 (13.4)

 Very preterm (28 to < 32 weeks 
completed weeks of gestation)

238 (0.8) 181 (0.7) 57 (1.1) 18 (1.7)

 Extremely preterm (24 
to < 28 weeks completed weeks 
of gestation)

89 (0.3) 71 (0.3) 18 (0.4) 5(0.5)

Birth weight
 Normal (> = 2500 gr) 27926 (92.7) 23436 (93.4) 4490 (89.5) 879 (84.7)

 Low Birth Weight (1500 to 2499 gr) 1647(5.5) 1235(4.9) 412 (8.2) 118 (11.4)

 Very Low Birth Weight (1000 
to 1499 gr)

184 (0.6) 133(0.5) 51(1.0) 16(1.5)

 Extremely Low Birth Weight 
(< 1000gr)

98 (0.3) 80(0.3) 18 (0.4) 8 (0.8)

 Missing 702 (2.3) 602(2.4) 100 (2) 20 (1.9)

Mode of birth
 Vaginal 18506 (60.7) 15618 (61.3) 2888 (57) 553 (53.1)

 Instrumental 2619 (8.6) 2243 (8.8) 376 (7.4) 74 (7.1)

 Breech 94 (0.3) 74 (0.3) 20 (0.4)  < 5(0.4)

 Elective C‑section 4095 (13.4) 3231 (12.7) 864 (17) 203 (19.5)

 Emergency C‑section 4539 (14.9) 3713 (14.6) 826 (16.3) 187(18)

 Missing 704 (2.3) 607 (2.4) 97 (1.9) 20 (1.9)

Stillbirth 106 (0.3) 90 (0.4) 16 (0.3) 6 (0.6)

Neonatal admission 1897 (5.6) 1426 (5.6) 471(9.3) 149 (14.3)

Neonatal deaths 74 (0.2) 48(0.2) 26 (0.5) 10 (1.0)
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multimorbidity. We also observed an increased risk of 
neonatal admissions.

Comparison with the literature
Our findings suggest that multimorbidity is prevalent 
among pregnant women and is associated with adverse 
perinatal outcomes. This aligns with previous literature 
that has reported associations between individual or 
combination of chronic conditions and diverse adverse 
obstetric and neonatal outcomes [9, 23–25]. A signifi-
cant burden of multimorbidity has been previously 
reported in women of childbearing age [3] and preg-
nant women [4, 5, 26, 27]. Our results show a lower 
prevalence than Lee et  al. reported, where our data 
from 2018 were included. This is likely related to the 
fact that our measurement of multimorbidity is based 
on hospital records which may underestimate the prev-
alence of multimorbidity compared with studies using 
primary care data.

Recently, Naksini K et  al. published the first paper 
investigating the association between maternal mul-
timorbidity and perinatal outcomes [10]. Their study 
reported a lower prevalence of multimorbidity (6.3%) 
compared to ours and to previous studies [4, 28], 
which can be attributed to differences in the definition 
of multimorbidity. They included fewer conditions 
than our study and utilised self-administered question-
naires and medical record transcripts during the first 
trimester of pregnancy, which may lead to underre-
porting certain conditions. It is important to consider 
that their study was conducted in Japan, and the prev-
alence of chronic conditions in this population may 
differ significantly from that in the UK. Furthermore, 
they found a lower prevalence of preterm birth (4.6%) 
compared to our study but a significant association 
with maternal multimorbidity similar to our findings 
(aOR = 1.50, 95% CI: 1.33–1.69). In a small prospective 
cohort study of pregnant women (n = 1619) conducted 

Fig. 2 Prevalence of PTB by multimorbidity, age, and deprivation
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Table 3 Multivariate adjusted association between maternal multimorbidity and preterm birth

ISS Insufficient Sample Size

Preterm birth 
(24 to < 37 w)
Adjusted OR (95% CI)

Moderate preterm 
(32 to < 37 w)
Adjusted OR (95% CI)

Very preterm 
(28 to < 32 w)
Adjusted OR (95% CI)

