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Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

Page 4 

Objectives 3 State specific objectives, including any prespecified hypotheses 

Page 6 

Methods 

Study design 4 Present key elements of study design early in the paper 

Page 7 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

Page 7-10 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

Page 7-10 

(b) For matched studies, give matching criteria and number of exposed and 

unexposed 
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Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Page 8-9 

Data sources/ 

measurement 

8* For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there is 
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Page 7-10 

Bias 9 Describe any efforts to address potential sources of bias 
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Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

Page 9-10 
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(c) Explain how missing data were addressed 

N/A 

(d) If applicable, explain how loss to follow-up was addressed 
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information on exposures and potential confounders 

Page 23 
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Outcome data 15* Report numbers of outcome events or summary measures over time 
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). Make clear which confounders were 

adjusted for and why they were included 
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(b) Report category boundaries when continuous variables were categorized 
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(c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period 
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

Page 24-25 
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Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 
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Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 
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Generalisability 21 Discuss the generalisability (external validity) of the study results 
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Abstract 26 

Objective: To investigate associations of giving birth with morbidity in terms of 27 

hospitalization and social consequences of morbidity in terms of sickness absence (SA), while 28 

taking familial (genetics and shared environmental) factors into account. 29 

Design: Prospective register-based cohort study. Estimates of risk of hospitalization and SA 30 

were calculated as Hazard Ratios (HR) with 95% confidence intervals (CI). 31 

Setting: All female twins, i.e. women with twin sister, born between 1959 and 1990 in 32 

Sweden. 33 

Participants: 5118 Swedish female twins (women with twin sister), born 1959-1990, where 34 

at least one in the twin pair had their first childbirth (T0) 1994-2009 and none gave birth 35 

before 1994. 36 

Main outcome measures: Hospitalization and SA during year 2-5 after first delivery or 37 

equivalent. 38 

Results: Preceding the first childbirth, the mean annual number of SA days increased for 39 

mothers, and then decreased again. Hospitalization after T0 was associated with higher HRs of 40 

short-term and long-term SA. Hospitalization both before and after first childbirth was 41 

associated with a higher risk of future SA. Familial factors influenced the association between 42 

hospitalization and long-term SA, regardless of childbirth status. 43 

Conclusion: Women giving birth did not have a higher risk for SA than those not giving birth 44 

and results indicate a positive health selection into giving birth. Mothers hospitalized before 45 

and/or after giving birth had higher risks for future SA, that is, there was a strong association 46 

between morbidity and future SA. 47 

Keywords: sick leave, childbirth, inpatient care, hospitalization, cohort study, population 48 

based, twins 49 
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Article Summary 51 

Article focus: 52 

- To investigate the associations of giving birth with subsequent morbidity in terms of 53 

hospitalization and sickness absence 54 

- To study if hospitalization prior to (or after) childbirth increases the risk for future 55 

hospitalization and sickness absence 56 

Key messages: 57 

- Women giving birth did not have a higher future SA risk than those not giving birth 58 

and results indicate a positive health selection into giving birth 59 

- The high levels of inpatient care in women who did not give birth suggest that there is 60 

a health selection in giving birth, where the women who give birth have a better health 61 

initially 62 

Strengths and limitations: 63 

- The strengths of the study include the population-based prospective design, using 64 

national registers with high completeness and validity 65 

- With a twin study design, we were able to take familial influences into account 66 

- As inpatient care to a great extent has been replaced by outpatient treatment, some of 67 

the decrease in hospitalization over the years is a result of a shift in the responsibility 68 

for inpatient care from hospitals to outpatient care facilities 69 

 70 
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Introduction 72 

In most countries with high labor force participation, women have higher levels of sickness 73 

absence (SA) than men 
1-4

. Many theories and mechanism regarding this have been suggested, 74 

e.g., women having higher morbidity, higher workload (when combining paid and unpaid 75 

work), tougher situation on the labor market, men being the norm for how the labor market is 76 

organized, gender bias in healthcare and social insurance systems, discrimination and 77 

domestic violence, etcetera 
5-9

. Another hypothesis behind this gender difference in SA 78 

focuses on SA during pregnancy and after childbirth 
6 10-13

. Several studies show that women 79 

have higher SA during pregnancy 
10 14

 and that pregnancy-related SA explains half of the 80 

gender differences in SA in fertile ages 
15

.  81 

One of the changes in society that may affect health after childbirth is that the mean age for 82 

having the first child has increased over the last years and that women with higher level of 83 

morbidity now give birth. Further, nowadays, the proportion of caesarean sections has 84 

increased as well as vacuum extraction deliveries, leading to risk of later health problems 
16 17

. 85 

In this study, focus is on childbirth, morbidity, and SA among women, to get a better 86 

understanding of mechanisms behind SA among women in fertile ages. There are hardly any 87 

studies on the associations between giving birth and morbidity and SA, and those conducted 88 

have focused on a relatively short time period right after childbirth, most often within the first 89 

year following the child delivery 
18 19

, while prospective studies with longer follow-up of 90 

mothers are rare 
6 12 20

.   91 

Pregnancy, delivery, and the postpartum period may imply large physical, mental, and 92 

social changes during a short period of time, increasing the risk for disease and injury 
21 22

. 93 

Different types of physical and mental disorders are common during pregnancy and after 94 

childbirth – and can in some cases be longstanding or even permanent – however, this is 95 

hardly studied at all 
19

. Giving birth may be associated with a higher risk of certain diseases 96 

demanding hospitalization, such as cardiovascular diseases, musculoskeletal diseases, mental 97 
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disorders and different types of injuries 
23-26

. For women with a disease present before the 98 

childbirth, the disorder might deteriorate after childbirth 
23 24

. Regarding symptoms related to 99 

childbirth, high prevalence has been shown six months after childbirth for e.g., low back pain, 100 

fatigue, headache, and sleep disorders 
19 27

. Most of these symptoms seem to remain up to one 101 

year after childbirth 
17

. Besides physical health effects, also depression and other mental 102 

disorders have been linked to childbirth 
26 28

, but again, prospective studies with longer 103 

follow-up are lacking 
27

. Even though having children has been shown to contribute to an 104 

overall wellbeing, this is not the case for everybody and especially not among single mothers 105 

whose economic situation and thereby possibilities for good health care might be worse 
29-31

.  106 

Morbidity can be measured in different ways, e.g., through self-reports and visits to 107 

healthcare. Here we will use data on more severe morbidity and that involves assessments 108 

from physicians, that is, morbidity that has led to hospitalization, a measure so far not used in 109 

this type of studies. Sickness absence is not a good measure of morbidity– most people with 110 

morbidity are not on SA 
4
. Instead SA is considered a very good measure of social 111 

consequences of morbidity, in terms of not being able to support yourself from work 
4
. Yet, 112 

there are surprisingly few studies on the association between morbidity and SA and in media 113 

it sometimes even the level of morbidity among sickness absentees even is questioned. 114 

Studies examining the role of familial factors (i.e. genetic and shared (mainly childhood) 115 

environment) on morbidity have shown that genetics tends to explain a moderate to large 116 

extent of the variability in most of the chronic diseases 
32 33

. For example, heritability for 117 

mental disorders varies between 30-90% 
34

, whereas genetic factors have shown to explain 118 

30-60% of the total variation in musculoskeletal disorders 
35 36

. Taken together, familial 119 

factors are important to account for when studying the association between morbidity (here in 120 

terms of hospitalization) and SA as it could lead to erroneous conclusions otherwise. Twin 121 
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settings provide a powerful tool for studies of these aspects in research of SA, a research area 122 

where selection, e.g., regarding type of work, otherwise might have a great impact on results. 123 

 124 

The aims of the study were twofold. First we set out to investigate the associations of giving 125 

birth with subsequent morbidity in terms of hospitalization and SA. Second, we aimed to 126 

study if hospitalization prior to (or after) childbirth increases the risk for future hospitalization 127 

and SA. Familiar factors (genetics and shared/early environmental) were taken into account in 128 

order to assess if familial factors explain a potential association between childbirth and future 129 

hospitalization and SA. 130 

  131 
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Methods 132 

Participants and data sources 133 

We performed a prospective population-based cohort study of female twins. All female twins, 134 

i.e., women with a twin sister, born in Sweden between 1959 and 1990 were selected from the 135 

Swedish Twin Registry (STR) 
37

. After excluding women who delivered their first child 136 

before 1994 or whose twin sister had her first delivery before 1994, and twins where none in 137 

the pair had their first delivery between 1994 and 2009 (n=7 304), the final cohort comprised 138 

5 118 women. The Swedish Twin Registry (STR) is the largest population-based register of 139 

twin births in the world, with information such as birth date, sex, zygosity, and pair 140 

identification 
37 38

. The selection of the study population is illustrated in Figure 1.  141 

The unique personal identity number assigned to each Swedish resident 
39

 was used to link 142 

information from several nationwide population-based registers at an individual level up 143 

through 2009, as follows. The Causes of Death Register was used to obtain information on 144 

date of death 
40

. Information on all deliveries from the Medical Birth Register, which was 145 

established in 1973 and includes information on almost all births in Sweden 
41

. In order to 146 

increase the coverage on delivery, we also used the National Patient Register (NPR) to obtain 147 

information on all deliveries. This register was founded in 1964 and includes all individuals 148 

admitted to any psychiatric or general hospital 
42

. Information on hospitalization with a 149 

principal diagnosis for delivery (as defined by the International Classification of Disease 150 

(ICD): ICD-9: 650, 651.9, 652.2, 669.5-8; and ICD-10: O80-84) was obtained. The NPR was 151 

also used to obtain annual information on other hospitalizations. Annual information on 152 

educational level and on SA was obtained from Statistics Sweden. 153 

 154 

 155 

 156 

 157 
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Time in relation to childbirth 158 

The studied women were followed in relation to year of first childbirth, referred to as T0. In 159 

order to compare those who gave birth to those who did not, T0 for the women who did not 160 

give birth was defined as year of her twin sister’s first childbirth. 161 

 162 

Hospitalization 163 

Data on hospitalization covered the period six years prior to, and six years after year of first 164 

childbirth (T0) or equivalent. For descriptive purposes, the total and the average number of 165 

hospitalization days per year were calculated. 166 

In order to examine if hospitalization prior to (or after) childbirth increases the risk for future 167 

hospitalization, the first part of the regression analyses considered hospitalization as both 168 

exposure and outcome. We created one dichotomous variable for hospitalization before T0 169 

(i.e., exposure), and two dichotomous outcome variables for hospitalization during year 2-5 170 

after T0: one for hospitalization with any diagnosis and one excluding hospitalization with 171 

diagnoses related to pregnancy, childbirth, and the postpartum period. 172 

In order to answer the research question "Does hospitalization prior to (or after) childbirth 173 

increase the risk for future SA?", we created two dichotomous hospitalization exposure 174 

variables: one for hospitalization before T0, and one variable: hospitalization year 1-2 after T0 175 

(excluding diagnoses related to pregnancy, childbirth, and the postpartum period). 176 

 177 

Sickness absence 178 

SA can be measured in several ways, related to duration and incidence 
43

. Here we used the 179 

following four measures: total and average number of SA days per year; number of women 180 

with a new SA spell during year 2-5 after T0; and number of women with a new SA spell >90 181 

sick-leave days during year 2-5 after T0. 182 
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Sickness insurance in Sweden 183 

In Sweden, all residents aged 16-65 years who have income from work or unemployment 184 

benefits are entitled to sickness benefits from the Swedish Social Insurance Agency, if unable 185 

to work due to disease or injury. Among employed individuals, sick pay was in most cases 186 

paid by the employer during the first 14 days of a sick-leave spell, which means that we do 187 

not have data on most of the short sick-leave spells. In most of the years studied, there was no 188 

limitation to duration of a sick-leave spell. Sickness benefits covered 80% of lost income, up 189 

to a certain level. All were covered by a health care insurance covering the right to hospital 190 

care when needed, at a much reduced cost, less than 10 Euros a day. Care during pregnancy 191 

and delivery was free. 192 

 193 

Potential confounding factor 194 

Educational level at T0 was classified into four categories; <9 years of compulsory school, 10-195 

12 years of education (senior high school), ≥13years of education (college/university), 196 

missing. 197 

 198 

Statistical analysis 199 

First, Cox proportional hazard models with constant time-at-risk 
44

 were applied to estimate 200 

hazard ratios (HR) with 95% confidence intervals (CI) for having at least one hospitalization 201 

after childbirth (T0). In a first model (model a), adjustments were made for age. Second 202 

(model b), additional adjustments were made for delivery year and educational level at time of 203 

T0. Thereafter, twin pairs who were discordant (Conditional Cox regression) with respect to 204 

outcomes, i.e., having at least one hospitalization after T0, and were analyzed. In the next step, 205 

we analyzed the associations between childbirth, hospitalization, and SA by fitting three Cox 206 

regression models (table 3). The first (model a) was adjusted for birth year. In the second 207 
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model (model b), additional adjustments were made for delivery year and educational level at 208 

time of T0. In the third model (model c), previous hospitalization was included. Thereafter, 209 

twin pairs who were discordant (Conditional Cox regression) with respect to outcomes i.e., 210 

having had a SA spell or long-term SA (>90 days) were analyzed.  211 

Finally, in the step where we analyzed the association between hospitalization before and 212 

after first childbirth, and subsequent SA (table 4), we adopted the first two models (model a-213 

b) from table 3. In a third model (model c), we fitted an additional model in which 214 

adjustments were made for subsequent deliveries.  215 

Twins in a pair are optimally matched on genetic (100% for MZ pairs and on average 50% 216 

for DZ pairs) and common environmental factors through childhood (100% for both MZ and 217 

DZ twin pairs when reared together) in addition to age and sex (for the same-sexed pairs). 218 

An experimental design, which can control for familial influences, is to examine discordant 219 

twin sisters, that is, where one twin sister has given birth and the other has not. If discordant 220 

twin sisters show similar associations as the analyses of the whole cohort, this would indicate 221 

that the childbirth may actually be a contributing cause of the future SA. If instead the 222 

association found among the whole cohort cannot be replicated within discordant twin sisters, 223 

then familial factors are of importance. Influence of familial factors (genetic and common 224 

environment) is indicated if the association found in the analyses of the whole cohort 225 

disappear or change considerably in the analyses of discordant twin pairs 
45

. 226 

All statistical analyses were performed with SAS 9.3 and STATA 12.1.  227 

The project was approved by the Regional Ethical Review Board of Stockholm. 228 

  229 
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Results 230 

Of the 5 118 women included in the study, 77% had given birth at least once between 1994 231 

and 2009 (Table 1). Of these women, nearly 70% also had given birth later, at least once. A 232 

majority of the women who gave birth had their first delivery before the age of 30 (61%). The 233 

educational level distribution was rather similar when comparing those who gave birth to 234 

those who did not. When hospitalizations with diagnoses for pregnancy and childbirth were 235 

excluded, 30% of the women who had given birth had at least one hospitalization during the 236 

period six years prior to and six years after their first delivery (the delivery year excluded). 237 

The corresponding rate for the women who had not given birth was 27%. Half of the women 238 

who gave birth had at least one SA spell during the period six years prior to or the six years 239 

after first delivery, when the year for childbirth was excluded. The majority of the women had 240 

no SA spell at all in the six years following childbirth. 241 

The average annual number of days with inpatient care and SA, respectively, is presented in 242 

Figure 2. Up to year T0, women who did not give birth had a higher average number of 243 

hospitalization days and SA days compared to those who gave birth. The average number of 244 

inpatient days increased rapidly during T0 for women who gave birth, especially because of 245 

hospitalization due to pregnancy and childbirth. After T0, the number of SA days decreased 246 

quickly among these women. For women who gave birth, days with inpatient care and SA the 247 

years following T0 were to a large extent associated with subsequent childbirths. 248 

Table 2 presents HR for the association between childbirth and hospitalization, for all 249 

diagnoses and for diagnoses where those related to pregnancy, childbirth, and the postpartum 250 

period were excluded. When these diagnoses were removed, women who did not give birth 251 

and who had been hospitalized at least once before T0 had twice the risk of future 252 

hospitalization compared to those not hospitalized prior to T0 (HR: 2.3; 95% CI 1.6-3.3) after 253 

adjustments for birth year, delivery year, and educational level. The association was explained 254 

by familial factors in the analysis of discordant twin pairs (HR: 1.2; 0.8-1.9). 255 
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When restricting the analyses to women who gave birth, a total of 2 792 women were 256 

studied, i.e., 1 396 complete pairs in which both twins had given birth. The reference group 257 

constituted of mothers who had not been hospitalized prior to their first childbirth. Mothers 258 

who had been hospitalized before their first childbirth had a slightly higher HR for future 259 

hospitalization when diagnoses related to pregnancy and childbirth were excluded (HR 1.5; 260 

1.2-2.0). This association disappeared in the analyses of discordant twin pairs, suggesting an 261 

influence of familial factors (HR: 1.0; 0.8-1.3). 262 

Regardless of childbirth status, hospitalization year 1-2 after T0 was a predictor of having a 263 

new SA spell ( 264 

  265 
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Table 3). Compared to women who did not give birth and who were not hospitalized the 266 

first two years after T0, mothers hospitalized after first childbirth had an HR of 2.4 (2.0-2.9) 267 

after adjustments for birth year, delivery year, and educational level. Hospitalization after T0 268 

also was associated with long-term SA ( 269 

  270 
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Table 3). Women who did not give birth had a nearly three-fold risk of long-term SA (HR 271 

2.8; 1.5-5.1), whereas women who gave birth had an HR of 1.8 (1.3-2.5). The analyses of 272 

twin pairs discordant for having a new long-term SA spell year 2-5 after T0, show attenuated 273 

point estimates, hence suggesting that familial effects may play a role. 274 

The analyses, in which we considered hospitalization before and after first childbirth as 275 

exposure, and outcome was future SA (Table 4) show that mothers who had been hospitalized 276 

at least once both before and after their first child birth had a higher risk of future SA (HR 277 

1.8; 1.4-2.2). These women also had a higher risk of long-term SA; however, these risk 278 

estimates were not statistically significant. After controlling for familial confounding, the 279 

estimated risk for long-term SA (>90 days) for those who had been hospitalized before T0 was 280 

in the same direction but the HR was reduced, which suggest that also familial factors may 281 

have an influence on the studied association.  282 
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Discussion 283 

In this register study of a population-based Swedish cohort of female twins born between 284 