Extremely preterm 
(24 to < 28 w)
Adjusted OR (95% CI)

Maternal multimorbidity 1.64 (1.48–1.82) 1.69 (1.52–1.89) 1.22 (0.9–1.66) 0.86 (0.51–1.44)
No MM Ref Ref Ref Ref
Adjusted for maternal age, socioeconomic status, ethnicity, number of previous pregnancies, BMI and smoking history. SIMD: Scottish Index of Multi‑
ple Deprivation. BMI: body mass index

Age at conception, years
 15–19 1.13 (0.94–1.36) 1.13 (0.92–1.38) 1 (0.56–1.78) 1.79 (0.87–3.7)

 20–24 1 (0.87–1.14) 0.97 (0.85–1.12) 1.22 (0.84–1.79) 1.37 (0.79–2.38)

 25–29 Ref Ref Ref Ref

 30–34 1.11 (0.99–1.25) 1.06 (0.94–1.2) 1.48 (1.05–2.09) 1.09 (0.64–1.86)

 35–39 1.24 (1.08–1.44) 1.18 (1.01–1.37) 1.49 (0.97–2.27) 1.18 (0.61–2.26)

 40–44 1.72 (1.35–2.21) 1.7 (1.32–2.2) 1.14 (0.48–2.71) 0.73 (0.17–3.21)

 45–49 1.07 (0.33–3.46) 1.03 (0.32–3.31) ISS ISS

SIMD
 Most deprived 1 1.31 (1.1–1.55) 1.18 (0.99–1.41) 3.34 (1.73–6.46) 1.11 (0.53–2.34)

 2 1.27 (1.07–1.51) 1.16 (0.97–1.39) 3.28 (1.69–6.35) 1.25 (0.59–2.63)

 3 1.14 (0.95–1.36) 1.06 (0.88–1.28) 2.34 (1.18–4.67) 1.11 (0.51–2.41)

 4 1.11 (0.93–1.32) 1.03 (0.86–1.23) 2.3 (1.16–4.56) 0.97 (0.44–2.14)

 Least deprived 5 Ref Ref Ref Ref

 Missing 1.04 (0.85–1.26) 1 (0.81–1.22) 2.19 (1.06–4.53) 0.61 (0.23–1.62)

Previous pregnancies
 0 Ref Ref Ref Ref

 1 0.76 (0.68–0.85) 0.8 (0.71–0.9) 0.57 (0.4–0.81) 0.67 (0.41–1.12)

 2 0.8 (0.7–0.91) 0.81 (0.7–0.94) 0.68 (0.46–1.02) 0.75 (0.41–1.36)

 3 0.92 (0.79–1.08) 0.9 (0.76–1.07) 1.13 (0.74–1.73) 0.92 (0.45–1.86)

 4 1.03 (0.84–1.25) 1.01 (0.82–1.25) 1.11 (0.65–1.89) 1.05 (0.44–2.49)

 5 + 1.27 (1.06–1.53) 1.13 (0.93–1.38) 1.41 (0.87–2.29) 1.84 (0.89–3.79)

 Unknown 1.84 (0.23–14.62) 1.59 (0.36–6.99) ISS ISS

Ethnicity
 White 1.26 (0.61–2.62) 1.54 (0.67–3.52) 0.64 (0.16–2.62) 0.44 (0.06–3.26)

 Mixed ethnic groups 1.24 (0.3–5.04) 1.75 (0.41–7.47) ISS ISS

 Black Ref Ref Ref Ref

 Asian 1.63 (0.75–3.55) 2 (0.83–4.84) 0.28 (0.04–1.99) 1.26 (0.14–11.01)

 Others 1.47 (0.66–3.24) 1.63 (0.66–4) 0.85 (0.17–4.23) 0.49 (0.04–5.58)

 Missing 1.14 (0.55–2.38) 1.45 (0.63–3.33) 0.47 (0.11–1.96) 0.36 (0.05–2.76)

BMI, kg/m2

 Underweight (< 18.5) 1.36 (1.03–1.81) 1.31 (0.97–1.76) 1.2 (0.51–2.85) 1.52 (0.45–5.09)

 Normal weight (18.5–24.9) Ref Ref Ref Ref

 Overweight (25–29.9) 0.98 (0.86–1.12) 0.93 (0.81–1.06) 1.26 (0.88–1.81) 2.09 (1.23–3.57)

 Obese(> 30) 1.11 (0.98–1.26) 1.05 (0.92–1.2) 1.34 (0.94–1.93) 1.67 (0.93–2.98)

 Missing 1.31 (1.15–1.49) 1.28 (1.11–1.47) 1.23 (0.84–1.82) 1.52 (0.82–2.81)

Smoking history
 Never smoked Ref Ref Ref Ref

 Current smoker 1.44 (1.28–1.61) 1.4 (1.24–1.58) 1.67 (1.22–2.29) 2.14 (1.33–3.43)

 Former smoker 0.85 (0.73–0.99) 0.89 (0.75–1.04) 0.93 (0.6–1.45) 0.79 (0.38–1.67)

 Not known 1.4 (1.18–1.65) 1.31 (1.1–1.56) 1.52 (0.95–2.45) 1.94 (0.97–3.89)
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more than 15 years ago, Hass J.S et al. [29] found that 
after adjusting for sociodemographic characteris-
tics, pre-pregnancy risk factors, and pregnancy risk 
factors, women who reported poor physical func-
tion during the month before conception had nearly 
a twofold increased likelihood of experiencing a PTB 
(aOR = 1.97, 95% CI: 1.18–3.30) as women with better 
physical function. They concluded that a broader focus 
on women’s health before pregnancy may reduce PTB 
rates. Our findings are consistent; women with pre-
pregnancy multimorbidity have a higher risk of PTB.

Two other studies [8, 26] found a dose–response 
relationship between the number of identified con-
ditions and the rate of severe maternal morbidity. As 
the number of identified conditions increased, the 
rate of severe maternal morbidity, defined by a com-
bination of adverse events at the time of delivery, also 
increased. These findings align with this study, and 
they used a similar methodology (hospital records and 
ICD10 codes to diagnose both maternal morbidity and 
chronic conditions); however, there are relevant dif-
ferences in how our results can be interpreted and the 
potential impact in clinical practice. In all these pre-
vious studies, assessment of exposure (chronic condi-
tions) and outcomes was only performed at the time 
of birth, so the timing of diagnosis could not be ascer-
tained. Conversely, our estimation of multimorbid-
ity at the time of conception suggests that women at 
higher risk can be identified at the start of their preg-
nancy [9].

Clinical and research implications
It is well known that PTB causes higher mortality and 
long-term morbidity for the child, but its causes are 
not yet fully understood. Preterm labour is considered 
a syndrome initiated by multiple mechanisms, includ-
ing infection or inflammation, uteroplacental ischae-
mia or haemorrhage, uterine overdistension, stress, 
and other immunologically mediated processes [30]. 
However, a precise mechanism cannot be established 
in most cases.

Women entering pregnancy with multimorbidity 
have more than a 64% increased risk of PTB. These 
findings warrant further research into potential causal 
pathways. Given the increased risk of other adverse 
outcomes associated with PTB, there is an urgent need 
for a more holistic approach to the care provided to 
women with multimorbidity before and during preg-
nancy. It is important to highlight that multimorbidity 
increases the risk of PTB across all ages and socioeco-
nomic levels. This suggests a benefit of addressing or 
improving the care of women with multimorbidity in 
the pre-conception period. Maternal multimorbidity 

should be considered as an independent risk factor of 
poorer perinatal outcomes beyond the high risk preg-
nancy consideration based on individual conditions. 
To be able to define a clear population at risk is the 
first step in developing specific interventions. Our 
results suggest that pregnant women with multiple 
long-term conditions should be prioritised to explore 
possible interventions. These results also indicate that 
interventions and preventive strategies should start 
before pregnancy and support the existing calls from 
multiple professional bodies and National reviews for 
pre-pregnancy counselling to be readily available for 
women with pre-existing medical and mental health 
morbidity [31, 32].