1959 and 1990, the associations of delivery with hospitalization and SA were examined as 285 

well as whether familial (i.e. genetic and shared, mainly childhood, environmental) factors 286 

were contributing to these associations. Just before the first childbirth, the SA days increased 287 

much for mothers, an increase that gradually decreased during the years after the delivery. We 288 

found hospitalization prior to T0 to be a risk factor for future hospitalization, regardless of 289 

childbirth status, also when excluding hospitalization due to childbirth. Furthermore, 290 

hospitalization after the first childbirth was associated with a higher HR of both short-term 291 

and long-term future SA. An additional analysis focusing solely on the women who gave birth 292 

showed that hospitalization both before and after the first childbirth was associated with a 293 

higher risk of future SA. Familial factors seemed to have an influence on the association 294 

between hospitalization and long-term SA, regardless of childbirth status. 295 

In line with some previous studies 
10 20 46 47

, we found that SA increased in women during 296 

the time before the first childbirth. Giving birth was also associated with a future somewhat 297 

higher risk for SA, in line with that of those not giving birth. However, this higher risk could 298 

be due to subsequent pregnancies. A recent Norwegian study found that the increased SA risk 299 

in women in the years after pregnancy disappeared when SA during subsequent pregnancies 300 

were accounted for 
20

. Several explanations have been suggested for such higher levels of SA, 301 

among others the double burden hypothesis 
20 48-50

. This hypothesis has been questioned, as 302 

research has indeed shown that women who occupy multiple roles tend to be healthier than 303 

those who enact fewer roles 
51-53

. Thus, the combination of employment and parenthood does 304 

not seem to imply worse health, on the contrary. In our study, the annual rates of SA 305 

decreased steadily after the first childbirth, speaking in favor of this hypothesis. Further 306 

studies of this are warranted. 307 
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To our best knowledge, this is the first study to examine long-term associations between 308 

childbirth, hospitalization and both short- and long-term SA. Women who gave birth did not 309 

have a higher risk for long-term SA nor for hospitalization (besides hospitalization due to 310 

subsequent pregnancy and childbirth) when compared to women who did not give birth.   311 

Those who did not give birth had a more stable pattern of SA during the studied period, 312 

however, with a slight increase in annual SA days over the years. This is in line with a 313 

Swedish study examining whether family obligations influence the risk of SA in publicly 314 

employed women and found a slight risk increase for SA among women without children 
54

. 315 

Further, a broad systematic literature review published in 2004 provided no evidence of an 316 

association between having children in the household and an increased risk of SA 
55

. It is 317 

important to consider family situation when examining the association between having 318 

children and morbidity, as single women with children have been shown to have worse health 319 

30 31 56
 and higher levels of SA 

6 54
. 320 

Even though pregnancy, delivery, and the postpartum period may increase the risk for 321 

disease and injury 
25 27

, our findings do not suggest that women who gave birth are more 322 

likely to be hospitalized after their first childbirth, except for hospitalizations related to 323 

subsequent deliveries. We found no differences in risk for future hospitalization when 324 

comparing those who gave birth to those who did not. Thus, giving birth does not have to be 325 

associated with subsequent health problems. The fact that we found no differences in future 326 

hospitalization between those who gave birth and not, may have different explanations. As 327 

mentioned above, one could expect that there is a health selection, where women who do not 328 

give birth may have worse health and choose not to have or cannot have a child. Also, giving 329 

birth is in itself a risk factor for future morbidity. Further, we know that, during the last 330 

decades, the number of women who voluntarily do not want to become parents has increased 331 

worldwide
57

. 332 
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Hospitalization prior to the first childbirth or equivalent (T0) was a risk factor for future SA 333 

for all women, regardless of childbirth status. In particular, women who had been hospitalized 334 

both before and after T0 were at risk for future SA. Furthermore, we found an association 335 

between hospitalization and future longer SA spells. 336 

When comparing women who gave birth to those who did not, with respect to exposure to 337 

hospitalization and risk of SA, mothers hospitalized at least once after the first childbirth had 338 

slightly higher risk for future SA regardless of duration, whereas those who did not give birth 339 

hospitalized after T0 had higher risk for long-term SA. 340 

Hospitalization both before and after the year T0 seems to be the strongest indicator, i.e., 341 

these individuals had the highest risk for future SA. Consequently, the women who had been 342 

hospitalized both before and after T0 had the highest risk for future SA. Our analyses of 343 

women who gave birth revealed a graded association between hospitalization and SA, where 344 

those who only were hospitalized before or after their first childbirth had a higher risk of SA, 345 

whereas those who were hospitalized both before and after the first childbirth had even higher 346 

risks. Thus, we found a strong association between morbidity, here measured as 347 

hospitalization, and future SA among women who have given birth– an association that often 348 

has been question regarding women with children
12

.  349 

Familial factors seemed to contribute to the association between hospitalization before and 350 

after T0 among those who did not give birth. The influence of familial factors may relate to 351 

morbidity among women not giving birth – morbidity that might be more severe and 352 

potentially also being relatively strongly influenced by genetics. Familial factors also played a 353 

role in the associations between hospitalization and future long-term SA. This could be 354 

related to the fact that the hospitalization usually is required for severe conditions that may 355 

have a strong genetic component. However, since genetics have been shown to influence the 356 

risk of DP 
58

, and some indications exist that genetics also play a role in long-term SA and 357 
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mortality, it can be suspected that the effects of familial factors on SA can be either direct or 358 

through other influential factors. 359 

 360 

Strengths and limitations 361 

The strengths of this study are the population-based prospective cohort study design, 362 

including all in the study population, not a sample, using nationwide registers with high 363 

completeness and validity 
40-42

. Further, we used a large study cohort without loss to follow 364 

up. With a twin study design, we were able to take familial influences into account. When 365 

measuring both exposure and outcome with register-based data, we avoid problem with recall 366 

bias.  367 

This study has, however, some limitations. First of all, we do not know whether the women 368 

who did not give birth were childless voluntarily or not. Differences in health between 369 

voluntary and involuntary childlessness have been shown, where voluntarily childless women 370 

showed higher levels of overall well-being 
57 59

 which might be related to hospitalization 371 

and/or SA. Another limitation is that the terms for inpatient care have changed during the 372 

studied period. In Sweden, inpatient care has to a great extent been replaced by outpatient 373 

treatment. Therefore, some of the decrease in hospitalization over the years is a result of a 374 

shift in the responsibility for inpatient care from hospitals to outpatient care facilities 
60

, 375 

however, this affected all women equally, and is to some extent handled by adjusting for birth 376 

year. The CIs are wider in the years far from T0, e.g., T6, due to fewer follow up year for some 377 

– e.g., for those who gave birth late during the studied period. 378 

It is important to be aware of that giving birth is in focus here, irrespective of whether the 379 

child survived or not. Some of the women who did not give birth might be mothers, e.g., due 380 

to adoption. Other studies in this area has ‘being mother’ or ‘living with child’ as exposure 381 

term, rather than ‘giving birth’. 382 
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 383 

Conclusion 384 

Women giving birth did not have a higher future SA risk than those not giving birth and 385 

results indicate a positive health selection into giving birth. Mothers with different types of 386 

morbidity, in terms of hospitalization before and/or after giving birth had higher risks for 387 

future SA. Most women had no SA in the six years following childbirth and those who had 388 

SA generally had that for shorter periods. Among the few women who had severe morbidity, 389 

in terms of hospitalization, the future risk for SA was, as expected, higher. Hospitalization 390 

prior to T0 was strongly associated with later hospitalization and later SA. The high levels of 391 

inpatient care in women who did not give birth suggest that there is a health selection in 392 

giving birth, where the women who give birth have a better health initially. However, most 393 

women had no hospitalization and no SA.  394 
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Suggested figures and tables 565 

Figure 1. Flow chart for the study population 566 

 567 

 568 

 569 
Figure 2. Average annual number of days on sickness absence (SA) and hospitalization, respectively, 570 
(with 95% CI), six years prior through six year after T0 for women who gave birth/did not give birth 571 
(n=5  118). 572 

 573 
 574 
 575 

 576 
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Table 1. Cohort characteristics for twins (women with twin sister) born in Sweden 1959-1990 (excluding 
those who gave birth before age 16 and those who died before age 16), where at least one in the pair had 
their first childbirth 1994-2009 and none before 1994. T0 is defined as year for first childbirth for women 
who gave birth, and year of twin sister's childbirth for those who did not give birth. 

Variables 
Both gave 

birth 

Twin pairs where only one in the pair gave birth 

Total Twin 1 (gave birth) Twin 2 (did not give birth) 

N 2 792 1 163 1 163 5 118 

          

Number of deliveries         

   One delivery 711 (25%) 501 (43%)     

   Two or more deliveries 2 081 (75%) 662 (57%)     

          

Age at T0         

   16-19 years 47 (2%) 33 (21%)     

   20-24 years 511 (18%) 239 (21%)     

   25-29 years 1 150 (41%) 444 (38%)     

   30-34 years 847 (30%) 323 (28%)     

   35-39 years 207 (7%) 109 (9%)     

   <40 years 30 (1%) 15 (1%)     

          

Zygosity         

   Monozygotic 1 726 (62%) 608 (52%) 608 (52%) 2 942 (57%) 

   Dizygotic 1 066 (38%) 555 (48%) 555 (48%) 2 176 (43%) 

          

Highest attained education
1
         

   ≤ 9 year 179 (6%) 74 (6%) 55 (5%) 308 (6%) 

   10-12 year 1 434 (51%) 608 (52%) 621 (53%) 2 663 (52%) 

   ≥ 13 year 1 173 (42%) 474 (41%) 422 (36%) 2 069 (40%) 

   Information on education missing 6 (0%) 7 (1%) 65 (6%) 78 (2%) 

          

Hospitalization
2
         

- At least one hospitalization during the period six years 
prior through six years after T0 2 161 (77%) 703 (60%) 325 (28%) 3 189 (62%) 

-At least one hospitalization during the period six years prior 
through six years after T0 (excluding hospitalizations with a 
diagnosis for pregnancy, childbirth, and the puerperium) 865 (31%) 315 (27%) 314 (27%) 1 494 (29%) 
- At least one hospitalization during the period six years 
prior through six years after T0 (excluding hospitalizations 
with a diagnosis for pregnancy, and childbirth) 1 183 (42%) 407 (35%) 325 (28%) 1 915 (37%) 
- At least one hospitalization during the period six years 
prior to T0 679 (24%) 251 (22%) 217 (19%) 1 147 (22%) 
- At least one hospitalization during the period six years 
after T0 1 965 (70%) 585 (50%) 168 (14%) 2 718 (53%) 

- At least one hospitalization both before and afterT0 483 (17%) 133 (11%) 60 (5%) 676 (13%) 

Sickness Absence (SA)
3
         

At least one SA spell during the period six years prior 
through six years after T0 1 526 (55%) 530 (46%) 365 (31%) 2 420 (47%) 

At least one SA spell during the period six years prior to T0 690 (25%) 274 (24%) 224 (19%) 1 188 (23%) 

At least one SA spell during the period six years after T0 1 245 (45%) 382 (33%) 221 (19%) 1 848 (36%) 
1 At time of T0 
2 Excluding hospitalizations occurring during T0 
3 Excluding SA spells occurring during T0 
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Table 2. Cox proportional hazard ratios (HR) with 95% CI for the association between childbirth and hospitalization in twins where at least one in the pair had 
her first childbirth 1994-2009 and none before 1994. 

Status childbirth and hospitalization All diagnoses 
Diagnoses related to pregnancy,  

childbirth and the puerperium excluded
1
 

  
Model a

6
 Model b

7
 

Discordant 
twin pairs

2, 7
 Model a

6
 Model b

7
 

Discordant 
twin pairs

3, 7
 

All women (n=5 118) 
     

No childbirth, no hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization before T0
8 2.5 (1.7-3.6) 2.3 (1.6-3.3) 2.4 (1.3-4.5) 2.7 (1.8-3.9) 2.3 (1.6-3.4) 1.2 (0.8-1.9) 

Childbirth, no hospitalization before T0
8 6.1(5.0-7.5) 5.5 (4.5-6.8) 8.3 (5.8-11.8) 1.1 (0.8-1.3) 0.9 (0.7-1.2) 0.9 (0.7-1.1) 

Childbirth, hospitalization before T0
8 6.5 (5.2-8.1) 5.6 (4.4-7.1) 7.9 (5.4-11.5) 1.9 (1.4-2.5) 1.4 (1.1-1.9) 0.9 (0.7-1.2) 

       

 
Model a

6
 Model b

7
 

Discordant 
twin pairs

4, 7
 

Model a
6
 Model b

7
 

Discordant 
twin pairs

5, 7
 

Women who had at least one childbirth (n=2 792)  
    

No hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
8 1.0 (0.9-1.2) 1.0 (0.9-1.1) 1.0 (0.8-1.2) 1.7 (1.3-2.3) 1.5 (1.2-2.0) 1.0 (0.8-1.3) 

1 Diagnoses O00-O99 
2 Twin pairs where one had a hospitalization during the follow-up and the other not (n=1 016 pairs) 
3 Twin pairs where one had a hospitalization during the follow-up and the other not (n=456 pairs) 
4 Twin pairs (both giving birth) where one having had a hospitalization during the follow-up and the other not (n=508 pairs) 
5 Twin pairs (both giving birth) with one had a hospitalization during the follow-up and the other not (n=271 pairs) 
6 Adjusted for birth year 
7 Model a, and additional adjustments for delivery year, and educational level 
8 During the period 1-5 years prior to T0 
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Table 3. Cox proportional HR with 95% CI for the association between childbirth, hospitalization and sickness absence (SA), in twins where at least one in the 
pair had their first childbirth 1994-2009. 

Status childbirth and hospitalization 
SA (at least one day) Long-term SA (>90 days) 

Model a
5
 Model b

6
 Model c

7
 
Discordant twin 

pairs
1, 7
 Model a

5
 Model b

6
 Model c

7
 

Discordant 
twin pairs

2, 7
 

All women (n=5 118)         

No childbirth, no hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization year 1-2 after T0
8 2.7 (1.8-4.1) 2.2 (1.5-3.4) 2.1 (1.4-3.2) 1.5 (0.8-2.9) 4.5 (2.5-8.2) 3.5 (1.9-6.2) 2.8 (1.5-5.1) 1.1 (0.5-2.3) 

Childbirth, no hospitalization year 1-2 after T0
8 2.1 (1.8-2.5) 1.8 (1.5-2.2) 1.8 (1.5-2.2) 1.7 (1.3-2.2) 1.1 (0.8-1.6) 1.0 (0.7-1.4) 1.0 (0.7-1.3) 0.8 (0.6-1.2) 

Childbirth, hospitalization year 1-2 after T0
8 3.0 (2.5-3.6) 2.4 (2.0-2.9) 2.4 (2.0-2.9) 2.0 (1.5-2.6) 2.3 (1.6-3.2) 1.8 (1.3-2.5) 1.8 (1.3-2.5) 1.0 (0.7-1.5) 

         

Women who had at least one childbirth  
(n=2 792)  Model a

5
 Model b

6 Model c
7 
Discordant twin 

pairs
3, 5 Model a

5 Model b
6 Model c

7 
Discordant 

twin pairs
4, 7 

No hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization year 1-2 after T0
8 1.3 (1.2-1.5) 1.3 (1.1-1.4) 1.2 (1.1-1.4) 1.2 (1.0-1.5) 2.0 (1.5-2.6) 1.9 (1.4-2.5) 1.8 (1.4-2.4) 1.4 (1.0-1.9) 

1 Twin pairs where one had a SA spell during the follow-up and the other not (n=835 pairs) 
2 Twin pairs where one had a long-term SA spell during the follow-up and the other not (n=277 pairs) 
3 Twin pairs where one had a SA spell during the follow-up and the other not (n=542 pairs) 
4 Twin pairs where one had a long-term SA spell during the follow-up and the other not (n=184 pairs) 
5 Adjusted for birth year 
6 Model a, and additional adjustments for delivery year, and educational level 
7 Model b, and additional adjustments for earlier hospitalization 
8 Diagnoses O00-O99 excluded 

 

Table 4. Cox proportional HR with 95% CI for the association between hospitalization before and after first childbirth, and sickness absence (SA), in twins who 
had their first childbirth 1994-2009 (n=2 792). 

Status hospitalization before and after childbirth  SA (at least one day)  Long-term SA (>90 days) 

  
Model a

3
 Model b

4
 Model c

5
 Discordant 
twin pairs

1, 4
 

Model a
3
 Model b

4
 Model c

5
 Discordant 
twin pairs

2, 4
 

No hospitalization either before T0
6 or during year 1-2 after T0

7 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
6 but not during year 1-2 after T0

7 1.2 (1.0-1.5) 1.2 (1.0-1.4) 1.2 (1.0-1.4) 1.0 (0.8-1.3) 2.3 (1.6-3.4) 2.1 (1.5-3.1) 2.2 (1.5-3.1) 1.2 (0.8-1.7) 

No hospitalization before T0
6 but during year 1-2 after T0

7 1.2 (1.1-1.4) 1.2 (1.0-1.4) 1.1 (0.9-1.2) 1.1 (0.9-1.4) 2.0 (1.5-2.8) 1.9 (1.4-2.7) 1.9 (1.4-2.7) 1.4 (1.0-2.1) 

Hospitalization before T0
6 and during year 1-2 after T0

7 2.0 (1.6-2.5) 1.8 (1.4-2.2) 1.6 (1.3-2.1) 1.6 (1.1-2.2) 4.2 (2.7-6.4) 3.5 (2.3-5.3) 3.5 (2.3-5.4) 1.5 (0.9-2.4) 
1 Twin pairs where one had an SA spell during the follow-up and the other not (n=542) 
2 Twin pairs where one had a long-term SA spell during the follow-up and the other not (n=184) 
3 Adjusted for birth year 
4 Model a, and additional adjustments for delivery year, and educational level 
5 Model b, and additional adjustments for subsequent deliveries 
6 During the period 1-5 years prior to T0 

7 Diagnoses O00-O99 excluded 
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Abstract 25 

Objective: To investigate associations of giving birth with morbidity in terms of 26 

hospitalization and social consequences of morbidity in terms of sickness absence (SA), while 27 

taking familial (genetics and shared environmental) factors into account. 28 

Design: Prospective register-based cohort study. Estimates of risk of hospitalization and SA 29 

were calculated as hazard ratios (HR) with 95% confidence intervals (CI). 30 

Setting: All female twins, i.e., women with twin sister, born in Sweden. 31 

Participants: 5118 Swedish female twins (women with twin sister), born 1959-1990, where 32 

at least one in the twin pair had their first childbirth (T0) 1994-2009 and none gave birth 33 

before 1994. 34 

Main outcome measures: Hospitalization and SA during year 3-5 after first delivery or 35 

equivalent. 36 

Results: Preceding the first childbirth, the mean annual number of SA days increased for 37 

mothers, and then decreased again. Hospitalization after T0 was associated with higher HRs of 38 

short-term and long-term SA (HR for short-term SA: 3.0; 95% CI 2.5-3.6 and for long-term 39 

SA: 2.3; 95% CI 1.6-3.2). Hospitalization both before and after first childbirth was associated 40 

with a higher risk of future SA (HR for long-term SA: 4.2; 95% CI 2.7-6.4). Familial factors 41 

influenced the association between hospitalization and long-term SA, regardless of childbirth 42 

status. 43 

Conclusion: Women giving birth did not have a higher risk for SA than those not giving birth 44 

and results indicate a positive health selection into giving birth. Mothers hospitalized before 45 

and/or after giving birth had higher risks for future SA, that is, there was a strong association 46 

between morbidity and future SA. 47 

Keywords: sick leave, childbirth, inpatient care, hospitalization, cohort study, population 48 

based, twins 49 
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Article Summary 51 

Article focus: 52 

To investigate associations of giving birth with morbidity in terms of hospitalization and 53 

social consequences of morbidity in terms of sickness absence (SA), while taking familial 54 

(genetics and shared environmental) factors into account.  55 

Key messages: 56 

- Women giving birth did not have a higher future SA risk than those not giving birth 57 

and results indicate a positive health selection into giving birth 58 

- The high levels of inpatient care in women who did not give birth suggest that there is 59 

a health selection in giving birth, where the women who give birth have a better health 60 

initially 61 

Strengths and limitations: 62 

- The strengths of the study include the population-based prospective design, using 63 

national registers with high completeness and validity 64 

- With a twin study design, we were able to take familial influences into account 65 

- As inpatient care to a great extent has been replaced by outpatient treatment, some of 66 

the decrease in hospitalization over the years is a result of a shift in the responsibility 67 

for inpatient care from hospitals to outpatient care facilities 68 

 69 
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Introduction 71 

In most countries with high labor force participation, women have higher levels of sickness 72 

absence (SA) than men 
1-4

. Many theories and mechanism regarding this have been suggested, 73 

e.g., women having higher morbidity, higher workload (when combining paid and unpaid 74 

work), tougher situation on the labor market, men being the norm for how the labor market is 75 

organized, gender bias in healthcare and social insurance systems, discrimination, and 76 

domestic violence, etcetera 
5-9

. Another hypothesis behind this gender difference in SA 77 

focuses on SA during pregnancy and after childbirth 
6 10-13

. Several studies show that women 78 

have higher SA during pregnancy 
10 14

 and that pregnancy-related SA explains half of the 79 

gender differences in SA in fertile ages 
15

.  80 

One of the changes in society that may affect health after childbirth is that the mean age for 81 

having the first child has increased over the last years and that women with higher level of 82 

morbidity now give birth. Further, nowadays, the proportion of caesarean sections has 83 

increased as well as vacuum extraction deliveries, leading to risk of later health problems 
16 17

. 84 

In this study, focus is on childbirth, morbidity, and SA among women, to get a better 85 

understanding of mechanisms behind SA among women in fertile ages. There are hardly any 86 

studies on the associations between giving birth and morbidity and SA, and those conducted 87 

have focused on a relatively short time period right after childbirth, most often within the first 88 

year following the child delivery 
18 19

, while prospective studies with longer follow-up of 89 

mothers are rare 
6 12 20

.   90 

Pregnancy, delivery, and the postpartum period may imply large physical, mental, and 91 

social changes during a short period of time, increasing the risk for disease and injury 
21 22

. 92 

Different types of physical and mental disorders are common during pregnancy and after 93 

childbirth – and can in some cases be longstanding or even permanent – however, this is 94 

hardly studied at all 
19

. Giving birth may be associated with a higher risk of certain diseases 95 

demanding hospitalization, such as cardiovascular diseases, musculoskeletal diseases, mental 96 
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disorders, and different types of injuries 
23-26

. For women with a disease present before the 97 

childbirth, the disorder might deteriorate after childbirth 
23 24

. Regarding symptoms related to 98 

childbirth, high prevalence has been shown six months after childbirth for e.g., low back pain, 99 

fatigue, headache, and sleep disorders 
19 27

. Most of these symptoms seem to remain up to one 100 

year after childbirth 
17

. Besides physical health effects, also depression and other mental 101 

disorders have been linked to childbirth 
26 28

, but again, prospective studies with longer 102 

follow-up are lacking 
27

. Even though having children has been shown to contribute to an 103 

overall wellbeing, this is not the case for everybody and especially not among single mothers 104 

whose economic situation and thereby possibilities for good health care might be worse 
29-31

.  105 

Morbidity can be measured in different ways, e.g., through self-reports and visits to 106 

healthcare. Here we will use data on more severe morbidity that involves assessments from 107 

physicians, that is, morbidity that has led to hospitalization, a measure so far not used in this 108 

type of studies. Sickness absence is not a good measure of morbidity– most people with 109 

morbidity are not on SA 
4
. Instead SA is considered a very good measure of social 110 

consequences of morbidity, in terms of not being able to support yourself from work 
4
. Yet, 111 

there are surprisingly few studies on the association between morbidity and SA and in media 112 

sometimes even the level of morbidity among sickness absentees even is questioned. 113 

Studies examining the role of familial factors (i.e. genetic and shared (mainly childhood) 114 

environment) on morbidity have shown that genetics tends to explain a moderate to large 115 

extent of the variability in most of the chronic diseases 
32 33

. For example, heritability for 116 

mental disorders varies between 30-90% 
34

, whereas genetic factors have been shown to 117 

explain 30-60% of the total variation in musculoskeletal disorders 
35 36

. Taken together, 118 

familial factors are important to account for when studying the association between morbidity 119 

(here in terms of hospitalization) and SA as studies otherwise could lead to erroneous 120 

conclusions. Twin settings provide a powerful tool for studies of these aspects in research of 121 
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SA, a research area where different selection biases otherwise might have an impact on 122 

results. Twins in a pair are optimally matched on genetic (100% for MZ pairs and on average 123 

50% for DZ pairs) and common environmental factors through childhood (100% for both MZ 124 

and DZ twin pairs when reared together) in addition to age and sex (for the same-sexed pairs). 125 

An experimental design, which can control for these familial influences, is to examine 126 

discordant twin sisters, that is, where one twin sister has given birth and the other has not. If 127 

discordant twin sisters show similar associations as the analyses of the whole cohort, this 128 

would indicate that the childbirth may actually be a contributing cause of the future SA. If 129 

instead the association found among the whole cohort cannot be replicated within discordant 130 

twin sisters, then familial factors are of importance. Influence of familial factors (genetic and 131 

common environment) is indicated if the association found in the analyses of the whole cohort 132 

disappear or change considerably in the analyses of discordant twin pairs 
37

. 133 

 134 

The aim of the study was to investigate the associations of giving birth with subsequent 135 

morbidity in terms of hospitalization and SA. Familial factors (genetics and shared/early 136 

environmental) were taken into account in order to assess if familial factors explain a 137 

potential association between childbirth and future hospitalization and SA. 138 

  139 
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Methods 140 

Participants and data sources 141 

We performed a prospective population-based cohort study of female twins. All female twins, 142 

i.e., women with a twin sister, born in Sweden between 1959 and 1990 were selected from the 143 

Swedish Twin Registry (STR) 
38

. After excluding women who delivered their first child 144 

before 1994 or whose twin sister had her first delivery before 1994, and twins where none in 145 

the pair had their first delivery between 1994 and 2009 (n=7 304), the final cohort comprised 146 

5 118 women of which 95% had income from work, the others had income from parental 147 

benefits, unemployment benefits, student benefits, different types of sickness benefits, or a 148 

mixture of those (in the year prior to the birth year, i.e., T(-1). All had some of those types of 149 

income, all granting rights to SA benefits. The Swedish Twin Registry (STR) is the largest 150 

population-based register of twin births in the world, with information such as birth date, sex, 151 

zygosity, and pair identification 
38 39

. The selection of the study population is illustrated in 152 

Figure 1.  153 

The unique personal identity number assigned to each Swedish resident 
40

 was used to link 154 

information from several nationwide population-based registers at an individual level up 155 

through 2009, as follows. The Causes of Death Register was used to obtain information on 156 

date of death 
41

. This register contains information on all deceased Swedish residents since 157 

1952. Information on all deliveries (including still births) was derived from the Medical Birth 158 

Register, which was established in 1973 and includes information on almost all births in 159 

Sweden 
42

. In order to increase the coverage on delivery, we also used the National Patient 160 

Register (NPR) to obtain information on all deliveries. This register was founded in 1964 and 161 

includes all individuals admitted to any psychiatric or general hospital 
43

. Information on 162 

hospitalization with a principal diagnosis for delivery (as defined by the International 163 

Classification of Disease (ICD): ICD-9: 650, 651.9, 652.2, 669.5-8; and ICD-10: O80-84) was 164 

obtained. The NPR was also used to obtain annual information on other hospitalizations, i.e., 165 
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inpatient care. Annual information on educational level and on SA days was obtained from 166 

Statistics Sweden. 167 

 168 

Time in relation to childbirth 169 

The studied women were followed in relation to year of first childbirth, referred to as T0. In 170 

order to compare those who gave birth to those who did not, T0 for the women who did not 171 

give birth was defined as year of her twin sister’s first childbirth. 172 

 173 

Hospitalization 174 

Data on hospitalization covered the period six years prior to, and six years after year of first 175 

childbirth (T0) or equivalent. For descriptive purposes, the total and the average number of 176 

hospitalization days per year were calculated. 177 

In order to examine if hospitalization prior to (or after) childbirth increases the risk for future 178 

hospitalization, the first part of the regression analyses considered hospitalization as both 179 

exposure and outcome. We created one dichotomous variable for hospitalization before T0 180 

(i.e., exposure), and two dichotomous outcome variables for hospitalization during year 3-5 181 

after T0: one for hospitalization with any diagnosis and one excluding hospitalization with 182 

diagnoses related to pregnancy, childbirth, and the postpartum period. 183 

In order to answer the research question "Does hospitalization prior to (or after) childbirth 184 

increase the risk for future SA?", we created two dichotomous hospitalization exposure 185 

variables: one for hospitalization before T0 and one variable: hospitalization year 1-2 after T0 186 

(excluding diagnoses related to pregnancy, childbirth, and the postpartum period). 187 

 188 

Sickness absence 189 

Page 9 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

10 
 

SA can be measured in several ways, related to duration and incidence 
44

. Here we used the 190 

following four measures: total and average number of SA days per year; number of SA days 191 

during year 3-5 after T0; and  number of SA days >90 sick-leave days during year 3-5 after 192 

T0. 193 

Sickness insurance in Sweden 194 

In Sweden, all residents aged 16-65 years who have income from work, unemployment 195 

benefits, parental benefits, or student benefits are entitled to sickness benefits from the 196 

Swedish Social Insurance Agency, if unable to work due to disease or injury. Among 197 

employed individuals, sick pay was in most cases paid by the employer during the first 14 198 

days of a sick-leave spell, which means that we do not have data on most of the short sick-199 

leave spells. In most of the years studied, there was no limitation to duration of a sick-leave 200 

spell. Sickness benefits covered 80% of lost income, up to a certain level. All were covered by 201 

a health care insurance covering the right to hospital care when needed, at a much reduced 202 

cost, less than 10 Euros a day. Care during pregnancy and delivery was free. 203 

 204 

Potential confounding factor 205 

As research has shown socioeconomic disparities in age at first birth (e.g., the higher the 206 

education, the later the first birth) 
45 46

, we adjusted for educational level at T0. Years of 207 

education was classified into four categories; <9 years of compulsory school, 10-12 years of 208 

education (senior high school), ≥13years of education (college/university), missing. 209 

 210 

Statistical analysis 211 

First, Cox proportional hazard models with constant time-at-risk 
47

 were applied to estimate 212 

hazard ratios (HR) with 95% confidence intervals (CI) for having at least one hospitalization 213 

after childbirth (T0). In a first model (model a), adjustments were made for age. Second 214 
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(model b), additional adjustments were made for delivery year and educational level at time of 215 

T0. Thereafter, twin pairs who were discordant with respect to outcomes, i.e., having at least 216 

one hospitalization after T0, were analyzed using Conditional Cox regression. In the next step, 217 

we analyzed the associations between childbirth, hospitalization, and SA by fitting three Cox 218 

regression models (table 3). The first (model a) was adjusted for birth year. In the second 219 

model (model b), additional adjustments were made for delivery year and educational level at 220 

time of T0. In the third model (model c), previous hospitalization was included. Thereafter, 221 

twin pairs who were discordant (Conditional Cox regression) with respect to outcomes i.e., 222 

having had SA or long-term SA (>90 days) were analyzed.  223 

Finally, in the step where we analyzed the association between hospitalization before and 224 

after first childbirth, and subsequent SA (table 4), we adopted the first two models (model a-225 

b) from table 3. In a third model (model c), we fitted an additional model in which 226 

adjustments were made for subsequent deliveries.  227 

The proportional hazards assumption was checked by including time-dependent versions of 228 

all the covariates in the models. This did not indicate a violation of the proportionality 229 

assumption. 230 

All statistical analyses were performed with SAS 9.3 and STATA 12.1.  231 

The STROBE checklist was used in designing and reporting the study. 232 

The project was approved by the Regional Ethical Review Board of Stockholm. 233 
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Results 234 

Of the 5 118 women included in the study, 77% had given birth at least once between 1994 235 

and 2009 (Table 1). Of these women, nearly 70% also had given birth later, at least once. A 236 

majority of the women who gave birth had their first delivery before the age of 30 (61%). The 237 

educational level distribution was rather similar when comparing those who gave birth to 238 

those who did not. When hospitalizations with diagnoses for pregnancy and childbirth were 239 

excluded, 30% of the women, i.e., the 1 183 where both in a pair gave birth and the 407 twins 240 

where only one in the pair gave birth had at least one hospitalization during the period six 241 

years prior to and six years after their first delivery (the delivery year excluded). The 242 

corresponding rate for the women who had not given birth was 27%. Half of the women who 243 

gave birth had at least one day of SA during the period six years prior to or the six years after 244 

first delivery, when the year for childbirth was excluded. The majority of the women had no 245 

SA at all in the six years following childbirth. 246 

The average annual number of days with inpatient care and SA, respectively, is presented in 247 

Figure 2. Up to year T0, women who did not give birth had a higher average number of 248 

hospitalization days and SA days compared to those who gave birth. Women who gave birth 249 

had approximately 0.3 hospitalization days per year whereas those who did not give birth had 250 

around 0.5 hospitalization days per year. The average number of SA days for women giving 251 

birth was 3.8 days/year and for those not giving birth 5.0 days/year. SA differences between 252 

those giving birth and women not giving birth were statistically significant with the exception 253 

of year (-4) and (-3). For inpatient care, the differences between those giving birth and women 254 

not giving birth were not statistically significant. The average number of inpatient days 255 

increased rapidly during T0 for women who gave birth, especially because of hospitalization 256 

due to pregnancy and childbirth. After T0, the number of SA days decreased quickly among 257 

these women. For women who gave birth, days with inpatient care and SA the years following 258 

T0 were to a large extent associated with subsequent childbirths. 259 
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Table 2 presents HR for the association between childbirth and hospitalization, for all 260 

diagnoses and for diagnoses where those related to pregnancy, childbirth, and the postpartum 261 

period were excluded. When these diagnoses were removed, women who did not give birth 262 

and who had been hospitalized at least once before T0 had twice the risk of future 263 

hospitalization compared to those not hospitalized prior to T0 (HR: 2.3; 95% CI 1.6-3.3) after 264 

adjustments for birth year, delivery year, and educational level. The association was explained 265 

by familial factors in the analysis of discordant twin pairs (HR: 1.2; 0.8-1.9). 266 

When restricting the analyses to women who gave birth, a total of 2 792 women were 267 

studied, i.e., 1 396 complete pairs in which both twins had given birth. The reference group 268 

constituted of mothers who had not been hospitalized prior to their first childbirth. Mothers 269 

who had been hospitalized before their first childbirth had a slightly higher HR for future 270 

hospitalization when diagnoses related to pregnancy and childbirth were excluded (HR 1.5; 271 

1.2-2.0). This association disappeared in the analyses of discordant twin pairs, suggesting an 272 

influence of familial factors (HR: 1.0; 0.8-1.3). 273 

Regardless of childbirth status, hospitalization year 1-2 after T0 was a predictor of having a 274 

new SA in year 3-5 after T0 (Table 3). Compared to women who did not give birth and who 275 

were not hospitalized the first two years after T0, mothers hospitalized after first childbirth 276 

had an HR of 2.4 (2.0-2.9) for a new SA after adjustments for birth year, delivery year, and 277 

educational level. Hospitalization after T0 was also associated with a new long-term SA (>90 278 

days) in year 3-5 after T0 (Table 3). Women who did not give birth had a nearly three-fold 279 

risk of a new long-term SA year 3-5 after T0 (HR 2.8; 1.5-5.1), whereas women who gave 280 

birth had an HR of 1.8 (1.3-2.5). The analyses of twin pairs discordant for having a new long-281 

term SA year 3-5 after T0, showed attenuated point estimates, hence suggesting that familial 282 

effects may play a role. 283 

Page 13 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

14 
 

The analyses, in which we considered hospitalization before and after first childbirth as 284 

exposure, and outcome was a new SA year 3-5 after T0  (Table 4) show that mothers who had 285 

been hospitalized at least once both before and after their first child birth had a higher risk of 286 

future SA (HR 1.8; 1.4-2.2). These women also had a higher risk of long-term SA; however, 287 

these risk estimates were not statistically significant. After controlling for familial 288 

confounding, the estimated risk for long-term SA for those who had been hospitalized before 289 

T0 was in the same direction but the HR was reduced, which suggest that also familial factors 290 

may have an influence on the studied association.  291 
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Discussion 292 

In this register study of a population-based Swedish cohort of female twins born between 293 

1959 and 1990, the associations of delivery with hospitalization and SA were examined as 294 

well as whether familial (i.e., genetic and shared, mainly childhood, environmental) factors 295 

were contributing to these associations. Just before the first childbirth, the SA days increased 296 

much for mothers, an increase that gradually decreased during the years after the delivery. We 297 

found hospitalization prior to T0 to be a risk factor for future hospitalization, regardless of 298 

childbirth status, also when excluding hospitalization due to childbirth. Furthermore, 299 

hospitalization after the first childbirth was associated with a higher HR of both short-term 300 

and long-term future SA. An additional analysis focusing solely on the women who gave birth 301 

showed that hospitalization both before and after the first childbirth was associated with a 302 

higher risk of future SA. Familial factors seemed to have an influence on the association 303 

between hospitalization and long-term SA, regardless of childbirth status. 304 

In line with some previous studies 
10 20 48 49

, we found that SA increased in women during 305 

the time before the first childbirth. Giving birth was also associated with a future somewhat 306 

higher risk for SA, in line with that of those not giving birth. However, this higher risk could 307 

be due to subsequent pregnancies. A recent Norwegian study found that the increased SA risk 308 

in women in the years after pregnancy disappeared when SA during subsequent pregnancies 309 

were accounted for 
20

. Several explanations have been suggested for such higher levels of SA, 310 

among others the double burden hypothesis 
20 50-52

. This hypothesis has been questioned, as 311 

research has indeed shown that women who occupy multiple roles tend to be healthier than 312 

those who enact fewer roles 
53-55

. Thus, the combination of employment and parenthood does 313 

not seem to imply worse health, on the contrary. In our study, the annual rates of SA 314 

decreased steadily after the first childbirth, speaking in favor of this hypothesis. Further 315 

studies of this are warranted. 316 
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To our best knowledge, this is the first study to examine long-term associations between 317 

childbirth, hospitalization and both short- and long-term SA. Women who gave birth did not 318 

have a higher risk for long-term SA nor for hospitalization (besides hospitalization due to 319 

subsequent pregnancy and childbirth) when compared to women who did not give birth.   320 

Those who did not give birth had a more stable pattern of SA during the studied period, 321 

however, with a slight increase in annual SA days over the years. This is in line with a 322 

Swedish study examining whether family obligations influence the risk of SA in publicly 323 

employed women and found a slight risk increase for SA among women without children 
56

. 324 

Further, a broad systematic literature review published in 2004 provided no evidence of an 325 

association between having children in the household and an increased risk of SA 
57

. It is 326 

important to consider family situation when examining the association between having 327 

children and morbidity, as single women with children have been shown to have worse health 328 