Strengths
This study utilised electronic health records, which 
provided a rich source of data and it avoided misclas-
sification bias associated with self-reported surveys. 
Data from Information Services Division, NHS Scot-
land [33] show that SMR02 records contain almost 
99% of all births registered in Scotland between 2014–
18. This suggests that the cohort within this study con-
tains the vast majority of all births over the period, 
and the risk of potential selection bias and underrep-
resentation of subgroups is low. We have used a com-
prehensive definition of multimorbidity that includes 
79 conditions, prioritised by a multidisciplinary group, 
including patient representatives, which has been pre-
viously published. The use of diagnosis codes allows 
these findings to be validated in other contexts and 
ensures reproducibility.

Limitations
As with all research that uses routine health records, it 
is subject to the availability and quality of data entry and 
confounding. Our cohort had a minimum 5-year look 
back period to allow for ascertainment of multimorbidity, 
and it may be that a longer period may show higher lev-
els. The high proportion of missing data in some variables 
introduces a limitation of our study. Given the inherent 
complexity of our data and the potential biases intro-
duced by imputation, we believe that multiple imputation 
was unsuitable for addressing our non-random missing 
data. Instead, as there is no universally perfect approach 
to handling missing data, especially when using EHRs, 
we opted to reflect the missingness as it occurred in our 
dataset and acknowledge this as a limitation. A complete 
case analysis is presented in the supplementary informa-
tion for comparison (Additional file 8: Table 6). We have 
been unable to differentiate between the different types 
of PTB (spontaneous versus medically indicated), which 
limits our ability to make assumptions on how each 
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individual condition contributed or to theorise regarding 
causality [34]. Previous studies have reported racial and 
ethnic disparities in both the incidence of severe mater-
nal morbidity and the prevalence of multimorbidity [35]. 
Our population was mainly of white ethnicity, and we 
had 20% missing data in this variable. Larger and more 
diverse populations may be better positioned to confirm 
this hypothesis.

Another possible limitation to comparing our results 
with other studies is that we have excluded any birth 
recorded as less than 24 weeks of gestational age. We had 
only identified 34 records that could have been considered 
live births between 22 and 24 weeks of gestation, so this is 
unlikely to have changed our findings. Finally, as we used 
mainly hospital data to estimate multimorbidity, it is pos-
sible that we have captured more severe cases, and our 
results may differ from studies that used primary care data.

Conclusions
Maternal multimorbidity at the time of conception was 
associated with an increased risk of PTB and neonatal 
admission. Multimorbidity presents a significant health 
burden to women and their offspring. Our findings sug-
gest that routine and comprehensive assessments for 
women with multimorbidity before and throughout preg-
nancy could optimise care and ultimately improve out-
comes for them and their offspring.

Abbreviations
PTB  Preterm birth
ORs  Odds Ratios
EHRs  Electronic Health Records
SMR  Scottish Morbidity Records
SMR02  Scottish Maternity Records
BMI  Body mass index
NHS  National Health Service
LMP  Last menstrual period
SIMD  Scottish Index of Multiple Deprivation
UK  United Kingdom

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916‑ 023‑ 03058‑4.

Additional file 1. Detailed information on the datasets and data source 
used for this analysis.

Additional file 2. Cohort selection and data quality checks.

Additional file 3. Phenome definition of health conditions and ICD 10 
codes used for identifying long‑term conditions.

Additional file 4. Outcome and variable definition and details on how 
variables are recorded in the original data source.

Additional file 5. Reporting of studies Conducted using Observational 
Routinely‑collected Data: The RECORD Statement Checklist.

Additional file 6: Table 4. Association between maternal multimorbidity 
and preterm birth: Stratified regression model using Mantel‑Haenszel.

Additional file 7: Table 5. Association between maternal multimorbidity 
and other perinatal outcomes.