30 31 58
 and higher levels of SA 

6 56
. 329 

Even though pregnancy, delivery, and the postpartum period may increase the risk for 330 

disease and injury 
25 27

, our findings do not suggest that women who gave birth are more 331 

likely to be hospitalized after their first childbirth, except for hospitalizations related to 332 

subsequent deliveries. We found no differences in risk for future hospitalization when 333 

comparing those who gave birth to those who did not. Thus, giving birth does not have to be 334 

associated with subsequent health problems. The fact that we found no differences in future 335 

hospitalization between those who gave birth and those who did not, may have different 336 

explanations. As mentioned above, one could expect that there is a health selection, where 337 

women who do not give birth may have worse health and choose not to have or cannot have a 338 

child. Also, giving birth is in itself a risk factor for future morbidity
16 19 22

. Further, during the 339 

last decades, the number of women who voluntarily do not want to become parents has 340 

increased worldwide
59

. 341 
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Hospitalization prior to the first childbirth or equivalent (T0) was a risk factor for future SA 342 

for all women, regardless of childbirth status. In particular, women who had been hospitalized 343 

both before and after T0 were at risk for future SA. Furthermore, we found an association 344 

between hospitalization and future long-term SA. 345 

When comparing women who gave birth to those who did not, with respect to exposure to 346 

hospitalization and risk of SA, mothers hospitalized at least once after the first childbirth had 347 

slightly higher risk for future SA regardless of duration, whereas those who did not give birth 348 

hospitalized after T0 had higher risk for long-term SA. 349 

Hospitalization both before and after the year T0 seems to be the strongest indicator, i.e., 350 

these individuals had the highest risk for future SA. Consequently, the women who had been 351 

hospitalized both before and after T0 had the highest risk for future SA. Our analyses of 352 

women who gave birth revealed a graded association between hospitalization and SA, where 353 

those who only were hospitalized before or after their first childbirth had a higher risk of SA, 354 

whereas those who were hospitalized both before and after the first childbirth had even higher 355 

risks. Thus, we found a strong association between morbidity, here measured as 356 

hospitalization, and future SA among women who have given birth – an association that often 357 

has been question regarding women with children 
12

.  358 

Familial factors seemed to contribute to the association between hospitalization before and 359 

after T0 among those who did not give birth. The influence of familial factors may relate to 360 

morbidity among women not giving birth – morbidity that might be more severe and 361 

potentially also being relatively strongly influenced by genetics. Familial factors also played a 362 

role in the associations between hospitalization and future long-term SA. This could be 363 

related to the fact that the hospitalization usually is required for severe conditions that may 364 

have a strong genetic component. However, since genetics have been shown to influence the 365 

risk of DP 
60

, and some indications exist that genetics also play a role in long-term SA and 366 
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mortality, it can be suspected that the effects of familial factors on SA can be either direct or 367 

through other influential factors. 368 

 369 

Strengths and limitations 370 

The strengths of this study are the population-based prospective cohort study design, 371 

including all in the study population, not a sample, using nationwide registers with high 372 

completeness and validity 
41-43

. Further, we used a large study cohort without loss to follow 373 

up. With a twin study design, we were able to take familial influences into account. When 374 

measuring both exposure and outcome with register-based data, we avoid problem with recall 375 

bias.  376 

This study has, however, some limitations. First of all, we do not know whether the women 377 

who did not give birth were childless voluntarily or not. Differences in health between 378 

voluntary and involuntary childlessness have been shown, where voluntarily childless women 379 

showed higher levels of overall well-being 
59 61

 which might be related to hospitalization 380 

and/or SA. Using inpatient care as a measure of morbidity has both its strengths and 381 

limitations. One limitation is that we thus selected more severe types of morbidity, and hence 382 

that does not include morbidity treated in outpatient care. Having had also other types of 383 

morbidity data might have given another picture and hopefully future studies will have such 384 

information. Another limitation is that the terms for inpatient care have changed during the 385 

studied period. In Sweden, inpatient care has over the years to a great extent been replaced by 386 

outpatient treatment. Therefore, some of the decrease in hospitalization over the years is a 387 

result of a shift in the responsibility for inpatient care from hospitals to outpatient care 388 

facilities 
62

, however, this affected all women equally, and is to some extent handled by 389 

adjusting for birth year. The CIs are wider in the years far from T0, e.g., T6, due to fewer 390 

follow up year for some – e.g., for those who gave birth late during the studied period. Also, 391 
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we lack information on the shorter SA spells among those employed. Further, the Swedish 392 

Twin Registry (STR) contains all twin births in Sweden; hence, immigrants are not included 393 

in this study and as a consequence the external validity might be lower to women born outside 394 

of Sweden. 395 

It is important to be aware of that giving birth is in focus here, irrespective of whether the 396 

child survived or not. Some of the women who did not give birth might be mothers, e.g., due 397 

to adoption. Other studies in this area has ‘being mother’ or ‘living with child’ as exposure 398 

term, rather than ‘giving birth’. 399 

 400 

Conclusion 401 

Women giving birth did not have a higher future SA risk than those not giving birth and 402 

results indicate a positive health selection into giving birth. Mothers with different types of 403 

morbidity, in terms of hospitalization before and/or after giving birth had higher risks for 404 

future SA. Most women had no SA in the six years following childbirth and those who had 405 

SA generally had that for shorter periods. Among the few women who had severe morbidity, 406 

in terms of hospitalization, the future risk for SA was, as expected, higher. Hospitalization 407 

prior to T0 was strongly associated with later hospitalization and later SA. The high levels of 408 

inpatient care in women who did not give birth suggest that there is a health selection in 409 

giving birth, where the women who give birth have a better health initially. However, most 410 

women had no hospitalization and no SA.  411 
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Figure legends 440 

Figure 1. Flow chart for the study population. 441 

Figure 2. Average annual number of days on sickness absence (SA) and hospitalization, 442 

respectively, (with 95% CI), six years prior through six year after T0 for women who gave 443 

birth/did not give birth (n=5 118). 444 

 445 
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Table 1. Cohort characteristics for twins (women with twin sister) born in Sweden 1959-1990 (excluding 
those who gave birth before age 16 and those who died before age 16), where at least one in the pair had 
their first childbirth 1994-2009 and none before 1994. T0 is defined as year for first childbirth for women 
who gave birth, and year of twin sister's childbirth for those who did not give birth. 

Variables 
Both gave 

birth 

Twin pairs where only one in the pair gave birth 

Total Twin 1 (gave birth) Twin 2 (did not give birth) 

N 2 792 1 163 1 163 5 118 

          

Number of deliveries         

   One delivery 711 (25%) 501 (43%)     

   Two or more deliveries 2 081 (75%) 662 (57%)     

          

Age at T0         

   16-19 years 47 (2%) 33 (2%)     

   20-24 years 511 (18%) 239 (21%)     

   25-29 years 1 150 (41%) 444 (38%)     

   30-34 years 847 (30%) 323 (28%)     

   35-39 years 207 (7%) 109 (9%)     

   >40 years 30 (1%) 15 (1%)     

          

Zygosity         

   Monozygotic 1 726 (62%) 608 (52%) 608 (52%) 2 942 (57%) 

   Dizygotic 1 066 (38%) 555 (48%) 555 (48%) 2 176 (43%) 

          

Highest attained education
1
         

   ≤ 9 year 179 (6%) 74 (6%) 55 (5%) 308 (6%) 

   10-12 year 1 434 (51%) 608 (52%) 621 (53%) 2 663 (52%) 

   ≥ 13 year 1 173 (42%) 474 (41%) 422 (36%) 2 069 (40%) 

   Information on education missing 6 (0%) 7 (1%) 65 (6%) 78 (2%) 

          

Hospitalization
2
         

- At least one hospitalization during the period six years 
prior through six years after T0 2 161 (77%) 703 (60%) 325 (28%) 3 189 (62%) 

-At least one hospitalization during the period six years prior 
through six years after T0 (excluding hospitalizations with a 
diagnosis for pregnancy, childbirth, and the puerperium) 865 (31%) 315 (27%) 314 (27%) 1 494 (29%) 
- At least one hospitalization during the period six years 
prior through six years after T0 (excluding hospitalizations 
with a diagnosis for pregnancy, and childbirth) 1 183 (42%) 407 (35%) 325 (28%) 1 915 (37%) 
- At least one hospitalization during the period six years 
prior to T0 679 (24%) 251 (22%) 217 (19%) 1 147 (22%) 
- At least one hospitalization during the period six years 
after T0 1 965 (70%) 585 (50%) 168 (14%) 2 718 (53%) 

- At least one hospitalization both before and afterT0 483 (17%) 133 (11%) 60 (5%) 676 (13%) 

Sickness Absence (SA)
3
         

At least one SA during the period six years prior through six 
years after T0 1 526 (55%) 530 (46%) 365 (31%) 2 420 (47%) 

At least one SA during the period six years prior to T0 690 (25%) 274 (24%) 224 (19%) 1 188 (23%) 

At least one SA during the period six years after T0 1 245 (45%) 382 (33%) 221 (19%) 1 848 (36%) 
1 At time of T0 
2 Excluding hospitalizations occurring during T0 
3 Excluding SA occurring during T0 
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Table 2. Cox proportional hazard ratios (HR) with 95% CI for the association between childbirth, hospitalization before T0, and subsequent hospitalization (i.e., 
during year 3-5 after T0) in twins where at least one in the pair had her first childbirth in 1994-2009 and none before 1994, both including and excluding 
hospitalization related to pregnancy, childbirth, and the puerperium. Two models for adjustments as well as for discordant twin pairs. 

Status childbirth and hospitalization All diagnoses 
Diagnoses related to pregnancy, childbirth 

and the puerperium excluded
1
 

  
Model a

6
 Model b

7
 

Discordant 
twin pairs

2, 7
 Model a

6
 Model b

7
 

Discordant 
twin pairs

3, 7
 

All women (n=5 118) 
     

No childbirth, no hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization before T0
8 2.5 (1.7-3.6) 2.3 (1.6-3.3) 2.4 (1.3-4.5) 2.7 (1.8-3.9) 2.3 (1.6-3.4) 1.2 (0.8-1.9) 

Childbirth, no hospitalization before T0
8 6.1(5.0-7.5) 5.5 (4.5-6.8) 8.3 (5.8-11.8) 1.1 (0.8-1.3) 0.9 (0.7-1.2) 0.9 (0.7-1.1) 

Childbirth, hospitalization before T0
8 6.5 (5.2-8.1) 5.6 (4.4-7.1) 7.9 (5.4-11.5) 1.9 (1.4-2.5) 1.4 (1.1-1.9) 0.9 (0.7-1.2) 

       

 
Model a

6
 Model b

7
 

Discordant 
twin pairs

4, 7
 

Model a
6
 Model b

7
 

Discordant 
twin pairs

5, 7
 

Women who had at least one childbirth (n=2 792)  
    

No hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
8 1.0 (0.9-1.2) 1.0 (0.9-1.1) 1.0 (0.8-1.2) 1.7 (1.3-2.3) 1.5 (1.2-2.0) 1.0 (0.8-1.3) 

1 Diagnoses O00-O99 
2 Twin pairs where one had a hospitalization during the follow-up and the other not (n=1 016 pairs) 
3 Twin pairs where one had a hospitalization during the follow-up and the other not (n=456 pairs) 
4 Twin pairs (both giving birth) where one having had a hospitalization during the follow-up and the other not (n=508 pairs) 
5 Twin pairs (both giving birth) with one had a hospitalization during the follow-up and the other not (n=271 pairs) 
6 Adjusted for birth year 
7 Model a, and additional adjustments for delivery year, and educational level 
8 During the period 1-5 years prior to T0 
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Table 3. Cox proportional HR with 95% CI for the association between childbirth, hospitalization, and new sickness absence (SA) in year 3-5 after T0, in twins 
where at least one in the pair had their first childbirth 1994-2009. Three models for adjustments as well as for discordant twin pairs. 

Status childbirth and hospitalization 
SA in year 3-5 after T0 (regardless of number of days) Long-term SA (>90 days) in year 3-5 after T0 

Model a
5
 Model b

6
 Model c

7
 
Discordant twin 

pairs
1, 7
 Model a

5
 Model b

6
 Model c

7
 

Discordant 
twin pairs

2, 7
 

All women (n=5 118)         

No childbirth, no hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization year 1-2 after T0
8 2.7 (1.8-4.1) 2.2 (1.5-3.4) 2.1 (1.4-3.2) 1.5 (0.8-2.9) 4.5 (2.5-8.2) 3.5 (1.9-6.2) 2.8 (1.5-5.1) 1.1 (0.5-2.3) 

Childbirth, no hospitalization year 1-2 after T0
8 2.1 (1.8-2.5) 1.8 (1.5-2.2) 1.8 (1.5-2.2) 1.7 (1.3-2.2) 1.1 (0.8-1.6) 1.0 (0.7-1.4) 1.0 (0.7-1.3) 0.8 (0.6-1.2) 

Childbirth, hospitalization year 1-2 after T0
8 3.0 (2.5-3.6) 2.4 (2.0-2.9) 2.4 (2.0-2.9) 2.0 (1.5-2.6) 2.3 (1.6-3.2) 1.8 (1.3-2.5) 1.8 (1.3-2.5) 1.0 (0.7-1.5) 

         

Women who had at least one childbirth  
(n=2 792)  Model a

5
 Model b

6 Model c
7 
Discordant twin 

pairs
3, 5 Model a

5 Model b
6 Model c

7 
Discordant 

twin pairs
4, 7 

No hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization year 1-2 after T0
8 1.3 (1.2-1.5) 1.3 (1.1-1.4) 1.2 (1.1-1.4) 1.2 (1.0-1.5) 2.0 (1.5-2.6) 1.9 (1.4-2.5) 1.8 (1.4-2.4) 1.4 (1.0-1.9) 

1 Twin pairs where one had a SA during the follow-up and the other not (n=835 pairs) 
2 Twin pairs where one had a long-term SA during the follow-up and the other not (n=277 pairs) 
3 Twin pairs where one had a SA during the follow-up and the other not (n=542 pairs) 
4 Twin pairs where one had a long-term SA during the follow-up and the other not (n=184 pairs) 
5 Adjusted for birth year 
6 Model a, and additional adjustments for delivery year, and educational level 
7 Model b, and additional adjustments for earlier hospitalization 
8 Diagnoses O00-O99 excluded 

 

Table 4. Cox proportional HR with 95% CI for the association between hospitalization before and after first childbirth, and new sickness absence (SA) in year 
3-5 after T0, in twins who had their first childbirth 1994-2009 (n=2 792). Three models for adjustments as well as for discordant twin pairs. 

Status hospitalization before and after childbirth 
 SA in year 3-5  after T0 (regardless 

of number of days) 
 Long-term SA (>90 days) in year 3-5 

after T0 

  
Model a

3
 Model b

4
 Model c

5
 Discordant 
twin pairs

1, 4
 

Model a
3
 Model b

4
 Model c

5
 Discordant 
twin pairs

2, 4
 

No hospitalization either before T0
6 or during year 1-2 after T0

7 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
6 but not during year 1-2 after T0

7 1.2 (1.0-1.5) 1.2 (1.0-1.4) 1.2 (1.0-1.4) 1.0 (0.8-1.3) 2.3 (1.6-3.4) 2.1 (1.5-3.1) 2.2 (1.5-3.1) 1.2 (0.8-1.7) 

No hospitalization before T0
6 but during year 1-2 after T0

7 1.2 (1.1-1.4) 1.2 (1.0-1.4) 1.1 (0.9-1.2) 1.1 (0.9-1.4) 2.0 (1.5-2.8) 1.9 (1.4-2.7) 1.9 (1.4-2.7) 1.4 (1.0-2.1) 

Hospitalization before T0
6 and during year 1-2 after T0

7 2.0 (1.6-2.5) 1.8 (1.4-2.2) 1.6 (1.3-2.1) 1.6 (1.1-2.2) 4.2 (2.7-6.4) 3.5 (2.3-5.3) 3.5 (2.3-5.4) 1.5 (0.9-2.4) 
1 Twin pairs where one had an SA during the follow-up and the other not (n=542) 
2 Twin pairs where one had a long-term SA during the follow-up and the other not (n=184) 
3 Adjusted for birth year 
4 Model a, and additional adjustments for delivery year, and educational level 
5 Model b, and additional adjustments for subsequent deliveries 
6 During the period 1-5 years prior to T0 

7 Diagnoses O00-O99 excluded 
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Abstract 25 

Objective: To investigate associations of giving birth with morbidity in terms of 26 

hospitalization and social consequences of morbidity in terms of sickness absence (SA), while 27 

taking familial (genetics and shared environmental) factors into account. 28 

Design: Prospective register-based cohort study. Estimates of risk of hospitalization and SA 29 

were calculated as hazard ratios (HR) with 95% confidence intervals (CI). 30 

Setting: All female twins, i.e., women with twin sister, born in Sweden. 31 

Participants: 5118 Swedish female twins (women with twin sister), born 1959-1990, where 32 

at least one in the twin pair had their first childbirth (T0) 1994-2009 and none gave birth 33 

before 1994. 34 

Main outcome measures: Hospitalization and SA during year 3-5 after first delivery or 35 

equivalent. 36 

Results: Preceding the first childbirth, the mean annual number of SA days increased for 37 

mothers, and then decreased again. Hospitalization after T0 was associated with higher HRs of 38 

short-term and long-term SA (HR for short-term SA: 3.0; 95% CI 2.5-3.6 and for long-term 39 

SA: 2.3; 95% CI 1.6-3.2). Hospitalization both before and after first childbirth was associated 40 

with a higher risk of future SA (HR for long-term SA: 4.2; 95% CI 2.7-6.4). Familial factors 41 

influenced the association between hospitalization and long-term SA, regardless of childbirth 42 

status. 43 

Conclusion: Women giving birth did not have a higher risk for SA than those not giving birth 44 

and results indicate a positive health selection into giving birth. Mothers hospitalized before 45 

and/or after giving birth had higher risks for future SA, that is, there was a strong association 46 

between morbidity and future SA. 47 

Keywords: sick leave, childbirth, inpatient care, hospitalization, cohort study, population 48 

based, twins 49 
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Article Summary 51 

Article focus: 52 

To investigate associations of giving birth with morbidity in terms of hospitalization and 53 

social consequences of morbidity in terms of sickness absence (SA), while taking familial 54 

(genetics and shared environmental) factors into account.  55 

Key messages: 56 

- Women giving birth did not have a higher future SA risk than those not giving birth 57 

and results indicate a positive health selection into giving birth 58 

- The high levels of inpatient care in women who did not give birth suggest that there is 59 

a health selection in giving birth, where the women who give birth have a better health 60 

initially 61 

Strengths and limitations: 62 

- The strengths of the study include the population-based prospective design, using 63 

national registers with high completeness and validity 64 

- With a twin study design, we were able to take familial influences into account 65 