Additional file 8: Table 6. Multivariate adjusted association between 
maternal multimorbidity and preterm birth complete case analysis.

Acknowledgements
We acknowledge the support of the Health Informatics Centre, University of 
Dundee for managing and supplying the anonymised data and NHS Tayside 
and Fife for the original data source.

Authors’ contributions
Our authors’ list includes PPI co‑investigators NM and RP. AAL, UA, AF, MB, and CM 
conceived the study. AAL, UA, AF, and CM acquired the data, required approval, 
and planned the analysis. AF and UA undertook the analysis. AAL led the interpre‑
tation of results and drafting of the manuscript. All authors, MB, CM, SIL, KAE, 
CNP, SB, DOR, KN, UA, AF, NM, RP and MU contributed to the interpretation of 
the data and critically revised the manuscript for important intellectual content. 
All authors read and approved the final version of the manuscript and agreed to 
be accountable for all aspects of the work. The list of health conditions to define 
multimorbidity and defined the phenome were from MuM‑PreDiCT consortia.

Funding
This work was funded by Northwood Charitable Trust and by the Strategic 
Priority Fund “Tackling multimorbidity at scale” programme (grant number 
MR/W014432/1) delivered by the Medical Research Council and the National 
Institute for Health Research in partnership with the Economic and Social 
Research Council and in collaboration with the Engineering and Physical Sci‑
ences Research Council. The views expressed are those of the author and not 
necessarily those of the funders, the NIHR, or the UK Department of Health 
and Social Care. The funders had no role in study design, data collection and 
analysis, decision to publish, or manuscript preparation.

Availability of data and materials
The data that support the findings of this study are available from the HIC 
at the University of Dundee, but restrictions apply to the availability of 
these data, which were used under license for the current study, and so 
are not publicly available. All code used in this study is publicly available at 
https:// github. com/ mumpr edict.

Declarations

Ethics approval and consent to participate
HIC provided a linked dataset within a Safe Haven environment for this study. 
The dataset was obtained under HIC Standard Operating Procedures (SOP) 
[36]. NHS Tayside Research Ethics Committee has approved these SOPs (18/
ES/0126). The School of Medicine Ethics Committee, acting on behalf of the 
University of St Andrews Teaching and Research Ethics Committee, approved 
the project (UTREC MD15434 approved 26 April 2021).
As the study data are de‑identified, consent from individual patients was not 
required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Population and Behavioural Sciences, School of Medicine, 
University of St Andrews, St Andrews, UK. 2 Hospital Rey Juan Carlos, Instituto 
de Investigación Sanitaria Fundación Jimenez Diaz, Madrid, Spain. 3 Research 
Network On Chronicity, Primary Care and Prevention and Health Promotion, 
(ISCIII), Madrid, Spain. 4 Department of Epidemiology and Medical Statistics, 
College of Medicine, University of Ibadan, Ibadan, Nigeria. 5 Institute of Applied 
Health Sciences, School of Medicine, Medical Sciences & Nutrition, University 
of Aberdeen, Aberdeen, UK. 6 Nuffield Department of Primary Care Health 
Sciences, University of Oxford, Oxford, UK. 7 Aberdeen Centre for Women’s 

https://doi.org/10.1186/s12916-023-03058-4
https://doi.org/10.1186/s12916-023-03058-4
https://github.com/mumpredict


Page 11 of 11Azcoaga‑Lorenzo et al. BMC Medicine          (2023) 21:352  

Health Research, School of Medicine, Medical Science and Nutrition, University 
of Aberdeen, Aberdeen, UK. 8 Institute of Applied Health Research, University 
of Birmingham, Birmingham, UK. 9 Centre for Public Health, Queen’s University 
of Belfast, Belfast, UK. 10 St Michael’s Hospital, University Hospitals Bristol 
and Weston NHS Foundation Trust, Bristol, UK. 11 Patient and Public Represent‑
ative, London, UK. 12 Guy’s and St. Thomas’ NHS Foundation Trust, London, UK. 
13 Data Science, Medical School, Swansea University, Swansea, UK. 