- As inpatient care to a great extent has been replaced by outpatient treatment, some of 66 

the decrease in hospitalization over the years is a result of a shift in the responsibility 67 

for inpatient care from hospitals to outpatient care facilities 68 

 69 

  70 
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Introduction 71 

In most countries with high labor force participation, women have higher levels of sickness 72 

absence (SA) than men 
1-4

. Many theories and mechanism regarding this have been suggested, 73 

e.g., women having higher morbidity, higher workload (when combining paid and unpaid 74 

work), tougher situation on the labor market, men being the norm for how the labor market is 75 

organized, gender bias in healthcare and social insurance systems, discrimination, and 76 

domestic violence, etcetera 
5-9

. Another hypothesis behind this gender difference in SA 77 

focuses on SA during pregnancy and after childbirth 
6 10-13

. Several studies show that women 78 

have higher SA during pregnancy 
10 14

 and that pregnancy-related SA explains half of the 79 

gender differences in SA in fertile ages 
15

.  80 

One of the changes in society that may affect health after childbirth is that the mean age for 81 

having the first child has increased over the last years and that women with higher level of 82 

morbidity now give birth. Further, nowadays, the proportion of caesarean sections has 83 

increased as well as vacuum extraction deliveries, leading to risk of later health problems 
16 17

. 84 

In this study, focus is on childbirth, morbidity, and SA among women, to get a better 85 

understanding of mechanisms behind SA among women in fertile ages. There are hardly any 86 

studies on the associations between giving birth and morbidity and SA, and those conducted 87 

have focused on a relatively short time period right after childbirth, most often within the first 88 

year following the child delivery 
18 19

, while prospective studies with longer follow-up of 89 

mothers are rare 
6 12 20

.   90 

Pregnancy, delivery, and the postpartum period may imply large physical, mental, and 91 

social changes during a short period of time, increasing the risk for disease and injury 
21 22

. 92 

Different types of physical and mental disorders are common during pregnancy and after 93 

childbirth – and can in some cases be longstanding or even permanent – however, this is 94 

hardly studied at all 
19

. Giving birth may be associated with a higher risk of certain diseases 95 

demanding hospitalization, such as cardiovascular diseases, musculoskeletal diseases, mental 96 

Page 5 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

6 
 

disorders, and different types of injuries 
23-26

. For women with a disease present before the 97 

childbirth, the disorder might deteriorate after childbirth 
23 24

. Regarding symptoms related to 98 

childbirth, high prevalence has been shown six months after childbirth for e.g., low back pain, 99 

fatigue, headache, and sleep disorders 
19 27

. Most of these symptoms seem to remain up to one 100 

year after childbirth 
17

. Besides physical health effects, also depression and other mental 101 

disorders have been linked to childbirth 
26 28

, but again, prospective studies with longer 102 

follow-up are lacking 
27

. Even though having children has been shown to contribute to an 103 

overall wellbeing, this is not the case for everybody and especially not among single mothers 104 

whose economic situation and thereby possibilities for good health care might be worse 
29-31

.  105 

Morbidity can be measured in different ways, e.g., through self-reports or visits to 106 

healthcare. Here we will use data on more severe morbidity that involves assessments from 107 

physicians, that is, morbidity that has led to hospitalization, a measure so far not used in this 108 

type of studies. Sickness absence is not a good measure of morbidity– most people with 109 

morbidity are not on SA 
4
. Instead SA is considered a very good measure of social 110 

consequences of morbidity, in terms of not being able to support yourself from work 
4
. Yet, 111 

there are surprisingly few studies on the association between morbidity and SA and in media 112 

and among some researchers sometimes the level of morbidity among sickness absentees even 113 

is questioned, especially for female sickness absentees – their sickness absence is rather 114 

considered related to attitudes than to morbidity 
12 32 33

.  115 

Studies examining the role of familial factors (i.e., genetic and shared (mainly childhood) 116 

environment) on morbidity have shown that genetics tends to explain a moderate to large 117 

extent of the variability in most of the chronic diseases 
34 35

. For example, heritability for 118 

mental disorders varies between 30-90% 
36

, whereas genetic factors have been shown to 119 

explain 30-60% of the total variation in musculoskeletal disorders 
37 38

. Taken together, 120 

familial factors are important to account for when studying the association between morbidity 121 
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(here in terms of hospitalization) and SA as studies otherwise could lead to erroneous 122 

conclusions. Twin settings provide a powerful tool for studies of these aspects in research of 123 

SA, a research area where different selection biases otherwise might have an impact on 124 

results. Twins in a pair are optimally matched on genetic (100% for MZ pairs and on average 125 

50% for DZ pairs) and common environmental factors through childhood (100% for both MZ 126 

and DZ twin pairs when reared together) in addition to age and sex (for the same-sexed pairs). 127 

An experimental design, which can control for these familial influences, is to examine 128 

discordant twin sisters, that is, where one twin sister has given birth and the other has not. If 129 

discordant twin sisters show similar associations as the analyses of the whole cohort, this 130 

would indicate that the childbirth may actually be a contributing cause of the future SA. If 131 

instead the association found among the whole cohort cannot be replicated within discordant 132 

twin sisters, then familial factors are of importance. Influence of familial factors (genetic and 133 

common environment) is indicated if the association found in the analyses of the whole cohort 134 

disappear or change considerably in the analyses of discordant twin pairs 
39

. 135 

 136 

The aim of the study was to investigate the associations of giving birth with subsequent 137 

morbidity in terms of hospitalization and SA. Familial factors (genetics and shared/early 138 

environmental) were taken into account in order to assess if familial factors explain a 139 

potential association between childbirth and future hospitalization and SA. 140 

  141 
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Methods 142 

Participants and data sources 143 

We performed a prospective population-based cohort study of female twins. All female twins, 144 

i.e., women with a twin sister, born in Sweden between 1959 and 1990 were selected from the 145 

Swedish Twin Registry (STR) 
40

. After excluding women who delivered their first child 146 

before 1994 or whose twin sister had her first delivery before 1994, and twins where none in 147 

the pair had their first delivery between 1994 and 2009 (n=7 304), the final cohort comprised 148 

5 118 women of which 95% had income from work, the others had income from parental 149 

benefits, unemployment benefits, student benefits, different types of sickness benefits, or a 150 

mixture of those (in the year prior to the birth year, i.e., T(-1). All had some of those types of 151 

income, all granting rights to SA benefits. The Swedish Twin Registry (STR) is the largest 152 

population-based register of twin births in the world, with information such as birth date, sex, 153 

zygosity, and pair identification 
40 41

. The selection of the study population is illustrated in 154 

Figure 1.  155 

The unique personal identity number assigned to each Swedish resident 
42

 was used to link 156 

information from several nationwide population-based registers at an individual level up 157 

through 2009, as follows. The Causes of Death Register was used to obtain information on 158 

date of death 
43

. This register contains information on all deceased Swedish residents since 159 

1952. Information on all deliveries (including still births) was derived from the Medical Birth 160 

Register, which was established in 1973 and includes information on almost all births in 161 

Sweden 
44

. In order to increase the coverage on delivery, we also used the National Patient 162 

Register (NPR) to obtain information on all deliveries. This register was founded in 1964 and 163 

includes all individuals admitted to any psychiatric or general hospital 
45

. Information on 164 

hospitalization with a principal diagnosis for delivery (as defined by the International 165 

Classification of Disease (ICD): ICD-9: 650, 651.9, 652.2, 669.5-8; and ICD-10: O80-84) was 166 

obtained. The NPR was also used to obtain annual information on other hospitalizations, i.e., 167 
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inpatient care. Annual information on educational level and on SA days was obtained from 168 

Statistics Sweden. 169 

 170 

Time in relation to childbirth 171 

The studied women were followed in relation to year of first childbirth, referred to as T0. In 172 

order to compare those who gave birth to those who did not, T0 for the women who did not 173 

give birth was defined as year of her twin sister’s first childbirth. 174 

 175 

Hospitalization 176 

Data on hospitalization covered the period six years prior to, and six years after year of first 177 

childbirth (T0) or equivalent. For descriptive purposes, the total and the average number of 178 

hospitalization days per year were calculated. 179 

In order to examine if hospitalization prior to (or after) childbirth increases the risk for future 180 

hospitalization, the first part of the regression analyses considered hospitalization as both 181 

exposure and outcome. We created one dichotomous variable for hospitalization before T0 182 

(i.e., exposure), and two dichotomous outcome variables for hospitalization during year 3-5 183 

after T0: one for hospitalization with any diagnosis and one excluding hospitalization with 184 

diagnoses related to pregnancy, childbirth, and the postpartum period. 185 

In order to answer the research question "Does hospitalization prior to (or after) childbirth 186 

increase the risk for future SA?", we created two dichotomous hospitalization exposure 187 

variables: one for hospitalization before T0 and one variable: hospitalization year 1-2 after T0 188 

(excluding diagnoses related to pregnancy, childbirth, and the postpartum period). 189 

 190 

Sickness absence 191 
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SA can be measured in several ways, related to duration and incidence 
46

. Here we used the 192 

following four measures: total and average number of SA days per year; number of SA days 193 

during year 3-5 after T0; and  number of SA days >90 sick-leave days during year 3-5 after 194 

T0. 195 

Sickness insurance in Sweden 196 

In Sweden, all residents aged 16-65 years who have income from work, unemployment 197 

benefits, parental benefits, or student benefits are entitled to sickness benefits from the 198 

Swedish Social Insurance Agency, if unable to work due to disease or injury. Among 199 

employed individuals, sick pay was in most cases paid by the employer during the first 14 200 

days of a sick-leave spell, which means that we do not have data on most of the short sick-201 

leave spells. In most of the years studied, there was no limitation to duration of a sick-leave 202 

spell. Sickness benefits covered 80% of lost income, up to a certain level. All were covered by 203 

a health care insurance covering the right to hospital care when needed, at a much reduced 204 

cost, less than 10 Euros a day. Care during pregnancy and delivery was free. 205 

 206 

Potential confounding factor 207 

As research has shown socioeconomic disparities in age at first birth (e.g., the higher the 208 

education, the later the first birth) 
47 48

, we adjusted for educational level at T0. Years of 209 

education was classified into four categories; <9 years of compulsory school, 10-12 years of 210 

education (senior high school), ≥13years of education (college/university), missing. 211 

 212 

Statistical analysis 213 

First, Cox proportional hazard models with constant time-at-risk 
49

 were applied to estimate 214 

hazard ratios (HR) with 95% confidence intervals (CI) for having at least one hospitalization 215 

after childbirth (T0). In a first model (model a), adjustments were made for age. Second 216 
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(model b), additional adjustments were made for delivery year and educational level at time of 217 

T0. Thereafter, twin pairs who were discordant with respect to outcomes, i.e., having at least 218 

one hospitalization after T0, were analyzed using Conditional Cox regression. In the next step, 219 

we analyzed the associations between childbirth, hospitalization, and SA by fitting three Cox 220 

regression models (table 3). The first (model a) was adjusted for birth year. In the second 221 

model (model b), additional adjustments were made for delivery year and educational level at 222 

time of T0. In the third model (model c), previous hospitalization was included. Thereafter, 223 

twin pairs who were discordant (Conditional Cox regression) with respect to outcomes i.e., 224 

having had SA or long-term SA (>90 days) were analyzed.  225 

Finally, in the step where we analyzed the association between hospitalization before and 226 

after first childbirth, and subsequent SA (table 4), we adopted the first two models (model a-227 

b) from table 3. In a third model (model c), we fitted an additional model in which 228 

adjustments were made for subsequent deliveries.  229 

The proportional hazards assumption was checked by including time-dependent versions of 230 

all the covariates in the models. This did not indicate a violation of the proportionality 231 

assumption. 232 

All statistical analyses were performed with SAS 9.3 and STATA 12.1.  233 

The STROBE checklist was used in designing and reporting the study. 234 

The project was approved by the Regional Ethical Review Board of Stockholm. 235 
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Results 236 

Of the 5 118 women included in the study, 77% had given birth at least once between 1994 237 

and 2009 (Table 1). Of these women, nearly 70% also had given birth later, at least once. A 238 

majority of the women who gave birth had their first delivery before the age of 30 (61%). The 239 

educational level distribution was rather similar when comparing those who gave birth to 240 

those who did not. When hospitalizations with diagnoses for pregnancy and childbirth were 241 

excluded, 30% of the women, i.e., the 1 183 where both in a pair gave birth and the 407 twins 242 

where only one in the pair gave birth had at least one hospitalization during the period six 243 

years prior to and six years after their first delivery (the delivery year excluded). The 244 

corresponding rate for the women who had not given birth was 27%. Half of the women who 245 

gave birth had at least one day of SA during the period six years prior to or the six years after 246 

first delivery, when the year for childbirth was excluded. The majority of the women had no 247 

SA at all in the six years following childbirth. 248 

The average annual number of days with inpatient care and SA, respectively, is presented in 249 

Figure 2. Up to year T0, women who did not give birth had a higher average number of 250 

hospitalization days and SA days compared to those who gave birth. Women who gave birth 251 

had approximately 0.3 hospitalization days per year whereas those who did not give birth had 252 

around 0.5 hospitalization days per year. The average number of SA days for women giving 253 

birth was 3.8 days/year and for those not giving birth 5.0 days/year. SA differences between 254 

those giving birth and women not giving birth were statistically significant with the exception 255 

of year (-4) and (-3). For inpatient care, the differences between those giving birth and women 256 

not giving birth were not statistically significant. The average number of inpatient days 257 

increased rapidly during T0 for women who gave birth, especially because of hospitalization 258 

due to pregnancy and childbirth. After T0, the number of SA days decreased quickly among 259 

these women. For women who gave birth, days with inpatient care and SA the years following 260 

T0 were to a large extent associated with subsequent childbirths. 261 
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Table 2 presents HR for the association between childbirth and hospitalization, for all 262 

diagnoses and for diagnoses where those related to pregnancy, childbirth, and the postpartum 263 

period were excluded. When these diagnoses were removed, women who did not give birth 264 

and who had been hospitalized at least once before T0 had twice the risk of future 265 

hospitalization compared to those not hospitalized prior to T0 (HR: 2.3; 95% CI 1.6-3.3) after 266 

adjustments for birth year, delivery year, and educational level. The association was explained 267 

by familial factors in the analysis of discordant twin pairs (HR: 1.2; 0.8-1.9). 268 

When restricting the analyses to women who gave birth, a total of 2 792 women were 269 

studied, i.e., 1 396 complete pairs in which both twins had given birth. The reference group 270 

constituted of mothers who had not been hospitalized prior to their first childbirth. Mothers 271 

who had been hospitalized before their first childbirth had a slightly higher HR for future 272 

hospitalization when diagnoses related to pregnancy and childbirth were excluded (HR 1.5; 273 

1.2-2.0). This association disappeared in the analyses of discordant twin pairs, suggesting an 274 

influence of familial factors (HR: 1.0; 0.8-1.3). 275 

Regardless of childbirth status, hospitalization year 1-2 after T0 was a predictor of having a 276 

new SA in year 3-5 after T0 (Table 3). Compared to women who did not give birth and who 277 

were not hospitalized the first two years after T0, mothers hospitalized after first childbirth 278 

had an HR of 2.4 (2.0-2.9) for a new SA after adjustments for birth year, delivery year, and 279 

educational level. Hospitalization after T0 was also associated with a new long-term SA (>90 280 

days) in year 3-5 after T0 (Table 3). Women who did not give birth had a nearly three-fold 281 

risk of a new long-term SA year 3-5 after T0 (HR 2.8; 1.5-5.1), whereas women who gave 282 

birth had an HR of 1.8 (1.3-2.5). The analyses of twin pairs discordant for having a new long-283 

term SA year 3-5 after T0, showed attenuated point estimates, hence suggesting that familial 284 

effects may play a role. 285 
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The analyses, in which we considered hospitalization before and after first childbirth as 286 

exposure, and outcome was a new SA year 3-5 after T0  (Table 4) show that mothers who had 287 

been hospitalized at least once both before and after their first child birth had a higher risk of 288 

future SA (HR 1.8; 1.4-2.2). These women also had a higher risk of long-term SA; however, 289 

these risk estimates were not statistically significant. After controlling for familial 290 

confounding, the estimated risk for long-term SA for those who had been hospitalized before 291 

T0 was in the same direction but the HR was reduced, which suggest that also familial factors 292 

may have an influence on the studied association.  293 
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Discussion 294 

In this register study of a population-based Swedish cohort of female twins born between 295 

1959 and 1990, the associations of delivery with hospitalization and SA were examined as 296 

well as whether familial (i.e., genetic and shared, mainly childhood, environmental) factors 297 

were contributing to these associations. Just before the first childbirth, the SA days increased 298 

much for mothers, an increase that gradually decreased during the years after the delivery. We 299 

found hospitalization prior to T0 to be a risk factor for future hospitalization, regardless of 300 

childbirth status, also when excluding hospitalization due to childbirth. Furthermore, 301 

hospitalization after the first childbirth was associated with a higher HR of both short-term 302 

and long-term future SA. An additional analysis focusing solely on the women who gave birth 303 

showed that hospitalization both before and after the first childbirth was associated with a 304 

higher risk of future SA. Familial factors seemed to have an influence on the association 305 

between hospitalization and long-term SA, regardless of childbirth status. 306 

In line with some previous studies 
10 20 50 51

, we found that SA increased in women during 307 

the time before the first childbirth. Giving birth was also associated with a future somewhat 308 

higher risk for SA, in line with that of those not giving birth. However, this higher risk could 309 

be due to subsequent pregnancies. A recent Norwegian study found that the increased SA risk 310 

in women in the years after pregnancy disappeared when SA during subsequent pregnancies 311 

were accounted for 
20

. Several explanations have been suggested for such higher levels of SA, 312 

among others the double burden hypothesis 
20 52-54

. This hypothesis has been questioned, as 313 

research has indeed shown that women who occupy multiple roles tend to be healthier than 314 

those who enact fewer roles 
55-57

. Thus, the combination of employment and parenthood does 315 

not seem to imply worse health, on the contrary. In our study, the annual rates of SA 316 

decreased steadily after the first childbirth, speaking in favor of this hypothesis. Further 317 

studies of this are warranted. 318 
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To our best knowledge, this is the first study to examine long-term associations between 319 

childbirth, hospitalization and both short- and long-term SA. Women who gave birth did not 320 

have a higher risk for long-term SA nor for hospitalization (besides hospitalization due to 321 

subsequent pregnancy and childbirth) when compared to women who did not give birth.   322 

Those who did not give birth had a more stable pattern of SA during the studied period, 323 

however, with a slight increase in annual SA days over the years. This is in line with a 324 

Swedish study examining whether family obligations influence the risk of SA in publicly 325 

employed women and found a slight risk increase for SA among women without children 
58

. 326 

Further, a broad systematic literature review published in 2004 provided no evidence of an 327 

association between having children in the household and an increased risk of SA 
59

. It is 328 

important to consider family situation when examining the association between having 329 

children and morbidity, as single women with children have been shown to have worse health 330 

30 31 60
 and higher levels of SA 

6 58
. 331 

Even though pregnancy, delivery, and the postpartum period may increase the risk for 332 

disease and injury 
25 27

, our findings do not suggest that women who gave birth are more 333 

likely to be hospitalized after their first childbirth, except for hospitalizations related to 334 

subsequent deliveries. We found no differences in risk for future hospitalization when 335 

comparing those who gave birth to those who did not. Thus, giving birth does not have to be 336 

associated with subsequent health problems. The fact that we found no differences in future 337 

hospitalization between those who gave birth and those who did not, may have different 338 

explanations. As mentioned above, one could expect that there is a health selection, where 339 

women who do not give birth may have worse health and choose not to have or cannot have a 340 

child. Also, giving birth is in itself a risk factor for future morbidity
16 19 22

. Further, during the 341 

last decades, the number of women who voluntarily do not want to become parents has 342 

increased worldwide
61

. 343 
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Hospitalization prior to the first childbirth or equivalent (T0) was a risk factor for future SA 344 

for all women, regardless of childbirth status. In particular, women who had been hospitalized 345 

both before and after T0 were at risk for future SA. Furthermore, we found an association 346 

between hospitalization and future long-term SA. 347 

When comparing women who gave birth to those who did not, with respect to exposure to 348 

hospitalization and risk of SA, mothers hospitalized at least once after the first childbirth had 349 

slightly higher risk for future SA regardless of duration, whereas those who did not give birth 350 

hospitalized after T0 had higher risk for long-term SA. 351 

Hospitalization both before and after the year T0 seems to be the strongest indicator, i.e., 352 

these individuals had the highest risk for future SA. Consequently, the women who had been 353 

hospitalized both before and after T0 had the highest risk for future SA. Our analyses of 354 

women who gave birth revealed a graded association between hospitalization and SA, where 355 

those who only were hospitalized before or after their first childbirth had a higher risk of SA, 356 

whereas those who were hospitalized both before and after the first childbirth had even higher 357 

risks. Thus, we found a strong association between morbidity, here measured as 358 

hospitalization, and future SA among women who have given birth – an association that often 359 

has been question regarding women with children 
12

.  360 

Familial factors seemed to contribute to the association between hospitalization before and 361 

after T0 among those who did not give birth. The influence of familial factors may relate to 362 

morbidity among women not giving birth – morbidity that might be more severe and 363 

potentially also being relatively strongly influenced by genetics. Familial factors also played a 364 

role in the associations between hospitalization and future long-term SA. This could be 365 

related to the fact that the hospitalization usually is required for severe conditions that may 366 

have a strong genetic component. However, since genetics have been shown to influence the 367 

risk of DP 
62

, and some indications exist that genetics also play a role in long-term SA and 368 
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mortality, it can be suspected that the effects of familial factors on SA can be either direct or 369 

through other influential factors. 370 

 371 

Strengths and limitations 372 

The strengths of this study are the population-based prospective cohort study design, 373 

including all in the study population, not a sample, using nationwide registers with high 374 

completeness and validity 
43-45

. Further, we used a large study cohort without loss to follow 375 

up. With a twin study design, we were able to take familial influences into account. When 376 

measuring both exposure and outcome with register-based data, we avoid problem with recall 377 

bias.  378 

This study has, however, some limitations. First of all, we do not know whether the women 379 

who did not give birth were childless voluntarily or not. Differences in health between 380 

voluntary and involuntary childlessness have been shown, where voluntarily childless women 381 

showed higher levels of overall well-being 
61 63

 which might be related to hospitalization 382 

and/or SA. Using inpatient care as a measure of morbidity has both its strengths and 383 

limitations. One limitation is that we thus selected more severe types of morbidity, and hence 384 

that does not include morbidity treated in outpatient care. Having had also other types of 385 

morbidity data might have given another picture and hopefully future studies will have such 386 

information. Another limitation is that the terms for inpatient care have changed during the 387 

studied period. In Sweden, inpatient care has over the years to a great extent been replaced by 388 

outpatient treatment. Therefore, some of the decrease in hospitalization over the years is a 389 

result of a shift in the responsibility for inpatient care from hospitals to outpatient care 390 

facilities 
64

, however, this affected all women equally, and is to some extent handled by 391 

adjusting for birth year. The CIs are wider in the years far from T0, e.g., T6, due to fewer 392 

follow up year for some – e.g., for those who gave birth late during the studied period. Also, 393 
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we lack information on the shorter SA spells among those employed. Further, the Swedish 394 

Twin Registry (STR) contains all twin births in Sweden; hence, immigrants are not included 395 

in this study and as a consequence the external validity might be lower to women born outside 396 

of Sweden. 397 

It is important to be aware of that giving birth is in focus here, irrespective of whether the 398 

child survived or not. Some of the women who did not give birth might be mothers, e.g., due 399 

to adoption. Other studies in this area has ‘being mother’ or ‘living with child’ as exposure 400 

term, rather than ‘giving birth’. 401 

 402 

Conclusion 403 

Women giving birth did not have a higher future SA risk than those not giving birth and 404 

results indicate a positive health selection into giving birth. Mothers with different types of 405 

morbidity, in terms of hospitalization before and/or after giving birth had higher risks for 406 

future SA. Most women had no SA in the six years following childbirth and those who had 407 

SA generally had that for shorter periods. Among the few women who had severe morbidity, 408 

in terms of hospitalization, the future risk for SA was, as expected, higher. Hospitalization 409 

prior to T0 was strongly associated with later hospitalization and later SA. The high levels of 410 

inpatient care in women who did not give birth suggest that there is a health selection in 411 

giving birth, where the women who give birth have a better health initially. However, most 412 

women had no hospitalization and no SA.  413 
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Figure legends 442 

Figure 1. Flow chart for the study population. 443 

Figure 2. Average annual number of days on sickness absence (SA) and hospitalization, 444 

respectively, (with 95% CI), six years prior through six year after T0 for women who gave 445 

birth/did not give birth (n=5 118). 446 

 447 

 448 

References 449 

1. Parrukoski S-TL-T, J. Parental leave policies and the economic crisis in the Nordin countries. 450 
Helsinki: National Institute for Health and Welfare, 2012. 451 

2. Svedberg P, Ropponen A, Alexanderson K, et al. Genetic susceptibility to sickness absence is 452 
similar among women and men: findings from a Swedish twin cohort. Twin research and 453 
human genetics : the official journal of the International Society for Twin Studies 2012;15:642-454 
8. 455 

3. Ugreninov E. Can family policy reduce mothers' sick leave absence? A causal analysis of the 456 
Norwegian paternity leave reform. Journal of family economic issues 2012. 457 

4. Alexanderson K, Norlund A. Swedish Council on Technology Assessment in Health Care (SBU). 458 
Chapter 1. Aim, background, key concepts, regulations, and current statistics. Scandinavian 459 
Journal of Public Health 2004;32(Supplement 63):12-30. 460 

5. Alexanderson K. Measuring health. Indicators for working women. In: Kilbom Å, Messing K, Bildt 461 
Thorbjörnsson C, eds. Women's health at work. Stockholm: National Institute for Working Life, 462 
1998. 463 

6. Mastekaasa A. Parenthood, gender and sickness absence. Social science & medicine 464 
2000;50(12):1827-42. 465 

7. Messing K, Östlin P. Gender equality, work and health: a review of the evidence. In: WHO, ed. 466 
Montreal, Stockholm: GWH, FCH, PHE, SDE, 2006. 467 

8. Sen G, Östlin P, editors. Gender Equity in Health. The Shifting Frontiers of Evidence and Action. 468 
New York: Routledge, 2010. 469 

9. Östlin P, Danielsson M, Diderichsen F, et al., editors. Gender inequalities in health: a Swedish 470 
perspective: Harvard University Press, 2002. 471 

10. Alexanderson K, Hensing G, Carstensen J, et al. Pregnancy-related sickness absence among 472 
employed women in a Swedish county. Scandinavian journal of work, environment & health 473 
1995;21(3):191-8. 474 

11. Alexanderson K, Hensing G, Leijon M, et al. Pregnancy-related sickness absence in a Swedish 475 
County in 1985, 1986 and 1987. Journal of epidemiology and community health 476 
1994;48(5):464-70. 477 

12. Angelov N, Johansson, P. & Lindahl, E. Gender differences in sickness absence and the gender 478 
division of family responsibilities. Uppsala: Institute for Evaluation of Labour market and 479 
Education Policy (IFAU), 2013. 480 

13. Vistnes JP. Gender differences in days lost from work due to illness. Ind Labor Relat Rev 481 
1997;50(2):304-23. 482 

14. Sydsjo A, Sydsjo G, Kjessler B. Sick leave and social benefits during pregnancy--a Swedish-483 
Norwegian comparison. Acta obstetricia et gynecologica Scandinavica 1997;76(8):748-54. 484 

15. Alexanderson K, Sydsjo A, Hensing G, et al. Impact of pregnancy on gender differences in 485 
sickness absence. Scandinavian journal of social medicine 1996;24(3):169-76. 486 

16. Ekeus C, Nilsson E, Gottvall K. Increasing incidence of anal sphincter tears among primiparas in 487 
Sweden: a population-based register study. Acta Obstet Gynecol Scand 2008;87(5):564-73. 488 

17. Schytt E, Lindmark G, Waldenstrom U. Physical symptoms after childbirth: prevalence and 489 
associations with self-rated health. BJOG An International Journal of Obstetrics and 490 
Gynaecology 2005;112:210-7. 491 

18. Glazener CM, Abdalla M, Stroud P, et al. Postnatal maternal morbidity: extent, causes, prevention 492 
and treatment. Br J Obstet Gynaecol 1995;102(4):282-7. 493 

19. Saurel-Cubizolles MJ, Romito P, Lelong N, et al. Women's health after childbirth: a longitudinal 494 
study in France and Italy. BJOG : an international journal of obstetrics and gynaecology 495 
2000;107(10):1202-9. 496 

Page 21 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

22 
 

20. Rieck K, Telle K. Sick leave before, during and after pregnancy. Acta Sociologica 2013;56(2):117–497 
37. 498 

21. Schytt E. Women´s health after childbirth [Doctoral]. Karolinska Institutet, 2006. 499 
22. Schytt E, Hildingsson I. Physical and emotional self-rated health among Swedish women and men 500 

during pregnancy and the first year of parenthood. Sexual & reproductive healthcare : official 501 
journal of the Swedish Association of Midwives 2011;2(2):57-64. 502 

23. Beckmann CRB, Ling FW, Barzansky BM, et al. Obstetrics and gynecology: Lippincott Williams & 503 
Wilkins, 2010. 504 

24. Hacker NF, Gambone JC, Hobel CJ. Essentials of obstetrics and gynecology: Saunders Elsevier, 505 
2010. 506 

25. Kaaja RJ, Greer IA. Manifestations of chronic disease during pregnancy. Jama 507 
2005;294(21):2751-7. 508 

26. Rubertsson C, Wickberg B, Gustavsson P, et al. Depressive symptoms in early pregnancy, two 509 
months and one year postpartum-prevalence and psychosocial risk factors in a national 510 
Swedish sample. Arch Womens Ment Health 2005;8:97-104. 511 

27. Cheng C, Li Q. Integrative review of research on general health status and prevalence of common 512 
physical health conditions of women after childbirth. Womens Health Issues 2008;18:267-80. 513 

28. Milgrom J, Gemmill A, Bilszta J, et al. Antenatal risk factors for postnatal depression: a large 514 
prospective study. J Affect Disord 2008;108:147-57. 515 

29. Floderus B, Hagman M, Aronsson G, et al. Work status, work hours and health in women with and 516 
without children. Occup Environ Med 2009;66(10):704-10. 517 

30. Burstrom B, Diderichsen F, Shouls S, et al. Lone mothers in Sweden: trends in health and 518 
socioeconomic circumstances, 1979-1995. J Epidemiol Community Health 1999;53(12):750-6. 519 

31. Burstrom B, Whitehead M, Clayton S, et al. Health inequalities between lone and couple mothers 520 
and policy under different welfare regimes - the example of Italy, Sweden and Britain. Soc Sci 521 
Med 2010;70(6):912-20. 522 

32. Allebeck P, Mastekaasa A. Swedish Council on Technology Assessment in Health Care (SBU). 523 
Chapter 3. Causes of sickness absence: research approaches and explanatory models. 524 
Scandinavian Journal of Public Health 2004;32(Supplement 63):36-43. 525 

33. Englund L, Tibblin G, Svärsudd K. Variations in sick-listing practice among male and female 526 
physicians of different specialites based on case vignettes. Scandinavian journal of primary 527 
health care 2000;1:48-52. 528 

34. Plomin R, DeFries J, McClean GE, et al. Behavioral Genetics. New York: Worth Publishers, 2000. 529 
35. Plomin R, Owen MJ, McGuffin P. The genetic basis of complex human behaviors. Science 530 

1994;264(5166):1733-9. 531 
36. Bienvenu OJ, Davydow DS, Kendler KS. Psychiatric 'diseases' versus behavioral disorders and 532 

degree of genetic influence. Psychological medicine 2011;41(1):33-40. 533 
37. Battie MC, Videman T, Levalahti E, et al. Heritability of low back pain and the role of disc 534 

degeneration. Pain 2007;131(3):272-80. 535 
38. MacGregor AJ, Snieder H, Rigby AS, et al. Characterizing the quantitative genetic contribution to 536 

rheumatoid arthritis using data from twins. Arthritis and rheumatism 2000;43(1):30-7. 537 
39. Kujala UM, Kaprio J, Koskenvuo M. Modifiable risk factors as predictors of all-cause mortality: the 538 

roles of genetics and childhood environment. American journal of epidemiology 539 
2002;156(11):985-93. 540 

40. Lichtenstein P, De Faire U, Floderus B, et al. The Swedish Twin Registry: a unique resource for 541 
clinical, epidemiological and genetic studies. Journal of internal medicine 2002;252(3):184-542 
205. 543 

41. Furberg H, Lichtenstein P, Pedersen NL, et al. The STAGE cohort: a prospective study of tobacco 544 
use among Swedish twins. Nicotine & tobacco research : official journal of the Society for 545 
Research on Nicotine and Tobacco 2008;10(12):1727-35. 546 

42. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, et al. The Swedish personal identity 547 
number: possibilities and pitfalls in healthcare and medical research. Eur J Epidemiol 548 
2009;24(11):659-67. 549 

43. National Board of Health and Welfare. Causes of Death 2010. Stockholm, Sweden, 2011. 550 
44. Cnattingius S, Ericson A, Gunnarskog J, et al. A quality study of a medical birth registry. 551 

Scandinavian journal of social medicine 1990;18(2):143-8. 552 
45. Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of the Swedish 553 

national inpatient register. BMC public health 2011;11:450. 554 

Page 22 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

23 
 

46. Hensing G, Alexanderson K, Allebeck P, et al. How to measure sickness absence? Literature 555 
review and suggestion of five basic measures. Scandinavian journal of social medicine 556 
1998;26(2):133-44. 557 

47. Heck KE, Schoendorf KC, Ventura SJ, et al. Delayed childbearing by education level in the United 558 
States, 1969-1994. Matern Child Health J 1997;1(2):81-8. 559 

48. Mills M, Rindfuss RR, McDonald P, et al. Why do people postpone parenthood? Reasons and 560 
social policy incentives. Human reproduction update 2011;17(6):848-60. 561 

49. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an empirical 562 
comparison of models that directly estimate the prevalence ratio. BMC medical research 563 
methodology 2003;3:21. 564 

50. Bratberg E, Naz G. Does paternity leave affect mothers` sickness absence? Working papers in 565 
Economics University of Bergen 2009. 566 

51. Sydsjo A, Sydsjo G, Alexanderson K. Influence of pregnancy-related diagnoses on sick-leave data 567 
in women aged 16-44. Journal of women's health & gender-based medicine 2001;10(7):707-568 
14. 569 

52. Blank N, Diderichsen F. Short-term and long-term sick-leave in Sweden: relationships with social 570 
circumstances, working conditions and gender. Scandinavian journal of social medicine 571 
1995;23(4):265-72. 572 

53. Lidwall U, Marklund S, Voss M. Work-family interference and long-term sickness absence: a 573 
longitudinal cohort study. Eur J Public Health 2010;20(6):676-81. 574 

54. Vaananen A, Kevin MV, Ala-Mursula L, et al. The double burden of and negative spillover between 575 
paid and domestic work: associations with health among men and women. Women & health 576 
2004;40(3):1-18. 577 

55. Fokkema T. Combining a job and children: contrasting the health of married and divorced women 578 
in the Netherlands? Soc Sci Med 2002;54(5):741-52. 579 

56. Lahelma E, Arber S, Kivela K, et al. Multiple roles and health among British and Finnish women: 580 
the influence of socioeconomic circumstances. Soc Sci Med 2002;54(5):727-40. 581 

57. McMunn A, Bartley M, Hardy R, et al. Life course social roles and women's health in mid-life: 582 
causation or selection? J Epidemiol Community Health 2006;60(6):484-9. 583 

58. Voss M, Josephson M, Stark S, et al. The influence of household work and of having children on 584 
sickness absence among publicly employed women in Sweden. Scand J Public Health 585 
2008;36(6):564-72. 586 

59. Allebeck P, Mastekaasa A. Swedish Council on Technology Assessment in Health Care (SBU). 587 
Chapter 5. Risk factors for sick leave - general studies. Scand J Public Health Suppl 588 
2004(63):49-108. 589 

60. Weitoft GR, Haglund B, Hjern A, et al. Mortality, severe morbidity and injury among long-term lone 590 
mothers in Sweden. Int J Epidemiol 2002;31(3):573-80. 591 

61. Agrillo C, Nelini C. Childfree by choice: a review. Journal of Cultural Geography 2008;25(3):347-592 
63. 593 

62. Narusyte J, Ropponen A, Silventoinen K, et al. Genetic liability to disability pension in women and 594 
men: a prospective population-based twin study. PloS one 2011;6(e23143). 595 

63. Jeffries S, Konnert C. Regret and psychological well-being among voluntarily and involuntarily 596 
childless women and mothers. International journal of aging & human development 597 
2002;54(2):89-106. 598 

64. Silfverhielm H, Kamis-Gould E. The Swedish mental health system. Past, present, and future. 599 
International journal of law and psychiatry 2000;23(3-4):293-307. 600 

  601 

Page 23 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

24 
 

Table 1. Cohort characteristics for twins (women with twin sister) born in Sweden 1959-1990 (excluding 
those who gave birth before age 16 and those who died before age 16), where at least one in the pair had 
their first childbirth 1994-2009 and none before 1994. T0 is defined as year for first childbirth for women 
who gave birth, and year of twin sister's childbirth for those who did not give birth. 