Received: 20 February 2023   Accepted: 29 August 2023

References
 1. The Academy of Medical Sciences. Multimorbidity: a priority for global 

health research. London: 2018. Available from: https:// acmed sci. ac. uk/ 
file‑ downl oad/ 82222 577.

 2. Violan C, Foguet‑Boreu Q, Flores‑Mateo G, Salisbury C, Blom J, Freitag 
M, et al. Prevalence, determinants and patterns of multimorbidity in 
primary care: a systematic review of observational studies. PLoS One. 
2014;9:e102149.

 3. Violán C, Foguet‑Boreu Q, Roso‑Llorach A, Rodriguez‑Blanco T, Pons‑
Vigués M, Pujol‑Ribera E, et al. Multimorbidity patterns in young adults in 
Catalonia: an analysis of clusters. Aten Primaria. 2016;48:479–92.

 4. Lee SI, Azcoaga‑Lorenzo A, Agrawal U, Kennedy JI, Fagbamigbe AF, Hope 
H, et al. Epidemiology of pre‑existing multimorbidity in pregnant women 
in the UK in 2018: a population‑based cross‑sectional study. BMC Preg‑
nancy Childbirth. 2022;22:120.

 5. McCauley M, Zafar S, van den Broek N. Maternal multimorbidity during 
pregnancy and after childbirth in women in low‑ and middle‑income 
countries: a systematic literature review. BMC Pregnancy Childbirth. 
2020;20:1–10.

 6. McCauley M, White S, Bar‑Zeev S, Godia P, Mittal P, Zafar S, et al. Physical 
morbidity and psychological and social comorbidities at five stages dur‑
ing pregnancy and after childbirth: a multicountry cross‑sectional survey. 
BMJ Open. 2022;12:1–10.

 7. Beeson JG, Homer CSE, Morgan C, Menendez C. Multiple morbidities 
in pregnancy: time for research, innovation, and action. PLoS Med. 
2018;15:e1002665.

 8. Brown CC, Adams CE, George KE, Moore JE. Associations between 
comorbidities and severe maternal morbidity. Obstet Gynecol. 
2020;136:892–901.

 9. D’Arcy R, Knight MMLA. A retrospective audit of the socio‑demographic 
characteristics and pregnancy outcomes for all women with multiple 
medical problems giving birth at a tertiary hospital in the UK in 2016. 
BJOG. 2019;126:128.

 10. Nakanishi K, Saijo Y, Yoshioka E, Sato Y, Kato Y, Nagaya K, et al. Association 
between maternal multimorbidity and preterm birth, low birth weight 
and small for gestational age: a prospective birth cohort study from the 
Japan Environment and Children’s Study. BMJ Open. 2023;13:e069281.

 11. Vogel JP, Chawanpaiboon S, Moller AB, Watananirun K, Bonet M, Lum‑
biganon P. The global epidemiology of preterm birth. Best Pract Res Clin 
Obstet Gynaecol. 2018;52:3–12.

 12. Henderson JJ, McWilliam OA, Newnham JP, Pennell CE. Preterm birth 
aetiology 2004–2008. Maternal factors associated with three phenotypes: 
Spontaneous preterm labour, preterm pre‑labour rupture of membranes 
and medically indicated preterm birth. J Matern Fetal Neonatal Med. 
2012;25:642–7.

 13. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global, 
regional, and national causes of child mortality : an updated systematic 
analysis for 2010 with time trends since 2000. Lancet. 2010;379:2151–61.

 14. NICE. Preterm labour and birth. 2015; Available from: https:// www. nice. 
org. uk/ guida nce/ ng25/ resou rces/ prete rm‑ labour‑ and‑ birth‑ pdf‑ 18373 
33576 645.

 15. World Health Organization (WHO) 2023. Preterm Birth. Fact Sheets. 
Available from: https:// www. who. int/ news‑ room/ fact‑ sheets/ detail/ prete 
rm‑ birth#: ~: text= Prete rm is defined as babies,(32 to 37 weeks).

 16. Ramanathan K, Antognini D, Combes A, Paden M, Zakhary B, Ogino M, 
et al. Preterm birth1: Epidemiology and causes of preterm birth. Lancet. 
2020;200:75–84.

 17. University of Dundee. Health Informatics Centre (HIC). Available from: 
https:// www. dundee. ac. uk/ hic.

 18. Fleming M, Kirby B, Penny KI. Record linkage in Scotland and its applica‑
tions to health research. J Clin Nurs. 2012;21:2711–21.

 19. Scottish Government; Edinburgh. Available from: https:// www. gov. scot/ 
colle ctions/ scott ish‑ index‑ of‑ multi ple‑ depri vation‑ 2020/.

 20. Agrawal U, Azcoaga‑Lorenzo A, Fagbamigbe AF, Vasileiou E, Henery P, 
Simpson CR, et al. Association between multimorbidity and mortality in 
a cohort of patients admitted to hospital with COVID‑19 in Scotland. J R 
Soc Med. 2022;115:22–30.

 21. MacTier H, Bates SE, Johnston T, Lee‑Davey C, Marlow N, Mulley K, et al. 
Perinatal management of extreme preterm birth before 27 weeks of 
gestation: A framework for practice. Arch Dis Child Fetal Neonatal Ed. 
2020;105:F232–9.

 22. Public Health Scotland. Information Services Division. Data Dictionary; 
Available from: https:// www. ndc. scot. nhs. uk/ Dicti onary‑A‑ Z/ Defin itions/ 
index. asp? Search= & ID= 502& Title= & Title2= Abort ionTy pe.

 23. Brown HK, McKnight A, Aker A. Association between pre‑pregnancy 
multimorbidity and adverse maternal outcomes: a systematic review. J 
Multimorb Comorb. 2022;12:263355652210965.

 24. Czerwinski S, Gollero J, Qiu C, Sorensen TK, Williams MA. Migraine‑asthma 
comorbidity and risk of hypertensive disorders of pregnancy. J Preg‑
nancy. 2012;2012:22–4.

 25. Kong L, Nilsson IAK, Gissler M, Lavebratt C. Associations of maternal dia‑
betes and body mass index with offspring birth weight and prematurity. 
JAMA Pediatr. 2019;173:371.

 26. Admon LK, Winkelman TNA, Heisler M, Dalton VK. Obstetric out‑
comes and delivery‑related health care utilization and costs among 
pregnant women with multiple chronic conditions. Prev Chronic Dis. 
2018;15:170397.

 27. Kersten I, Lange AE, Haas JP, Fusch C, Lode H, Hoffmann W, et al. Chronic 
diseases in pregnant women: Prevalence and birth outcomes based on 
the SNiP‑study. BMC Pregnancy Childbirth. 2014;14:1–13.

 28. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiol‑
ogy of multimorbidity and implications for health care, research, and 
medical education: a cross‑sectional study. Lancet. 2012;380:37–43.

 29. Haas JS, Fuentes‑Afflick E, Stewart AL, Jackson RA, Dean ML, Brawarsky P, 
et al. Prepregnancy health status and the risk of preterm delivery. Arch 
Pediatr Adolesc Med. 2005;159:58–63.

 30. Romero R, Espinoza J, Kusanovic J, Gotsch F, Hassan S, Erez O, et al. The 
preterm parturition syndrome. BJOG. 2006;113:17–42.

 31. Ockenden D. Ockenden Report. 2020. Available from: https:// www. donna 
ocken den. com/ downl oads/ news/ 2020/ 12/ ocken den‑ report. pdf.