Variables 
Both gave 

birth 

Twin pairs where only one in the pair gave birth 

Total Twin 1 (gave birth) Twin 2 (did not give birth) 

N 2 792 1 163 1 163 5 118 

          

Number of deliveries         

   One delivery 711 (25%) 501 (43%)     

   Two or more deliveries 2 081 (75%) 662 (57%)     

          

Age at T0         

   16-19 years 47 (2%) 33 (2%)     

   20-24 years 511 (18%) 239 (21%)     

   25-29 years 1 150 (41%) 444 (38%)     

   30-34 years 847 (30%) 323 (28%)     

   35-39 years 207 (7%) 109 (9%)     

   >40 years 30 (1%) 15 (1%)     

          

Zygosity         

   Monozygotic 1 726 (62%) 608 (52%) 608 (52%) 2 942 (57%) 

   Dizygotic 1 066 (38%) 555 (48%) 555 (48%) 2 176 (43%) 

          

Highest attained education
1
         

   ≤ 9 year 179 (6%) 74 (6%) 55 (5%) 308 (6%) 

   10-12 year 1 434 (51%) 608 (52%) 621 (53%) 2 663 (52%) 

   ≥ 13 year 1 173 (42%) 474 (41%) 422 (36%) 2 069 (40%) 

   Information on education missing 6 (0%) 7 (1%) 65 (6%) 78 (2%) 

          

Hospitalization
2
         

- At least one hospitalization during the period six years 
prior through six years after T0 2 161 (77%) 703 (60%) 325 (28%) 3 189 (62%) 

-At least one hospitalization during the period six years prior 
through six years after T0 (excluding hospitalizations with a 
diagnosis for pregnancy, childbirth, and the puerperium) 865 (31%) 315 (27%) 314 (27%) 1 494 (29%) 
- At least one hospitalization during the period six years 
prior through six years after T0 (excluding hospitalizations 
with a diagnosis for pregnancy, and childbirth) 1 183 (42%) 407 (35%) 325 (28%) 1 915 (37%) 
- At least one hospitalization during the period six years 
prior to T0 679 (24%) 251 (22%) 217 (19%) 1 147 (22%) 
- At least one hospitalization during the period six years 
after T0 1 965 (70%) 585 (50%) 168 (14%) 2 718 (53%) 

- At least one hospitalization both before and afterT0 483 (17%) 133 (11%) 60 (5%) 676 (13%) 

Sickness Absence (SA)
3
         

At least one SA during the period six years prior through six 
years after T0 1 526 (55%) 530 (46%) 365 (31%) 2 420 (47%) 

At least one SA during the period six years prior to T0 690 (25%) 274 (24%) 224 (19%) 1 188 (23%) 

At least one SA during the period six years after T0 1 245 (45%) 382 (33%) 221 (19%) 1 848 (36%) 
1 At time of T0 
2 Excluding hospitalizations occurring during T0 
3 Excluding SA occurring during T0 
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Table 2. Cox proportional hazard ratios (HR) with 95% CI for the association between childbirth, hospitalization before T0, and subsequent hospitalization (i.e., 
during year 3-5 after T0) in twins where at least one in the pair had her first childbirth in 1994-2009 and none before 1994, both including and excluding 
hospitalization related to pregnancy, childbirth, and the puerperium. Two models for adjustments as well as for discordant twin pairs. 

Status childbirth and hospitalization All diagnoses 
Diagnoses related to pregnancy, childbirth 

and the puerperium excluded
1
 

  
Model a

6
 Model b

7
 

Discordant 
twin pairs

2, 7
 Model a

6
 Model b

7
 

Discordant 
twin pairs

3, 7
 

All women (n=5 118) 
     

No childbirth, no hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization before T0
8 2.5 (1.7-3.6) 2.3 (1.6-3.3) 2.4 (1.3-4.5) 2.7 (1.8-3.9) 2.3 (1.6-3.4) 1.2 (0.8-1.9) 

Childbirth, no hospitalization before T0
8 6.1(5.0-7.5) 5.5 (4.5-6.8) 8.3 (5.8-11.8) 1.1 (0.8-1.3) 0.9 (0.7-1.2) 0.9 (0.7-1.1) 

Childbirth, hospitalization before T0
8 6.5 (5.2-8.1) 5.6 (4.4-7.1) 7.9 (5.4-11.5) 1.9 (1.4-2.5) 1.4 (1.1-1.9) 0.9 (0.7-1.2) 

       

 
Model a

6
 Model b

7
 

Discordant 
twin pairs

4, 7
 

Model a
6
 Model b

7
 

Discordant 
twin pairs

5, 7
 

Women who had at least one childbirth (n=2 792)  
    

No hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
8 1.0 (0.9-1.2) 1.0 (0.9-1.1) 1.0 (0.8-1.2) 1.7 (1.3-2.3) 1.5 (1.2-2.0) 1.0 (0.8-1.3) 

1 Diagnoses O00-O99 
2 Twin pairs where one had a hospitalization during the follow-up and the other not (n=1 016 pairs) 
3 Twin pairs where one had a hospitalization during the follow-up and the other not (n=456 pairs) 
4 Twin pairs (both giving birth) where one having had a hospitalization during the follow-up and the other not (n=508 pairs) 
5 Twin pairs (both giving birth) with one had a hospitalization during the follow-up and the other not (n=271 pairs) 
6 Adjusted for birth year 
7 Model a, and additional adjustments for delivery year, and educational level 
8 During the period 1-5 years prior to T0 
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Table 3. Cox proportional HR with 95% CI for the association between childbirth, hospitalization, and new sickness absence (SA) in year 3-5 after T0, in twins 
where at least one in the pair had their first childbirth 1994-2009. Three models for adjustments as well as for discordant twin pairs. 

Status childbirth and hospitalization 
SA in year 3-5 after T0 (regardless of number of days) Long-term SA (>90 days) in year 3-5 after T0 

Model a
5
 Model b

6
 Model c

7
 
Discordant twin 

pairs
1, 7
 Model a

5
 Model b

6
 Model c

7
 

Discordant 
twin pairs

2, 7
 

All women (n=5 118)         

No childbirth, no hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization year 1-2 after T0
8 2.7 (1.8-4.1) 2.2 (1.5-3.4) 2.1 (1.4-3.2) 1.5 (0.8-2.9) 4.5 (2.5-8.2) 3.5 (1.9-6.2) 2.8 (1.5-5.1) 1.1 (0.5-2.3) 

Childbirth, no hospitalization year 1-2 after T0
8 2.1 (1.8-2.5) 1.8 (1.5-2.2) 1.8 (1.5-2.2) 1.7 (1.3-2.2) 1.1 (0.8-1.6) 1.0 (0.7-1.4) 1.0 (0.7-1.3) 0.8 (0.6-1.2) 

Childbirth, hospitalization year 1-2 after T0
8 3.0 (2.5-3.6) 2.4 (2.0-2.9) 2.4 (2.0-2.9) 2.0 (1.5-2.6) 2.3 (1.6-3.2) 1.8 (1.3-2.5) 1.8 (1.3-2.5) 1.0 (0.7-1.5) 

         

Women who had at least one childbirth  
(n=2 792)  Model a

5
 Model b

6 Model c
7 
Discordant twin 

pairs
3, 5 Model a

5 Model b
6 Model c

7 
Discordant 

twin pairs
4, 7 

No hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization year 1-2 after T0
8 1.3 (1.2-1.5) 1.3 (1.1-1.4) 1.2 (1.1-1.4) 1.2 (1.0-1.5) 2.0 (1.5-2.6) 1.9 (1.4-2.5) 1.8 (1.4-2.4) 1.4 (1.0-1.9) 

1 Twin pairs where one had a SA during the follow-up and the other not (n=835 pairs) 
2 Twin pairs where one had a long-term SA during the follow-up and the other not (n=277 pairs) 
3 Twin pairs where one had a SA during the follow-up and the other not (n=542 pairs) 
4 Twin pairs where one had a long-term SA during the follow-up and the other not (n=184 pairs) 
5 Adjusted for birth year 
6 Model a, and additional adjustments for delivery year, and educational level 
7 Model b, and additional adjustments for earlier hospitalization 
8 Diagnoses O00-O99 excluded 

 

Table 4. Cox proportional HR with 95% CI for the association between hospitalization before and after first childbirth, and new sickness absence (SA) in year 
3-5 after T0, in twins who had their first childbirth 1994-2009 (n=2 792). Three models for adjustments as well as for discordant twin pairs. 

Status hospitalization before and after childbirth 
 SA in year 3-5  after T0 (regardless 

of number of days) 
 Long-term SA (>90 days) in year 3-5 

after T0 

  
Model a

3
 Model b

4
 Model c

5
 Discordant 
twin pairs

1, 4
 

Model a
3
 Model b

4
 Model c

5
 Discordant 
twin pairs

2, 4
 

No hospitalization either before T0
6 or during year 1-2 after T0

7 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
6 but not during year 1-2 after T0

7 1.2 (1.0-1.5) 1.2 (1.0-1.4) 1.2 (1.0-1.4) 1.0 (0.8-1.3) 2.3 (1.6-3.4) 2.1 (1.5-3.1) 2.2 (1.5-3.1) 1.2 (0.8-1.7) 

No hospitalization before T0
6 but during year 1-2 after T0

7 1.2 (1.1-1.4) 1.2 (1.0-1.4) 1.1 (0.9-1.2) 1.1 (0.9-1.4) 2.0 (1.5-2.8) 1.9 (1.4-2.7) 1.9 (1.4-2.7) 1.4 (1.0-2.1) 

Hospitalization before T0
6 and during year 1-2 after T0

7 2.0 (1.6-2.5) 1.8 (1.4-2.2) 1.6 (1.3-2.1) 1.6 (1.1-2.2) 4.2 (2.7-6.4) 3.5 (2.3-5.3) 3.5 (2.3-5.4) 1.5 (0.9-2.4) 
1 Twin pairs where one had an SA during the follow-up and the other not (n=542) 
2 Twin pairs where one had a long-term SA during the follow-up and the other not (n=184) 
3 Adjusted for birth year 
4 Model a, and additional adjustments for delivery year, and educational level 
5 Model b, and additional adjustments for subsequent deliveries 
6 During the period 1-5 years prior to T0 

7 Diagnoses O00-O99 excluded 
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Abstract 25 

Objective: To investigate associations of giving birth with morbidity in terms of 26 

hospitalization and social consequences of morbidity in terms of sickness absence (SA), while 27 

taking familial (genetics and shared environmental) factors into account. 28 

Design: Prospective register-based cohort study. Estimates of risk of hospitalization and SA 29 

were calculated as hazard ratios (HR) with 95% confidence intervals (CI). 30 

Setting: All female twins, i.e., women with twin sister, born in Sweden. 31 

Participants: 5118 Swedish female twins (women with twin sister), born 1959-1990, where 32 

at least one in the twin pair had their first childbirth (T0) 1994-2009 and none gave birth 33 

before 1994. 34 

Main outcome measures: Hospitalization and SA during year 3-5 after first delivery or 35 

equivalent. 36 

Results: Preceding the first childbirth, the mean annual number of SA days increased for 37 

mothers, and then decreased again. Hospitalization after T0 was associated with higher HRs of 38 

short-term and long-term SA (HR for short-term SA: 3.0; 95% CI 2.5-3.6 and for long-term 39 

SA: 2.3; 95% CI 1.6-3.2). Hospitalization both before and after first childbirth was associated 40 

with a higher risk of future SA (HR for long-term SA: 4.2; 95% CI 2.7-6.4). Familial factors 41 

influenced the association between hospitalization and long-term SA, regardless of childbirth 42 

status. 43 

Conclusion: Women giving birth did not have a higher risk for SA than those not giving birth 44 

and results indicate a positive health selection into giving birth. Mothers hospitalized before 45 

and/or after giving birth had higher risks for future SA, that is, there was a strong association 46 

between morbidity and future SA. 47 

Keywords: sick leave, childbirth, inpatient care, hospitalization, cohort study, population 48 

based, twins 49 
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Article Summary 51 

Article focus: 52 

To investigate associations of giving birth with morbidity in terms of hospitalization and 53 

social consequences of morbidity in terms of sickness absence (SA), while taking familial 54 

(genetics and shared environmental) factors into account.  55 

Key messages: 56 

- Women giving birth did not have a higher future SA risk than those not giving birth 57 

and results indicate a positive health selection into giving birth 58 

- The high levels of inpatient care in women who did not give birth suggest that there is 59 

a health selection in giving birth, where the women who give birth have a better health 60 

initially 61 

Strengths and limitations: 62 

- The strengths of the study include the population-based prospective design, using 63 

national registers with high completeness and validity 64 

- With a twin study design, we were able to take familial influences into account 65 

- As inpatient care to a great extent has been replaced by outpatient treatment, some of 66 

the decrease in hospitalization over the years is a result of a shift in the responsibility 67 

for inpatient care from hospitals to outpatient care facilities 68 

 69 
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Introduction 71 

In most countries with high labor force participation, women have higher levels of sickness 72 

absence (SA) than men 
1-4

. Many theories and mechanism regarding this have been suggested, 73 

e.g., women having higher morbidity, higher workload (when combining paid and unpaid 74 

work), tougher situation on the labor market, men being the norm for how the labor market is 75 

organized, gender bias in healthcare and social insurance systems, discrimination, and 76 

domestic violence, etcetera 
5-9

. Another hypothesis behind this gender difference in SA 77 

focuses on SA during pregnancy and after childbirth 
6 10-13

. Several studies show that women 78 

have higher SA during pregnancy 
10 14

 and that pregnancy-related SA explains half of the 79 

gender differences in SA in fertile ages 
15

.  80 

One of the changes in society that may affect health after childbirth is that the mean age for 81 

having the first child has increased over the last years and that women with higher level of 82 

morbidity now give birth. Further, nowadays, the proportion of caesarean sections has 83 

increased as well as vacuum extraction deliveries, leading to risk of later health problems 
16 17

. 84 

In this study, focus is on childbirth, morbidity, and SA among women, to get a better 85 

understanding of mechanisms behind SA among women in fertile ages. There are hardly any 86 

studies on the associations between giving birth and morbidity and SA, and those conducted 87 

have focused on a relatively short time period right after childbirth, most often within the first 88 

year following the child delivery 
18 19

, while prospective studies with longer follow-up of 89 

mothers are rare 
6 12 20

.   90 

Pregnancy, delivery, and the postpartum period may imply large physical, mental, and 91 

social changes during a short period of time, increasing the risk for disease and injury 
21 22

. 92 

Different types of physical and mental disorders are common during pregnancy and after 93 

childbirth – and can in some cases be longstanding or even permanent – however, this is 94 

hardly studied at all 
19

. Giving birth may be associated with a higher risk of certain diseases 95 

demanding hospitalization, such as cardiovascular diseases, musculoskeletal diseases, mental 96 
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disorders, and different types of injuries 
23-26

. For women with a disease present before the 97 

childbirth, the disorder might deteriorate after childbirth 
23 24

. Regarding symptoms related to 98 

childbirth, high prevalence has been shown six months after childbirth for e.g., low back pain, 99 

fatigue, headache, and sleep disorders 
19 27

. Most of these symptoms seem to remain up to one 100 

year after childbirth 
17

. Besides physical health effects, also depression and other mental 101 

disorders have been linked to childbirth 
26 28

, but again, prospective studies with longer 102 

follow-up are lacking 
27

. Even though having children has been shown to contribute to an 103 

overall wellbeing, this is not the case for everybody and especially not among single mothers 104 

whose economic situation and thereby possibilities for good health care might be worse 
29-31

.  105 

Morbidity can be measured in different ways, e.g., through self-reports and or visits to 106 

healthcare. Here we will use data on more severe morbidity that involves assessments from 107 

physicians, that is, morbidity that has led to hospitalization, a measure so far not used in this 108 

type of studies. Sickness absence is not a good measure of morbidity– most people with 109 

morbidity are not on SA 
4
. Instead SA is considered a very good measure of social 110 

consequences of morbidity, in terms of not being able to support yourself from work 
4
. Yet, 111 

there are surprisingly few studies on the association between morbidity and SA and in media 112 

and among some researchers sometimes even the level of morbidity among sickness absentees 113 

even is questioned, especially for female sickness absentees – their sickness absence is rather 114 

considered related to attitudes than to morbidity 
12 32 33

.  115 

Studies examining the role of familial factors (i.e., genetic and shared (mainly childhood) 116 

environment) on morbidity have shown that genetics tends to explain a moderate to large 117 

extent of the variability in most of the chronic diseases 
34 35

. For example, heritability for 118 

mental disorders varies between 30-90% 
36

, whereas genetic factors have been shown to 119 

explain 30-60% of the total variation in musculoskeletal disorders 
37 38

. Taken together, 120 

familial factors are important to account for when studying the association between morbidity 121 
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(here in terms of hospitalization) and SA as studies otherwise could lead to erroneous 122 

conclusions. Twin settings provide a powerful tool for studies of these aspects in research of 123 

SA, a research area where different selection biases otherwise might have an impact on 124 

results. Twins in a pair are optimally matched on genetic (100% for MZ pairs and on average 125 

50% for DZ pairs) and common environmental factors through childhood (100% for both MZ 126 

and DZ twin pairs when reared together) in addition to age and sex (for the same-sexed pairs). 127 

An experimental design, which can control for these familial influences, is to examine 128 

discordant twin sisters, that is, where one twin sister has given birth and the other has not. If 129 

discordant twin sisters show similar associations as the analyses of the whole cohort, this 130 

would indicate that the childbirth may actually be a contributing cause of the future SA. If 131 

instead the association found among the whole cohort cannot be replicated within discordant 132 

twin sisters, then familial factors are of importance. Influence of familial factors (genetic and 133 

common environment) is indicated if the association found in the analyses of the whole cohort 134 

disappear or change considerably in the analyses of discordant twin pairs 
39

. 135 

 136 

The aim of the study was to investigate the associations of giving birth with subsequent 137 

morbidity in terms of hospitalization and SA. Familial factors (genetics and shared/early 138 

environmental) were taken into account in order to assess if familial factors explain a 139 

potential association between childbirth and future hospitalization and SA. 140 

  141 
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Methods 142 

Participants and data sources 143 

We performed a prospective population-based cohort study of female twins. All female twins, 144 

i.e., women with a twin sister, born in Sweden between 1959 and 1990 were selected from the 145 

Swedish Twin Registry (STR) 
40

. After excluding women who delivered their first child 146 

before 1994 or whose twin sister had her first delivery before 1994, and twins where none in 147 

the pair had their first delivery between 1994 and 2009 (n=7 304), the final cohort comprised 148 

5 118 women of which 95% had income from work, the others had income from parental 149 

benefits, unemployment benefits, student benefits, different types of sickness benefits, or a 150 

mixture of those (in the year prior to the birth year, i.e., T(-1). All had some of those types of 151 

income, all granting rights to SA benefits. The Swedish Twin Registry (STR) is the largest 152 

population-based register of twin births in the world, with information such as birth date, sex, 153 

zygosity, and pair identification 
40 41

. The selection of the study population is illustrated in 154 

Figure 1.  155 

The unique personal identity number assigned to each Swedish resident 
42

 was used to link 156 

information from several nationwide population-based registers at an individual level up 157 

through 2009, as follows. The Causes of Death Register was used to obtain information on 158 

date of death 
43

. This register contains information on all deceased Swedish residents since 159 

1952. Information on all deliveries (including still births) was derived from the Medical Birth 160 

Register, which was established in 1973 and includes information on almost all births in 161 

Sweden 
44

. In order to increase the coverage on delivery, we also used the National Patient 162 

Register (NPR) to obtain information on all deliveries. This register was founded in 1964 and 163 

includes all individuals admitted to any psychiatric or general hospital 
45

. Information on 164 

hospitalization with a principal diagnosis for delivery (as defined by the International 165 

Classification of Disease (ICD): ICD-9: 650, 651.9, 652.2, 669.5-8; and ICD-10: O80-84) was 166 

obtained. The NPR was also used to obtain annual information on other hospitalizations, i.e., 167 
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inpatient care. Annual information on educational level and on SA days was obtained from 168 