 32. Knight M, Bunch K, Tuffnell D, Patel R, Shakespeare J, Kotnis R, et al. 
Improving Mother’s Care ‑ Lessons learned to inform maternity care from 
the UK and Ireland Confidential Enquiries into Maternal Deaths and Mor‑
bidity 2017‑19. on behalf of MBRRACE‑UK. Saving Lives. 2021. Available 
from: https:// www. npeu. ox. ac. uk/ assets/ downl oads/ mbrra ce‑ uk/ repor ts/ 
mater nal‑ report‑ 2021/ MBRRA CE‑ UK_ Mater nal_ Report_ 2021_‑_ FINAL_‑_ 
WEB_ VERSI ON. pdf.

 33. Public Health Scotland. Births in Scottish Hospitals. Public Health Scot‑
land; 2023. Available from: https:// www. isdsc otland. org/ health‑ topics/ 
mater nity‑ and‑ births/ births/.

 34. Aughey H, Jardine J, Knight H, Gurol‑Urganci I, Walker K, Harris T, et al. Iat‑
rogenic and spontaneous preterm birth in England: a population‑based 
cohort study. BJOG. 2023;130:33–41.

 35. Admon LK, Winkelman TNA, Zivin K, Terplan M, Mhyre JM, Dalton VK. 
Racial and ethnic disparities in the incidence of severe maternal morbid‑
ity in the United States, 2012–2015. Obstet Gynecol. 2018;132:1158–66.

 36. University of Dundee. Health Informatics Centre (HIC) ‑ Standard Operat‑
ing Procedures. Available from: https:// www. dundee. ac. uk/ corpo rate‑ 
infor mation/ stand ard‑ opera ting‑ proce dures‑ hic.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://acmedsci.ac.uk/file-download/82222577
https://acmedsci.ac.uk/file-download/82222577
https://www.nice.org.uk/guidance/ng25/resources/preterm-labour-and-birth-pdf-1837333576645
https://www.nice.org.uk/guidance/ng25/resources/preterm-labour-and-birth-pdf-1837333576645
https://www.nice.org.uk/guidance/ng25/resources/preterm-labour-and-birth-pdf-1837333576645
https://www.who.int/news-room/fact-sheets/detail/preterm-birth#:~:text=Preterm
https://www.who.int/news-room/fact-sheets/detail/preterm-birth#:~:text=Preterm
https://www.dundee.ac.uk/hic
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/
https://www.ndc.scot.nhs.uk/Dictionary-A-Z/Definitions/index.asp?Search=&ID=502&Title=&Title2=AbortionType
https://www.ndc.scot.nhs.uk/Dictionary-A-Z/Definitions/index.asp?Search=&ID=502&Title=&Title2=AbortionType
https://www.donnaockenden.com/downloads/news/2020/12/ockenden-report.pdf
https://www.donnaockenden.com/downloads/news/2020/12/ockenden-report.pdf
https://www.npeu.ox.ac.uk/assets/downloads/mbrrace-uk/reports/maternal-report-2021/MBRRACE-UK_Maternal_Report_2021_-_FINAL_-_WEB_VERSION.pdf
https://www.npeu.ox.ac.uk/assets/downloads/mbrrace-uk/reports/maternal-report-2021/MBRRACE-UK_Maternal_Report_2021_-_FINAL_-_WEB_VERSION.pdf
https://www.npeu.ox.ac.uk/assets/downloads/mbrrace-uk/reports/maternal-report-2021/MBRRACE-UK_Maternal_Report_2021_-_FINAL_-_WEB_VERSION.pdf
https://www.isdscotland.org/health-topics/maternity-and-births/births/
https://www.isdscotland.org/health-topics/maternity-and-births/births/
https://www.dundee.ac.uk/corporate-information/standard-operating-procedures-hic
https://www.dundee.ac.uk/corporate-information/standard-operating-procedures-hic

	Maternal multimorbidity and preterm birth in Scotland: an observational record-linkage study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design, data source, and linkage
	Study population
	Maternal baseline information: covariates
	Multimorbidity definition: outcome and exposure
	Outcomes
	Statistical analysis

	Results
	Discussion
	Main findings
	Comparison with the literature
	Clinical and research implications
	Strengths
	Limitations

	Conclusions
	Anchor 23
	Acknowledgements
	References