Statistics Sweden. 169 

 170 

Time in relation to childbirth 171 

The studied women were followed in relation to year of first childbirth, referred to as T0. In 172 

order to compare those who gave birth to those who did not, T0 for the women who did not 173 

give birth was defined as year of her twin sister’s first childbirth. 174 

 175 

Hospitalization 176 

Data on hospitalization covered the period six years prior to, and six years after year of first 177 

childbirth (T0) or equivalent. For descriptive purposes, the total and the average number of 178 

hospitalization days per year were calculated. 179 

In order to examine if hospitalization prior to (or after) childbirth increases the risk for future 180 

hospitalization, the first part of the regression analyses considered hospitalization as both 181 

exposure and outcome. We created one dichotomous variable for hospitalization before T0 182 

(i.e., exposure), and two dichotomous outcome variables for hospitalization during year 3-5 183 

after T0: one for hospitalization with any diagnosis and one excluding hospitalization with 184 

diagnoses related to pregnancy, childbirth, and the postpartum period. 185 

In order to answer the research question "Does hospitalization prior to (or after) childbirth 186 

increase the risk for future SA?", we created two dichotomous hospitalization exposure 187 

variables: one for hospitalization before T0 and one variable: hospitalization year 1-2 after T0 188 

(excluding diagnoses related to pregnancy, childbirth, and the postpartum period). 189 

 190 

Sickness absence 191 
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SA can be measured in several ways, related to duration and incidence 
46

. Here we used the 192 

following four measures: total and average number of SA days per year; number of SA days 193 

during year 3-5 after T0; and  number of SA days >90 sick-leave days during year 3-5 after 194 

T0. 195 

Sickness insurance in Sweden 196 

In Sweden, all residents aged 16-65 years who have income from work, unemployment 197 

benefits, parental benefits, or student benefits are entitled to sickness benefits from the 198 

Swedish Social Insurance Agency, if unable to work due to disease or injury. Among 199 

employed individuals, sick pay was in most cases paid by the employer during the first 14 200 

days of a sick-leave spell, which means that we do not have data on most of the short sick-201 

leave spells. In most of the years studied, there was no limitation to duration of a sick-leave 202 

spell. Sickness benefits covered 80% of lost income, up to a certain level. All were covered by 203 

a health care insurance covering the right to hospital care when needed, at a much reduced 204 

cost, less than 10 Euros a day. Care during pregnancy and delivery was free. 205 

 206 

Potential confounding factor 207 

As research has shown socioeconomic disparities in age at first birth (e.g., the higher the 208 

education, the later the first birth) 
47 48

, we adjusted for educational level at T0. Years of 209 

education was classified into four categories; <9 years of compulsory school, 10-12 years of 210 

education (senior high school), ≥13years of education (college/university), missing. 211 

 212 

Statistical analysis 213 

First, Cox proportional hazard models with constant time-at-risk 
49

 were applied to estimate 214 

hazard ratios (HR) with 95% confidence intervals (CI) for having at least one hospitalization 215 

after childbirth (T0). In a first model (model a), adjustments were made for age. Second 216 
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(model b), additional adjustments were made for delivery year and educational level at time of 217 

T0. Thereafter, twin pairs who were discordant with respect to outcomes, i.e., having at least 218 

one hospitalization after T0, were analyzed using Conditional Cox regression. In the next step, 219 

we analyzed the associations between childbirth, hospitalization, and SA by fitting three Cox 220 

regression models (table 3). The first (model a) was adjusted for birth year. In the second 221 

model (model b), additional adjustments were made for delivery year and educational level at 222 

time of T0. In the third model (model c), previous hospitalization was included. Thereafter, 223 

twin pairs who were discordant (Conditional Cox regression) with respect to outcomes i.e., 224 

having had SA or long-term SA (>90 days) were analyzed.  225 

Finally, in the step where we analyzed the association between hospitalization before and 226 

after first childbirth, and subsequent SA (table 4), we adopted the first two models (model a-227 

b) from table 3. In a third model (model c), we fitted an additional model in which 228 

adjustments were made for subsequent deliveries.  229 

The proportional hazards assumption was checked by including time-dependent versions of 230 

all the covariates in the models. This did not indicate a violation of the proportionality 231 

assumption. 232 

All statistical analyses were performed with SAS 9.3 and STATA 12.1.  233 

The STROBE checklist was used in designing and reporting the study. 234 

The project was approved by the Regional Ethical Review Board of Stockholm. 235 
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Results 236 

Of the 5 118 women included in the study, 77% had given birth at least once between 1994 237 

and 2009 (Table 1). Of these women, nearly 70% also had given birth later, at least once. A 238 

majority of the women who gave birth had their first delivery before the age of 30 (61%). The 239 

educational level distribution was rather similar when comparing those who gave birth to 240 

those who did not. When hospitalizations with diagnoses for pregnancy and childbirth were 241 

excluded, 30% of the women, i.e., the 1 183 where both in a pair gave birth and the 407 twins 242 

where only one in the pair gave birth had at least one hospitalization during the period six 243 

years prior to and six years after their first delivery (the delivery year excluded). The 244 

corresponding rate for the women who had not given birth was 27%. Half of the women who 245 

gave birth had at least one day of SA during the period six years prior to or the six years after 246 

first delivery, when the year for childbirth was excluded. The majority of the women had no 247 

SA at all in the six years following childbirth. 248 

The average annual number of days with inpatient care and SA, respectively, is presented in 249 

Figure 2. Up to year T0, women who did not give birth had a higher average number of 250 

hospitalization days and SA days compared to those who gave birth. Women who gave birth 251 

had approximately 0.3 hospitalization days per year whereas those who did not give birth had 252 

around 0.5 hospitalization days per year. The average number of SA days for women giving 253 

birth was 3.8 days/year and for those not giving birth 5.0 days/year. SA differences between 254 

those giving birth and women not giving birth were statistically significant with the exception 255 

of year (-4) and (-3). For inpatient care, the differences between those giving birth and women 256 

not giving birth were not statistically significant. The average number of inpatient days 257 

increased rapidly during T0 for women who gave birth, especially because of hospitalization 258 

due to pregnancy and childbirth. After T0, the number of SA days decreased quickly among 259 

these women. For women who gave birth, days with inpatient care and SA the years following 260 

T0 were to a large extent associated with subsequent childbirths. 261 
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Table 2 presents HR for the association between childbirth and hospitalization, for all 262 

diagnoses and for diagnoses where those related to pregnancy, childbirth, and the postpartum 263 

period were excluded. When these diagnoses were removed, women who did not give birth 264 

and who had been hospitalized at least once before T0 had twice the risk of future 265 

hospitalization compared to those not hospitalized prior to T0 (HR: 2.3; 95% CI 1.6-3.3) after 266 

adjustments for birth year, delivery year, and educational level. The association was explained 267 

by familial factors in the analysis of discordant twin pairs (HR: 1.2; 0.8-1.9). 268 

When restricting the analyses to women who gave birth, a total of 2 792 women were 269 

studied, i.e., 1 396 complete pairs in which both twins had given birth. The reference group 270 

constituted of mothers who had not been hospitalized prior to their first childbirth. Mothers 271 

who had been hospitalized before their first childbirth had a slightly higher HR for future 272 

hospitalization when diagnoses related to pregnancy and childbirth were excluded (HR 1.5; 273 

1.2-2.0). This association disappeared in the analyses of discordant twin pairs, suggesting an 274 

influence of familial factors (HR: 1.0; 0.8-1.3). 275 

Regardless of childbirth status, hospitalization year 1-2 after T0 was a predictor of having a 276 

new SA in year 3-5 after T0 (Table 3). Compared to women who did not give birth and who 277 

were not hospitalized the first two years after T0, mothers hospitalized after first childbirth 278 

had an HR of 2.4 (2.0-2.9) for a new SA after adjustments for birth year, delivery year, and 279 

educational level. Hospitalization after T0 was also associated with a new long-term SA (>90 280 

days) in year 3-5 after T0 (Table 3). Women who did not give birth had a nearly three-fold 281 

risk of a new long-term SA year 3-5 after T0 (HR 2.8; 1.5-5.1), whereas women who gave 282 

birth had an HR of 1.8 (1.3-2.5). The analyses of twin pairs discordant for having a new long-283 

term SA year 3-5 after T0, showed attenuated point estimates, hence suggesting that familial 284 

effects may play a role. 285 
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The analyses, in which we considered hospitalization before and after first childbirth as 286 

exposure, and outcome was a new SA year 3-5 after T0  (Table 4) show that mothers who had 287 

been hospitalized at least once both before and after their first child birth had a higher risk of 288 

future SA (HR 1.8; 1.4-2.2). These women also had a higher risk of long-term SA; however, 289 

these risk estimates were not statistically significant. After controlling for familial 290 

confounding, the estimated risk for long-term SA for those who had been hospitalized before 291 

T0 was in the same direction but the HR was reduced, which suggest that also familial factors 292 

may have an influence on the studied association.  293 
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Discussion 294 

In this register study of a population-based Swedish cohort of female twins born between 295 

1959 and 1990, the associations of delivery with hospitalization and SA were examined as 296 

well as whether familial (i.e., genetic and shared, mainly childhood, environmental) factors 297 

were contributing to these associations. Just before the first childbirth, the SA days increased 298 

much for mothers, an increase that gradually decreased during the years after the delivery. We 299 

found hospitalization prior to T0 to be a risk factor for future hospitalization, regardless of 300 

childbirth status, also when excluding hospitalization due to childbirth. Furthermore, 301 

hospitalization after the first childbirth was associated with a higher HR of both short-term 302 

and long-term future SA. An additional analysis focusing solely on the women who gave birth 303 

showed that hospitalization both before and after the first childbirth was associated with a 304 

higher risk of future SA. Familial factors seemed to have an influence on the association 305 

between hospitalization and long-term SA, regardless of childbirth status. 306 

In line with some previous studies 
10 20 50 51

, we found that SA increased in women during 307 

the time before the first childbirth. Giving birth was also associated with a future somewhat 308 

higher risk for SA, in line with that of those not giving birth. However, this higher risk could 309 

be due to subsequent pregnancies. A recent Norwegian study found that the increased SA risk 310 

in women in the years after pregnancy disappeared when SA during subsequent pregnancies 311 

were accounted for 
20

. Several explanations have been suggested for such higher levels of SA, 312 

among others the double burden hypothesis 
20 52-54

. This hypothesis has been questioned, as 313 

research has indeed shown that women who occupy multiple roles tend to be healthier than 314 

those who enact fewer roles 
55-57

. Thus, the combination of employment and parenthood does 315 

not seem to imply worse health, on the contrary. In our study, the annual rates of SA 316 

decreased steadily after the first childbirth, speaking in favor of this hypothesis. Further 317 

studies of this are warranted. 318 
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To our best knowledge, this is the first study to examine long-term associations between 319 

childbirth, hospitalization and both short- and long-term SA. Women who gave birth did not 320 

have a higher risk for long-term SA nor for hospitalization (besides hospitalization due to 321 

subsequent pregnancy and childbirth) when compared to women who did not give birth.   322 

Those who did not give birth had a more stable pattern of SA during the studied period, 323 

however, with a slight increase in annual SA days over the years. This is in line with a 324 

Swedish study examining whether family obligations influence the risk of SA in publicly 325 

employed women and found a slight risk increase for SA among women without children 
58

. 326 

Further, a broad systematic literature review published in 2004 provided no evidence of an 327 

association between having children in the household and an increased risk of SA 
59

. It is 328 

important to consider family situation when examining the association between having 329 

children and morbidity, as single women with children have been shown to have worse health 330 

30 31 60
 and higher levels of SA 

6 58
. 331 

Even though pregnancy, delivery, and the postpartum period may increase the risk for 332 

disease and injury 
25 27

, our findings do not suggest that women who gave birth are more 333 

likely to be hospitalized after their first childbirth, except for hospitalizations related to 334 

subsequent deliveries. We found no differences in risk for future hospitalization when 335 

comparing those who gave birth to those who did not. Thus, giving birth does not have to be 336 

associated with subsequent health problems. The fact that we found no differences in future 337 

hospitalization between those who gave birth and those who did not, may have different 338 

explanations. As mentioned above, one could expect that there is a health selection, where 339 

women who do not give birth may have worse health and choose not to have or cannot have a 340 

child. Also, giving birth is in itself a risk factor for future morbidity
16 19 22

. Further, during the 341 

last decades, the number of women who voluntarily do not want to become parents has 342 

increased worldwide
61

. 343 
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Hospitalization prior to the first childbirth or equivalent (T0) was a risk factor for future SA 344 

for all women, regardless of childbirth status. In particular, women who had been hospitalized 345 

both before and after T0 were at risk for future SA. Furthermore, we found an association 346 

between hospitalization and future long-term SA. 347 

When comparing women who gave birth to those who did not, with respect to exposure to 348 

hospitalization and risk of SA, mothers hospitalized at least once after the first childbirth had 349 

slightly higher risk for future SA regardless of duration, whereas those who did not give birth 350 

hospitalized after T0 had higher risk for long-term SA. 351 

Hospitalization both before and after the year T0 seems to be the strongest indicator, i.e., 352 

these individuals had the highest risk for future SA. Consequently, the women who had been 353 

hospitalized both before and after T0 had the highest risk for future SA. Our analyses of 354 

women who gave birth revealed a graded association between hospitalization and SA, where 355 

those who only were hospitalized before or after their first childbirth had a higher risk of SA, 356 

whereas those who were hospitalized both before and after the first childbirth had even higher 357 

risks. Thus, we found a strong association between morbidity, here measured as 358 

hospitalization, and future SA among women who have given birth – an association that often 359 

has been question regarding women with children 
12

.  360 

Familial factors seemed to contribute to the association between hospitalization before and 361 

after T0 among those who did not give birth. The influence of familial factors may relate to 362 

morbidity among women not giving birth – morbidity that might be more severe and 363 

potentially also being relatively strongly influenced by genetics. Familial factors also played a 364 

role in the associations between hospitalization and future long-term SA. This could be 365 

related to the fact that the hospitalization usually is required for severe conditions that may 366 

have a strong genetic component. However, since genetics have been shown to influence the 367 

risk of DP 
62

, and some indications exist that genetics also play a role in long-term SA and 368 
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mortality, it can be suspected that the effects of familial factors on SA can be either direct or 369 

through other influential factors. 370 

 371 

Strengths and limitations 372 

The strengths of this study are the population-based prospective cohort study design, 373 

including all in the study population, not a sample, using nationwide registers with high 374 

completeness and validity 
43-45

. Further, we used a large study cohort without loss to follow 375 

up. With a twin study design, we were able to take familial influences into account. When 376 

measuring both exposure and outcome with register-based data, we avoid problem with recall 377 

bias.  378 

This study has, however, some limitations. First of all, we do not know whether the women 379 

who did not give birth were childless voluntarily or not. Differences in health between 380 

voluntary and involuntary childlessness have been shown, where voluntarily childless women 381 

showed higher levels of overall well-being 
61 63

 which might be related to hospitalization 382 

and/or SA. Using inpatient care as a measure of morbidity has both its strengths and 383 

limitations. One limitation is that we thus selected more severe types of morbidity, and hence 384 

that does not include morbidity treated in outpatient care. Having had also other types of 385 

morbidity data might have given another picture and hopefully future studies will have such 386 

information. Another limitation is that the terms for inpatient care have changed during the 387 

studied period. In Sweden, inpatient care has over the years to a great extent been replaced by 388 

outpatient treatment. Therefore, some of the decrease in hospitalization over the years is a 389 

result of a shift in the responsibility for inpatient care from hospitals to outpatient care 390 

facilities 
64

, however, this affected all women equally, and is to some extent handled by 391 

adjusting for birth year. The CIs are wider in the years far from T0, e.g., T6, due to fewer 392 

follow up year for some – e.g., for those who gave birth late during the studied period. Also, 393 
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we lack information on the shorter SA spells among those employed. Further, the Swedish 394 

Twin Registry (STR) contains all twin births in Sweden; hence, immigrants are not included 395 

in this study and as a consequence the external validity might be lower to women born outside 396 

of Sweden. 397 

It is important to be aware of that giving birth is in focus here, irrespective of whether the 398 

child survived or not. Some of the women who did not give birth might be mothers, e.g., due 399 

to adoption. Other studies in this area has ‘being mother’ or ‘living with child’ as exposure 400 

term, rather than ‘giving birth’. 401 

 402 

Conclusion 403 

Women giving birth did not have a higher future SA risk than those not giving birth and 404 

results indicate a positive health selection into giving birth. Mothers with different types of 405 

morbidity, in terms of hospitalization before and/or after giving birth had higher risks for 406 

future SA. Most women had no SA in the six years following childbirth and those who had 407 

SA generally had that for shorter periods. Among the few women who had severe morbidity, 408 

in terms of hospitalization, the future risk for SA was, as expected, higher. Hospitalization 409 

prior to T0 was strongly associated with later hospitalization and later SA. The high levels of 410 

inpatient care in women who did not give birth suggest that there is a health selection in 411 

giving birth, where the women who give birth have a better health initially. However, most 412 

women had no hospitalization and no SA.  413 
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Figure legends 442 

Figure 1. Flow chart for the study population. 443 

Figure 2. Average annual number of days on sickness absence (SA) and hospitalization, 444 

respectively, (with 95% CI), six years prior through six year after T0 for women who gave 445 

birth/did not give birth (n=5 118). 446 

 447 
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Table 1. Cohort characteristics for twins (women with twin sister) born in Sweden 1959-1990 (excluding 
those who gave birth before age 16 and those who died before age 16), where at least one in the pair had 
their first childbirth 1994-2009 and none before 1994. T0 is defined as year for first childbirth for women 
who gave birth, and year of twin sister's childbirth for those who did not give birth. 

Variables 
Both gave 

birth 

Twin pairs where only one in the pair gave birth 

Total Twin 1 (gave birth) Twin 2 (did not give birth) 

N 2 792 1 163 1 163 5 118 

          

Number of deliveries         

   One delivery 711 (25%) 501 (43%)     

   Two or more deliveries 2 081 (75%) 662 (57%)     

          

Age at T0         

   16-19 years 47 (2%) 33 (2%)     

   20-24 years 511 (18%) 239 (21%)     

   25-29 years 1 150 (41%) 444 (38%)     

   30-34 years 847 (30%) 323 (28%)     

   35-39 years 207 (7%) 109 (9%)     

   >40 years 30 (1%) 15 (1%)     

          

Zygosity         

   Monozygotic 1 726 (62%) 608 (52%) 608 (52%) 2 942 (57%) 

   Dizygotic 1 066 (38%) 555 (48%) 555 (48%) 2 176 (43%) 

          

Highest attained education
1
         

   ≤ 9 year 179 (6%) 74 (6%) 55 (5%) 308 (6%) 

   10-12 year 1 434 (51%) 608 (52%) 621 (53%) 2 663 (52%) 

   ≥ 13 year 1 173 (42%) 474 (41%) 422 (36%) 2 069 (40%) 

   Information on education missing 6 (0%) 7 (1%) 65 (6%) 78 (2%) 

          

Hospitalization
2
         

- At least one hospitalization during the period six years 
prior through six years after T0 2 161 (77%) 703 (60%) 325 (28%) 3 189 (62%) 

-At least one hospitalization during the period six years prior 
through six years after T0 (excluding hospitalizations with a 
diagnosis for pregnancy, childbirth, and the puerperium) 865 (31%) 315 (27%) 314 (27%) 1 494 (29%) 
- At least one hospitalization during the period six years 
prior through six years after T0 (excluding hospitalizations 
with a diagnosis for pregnancy, and childbirth) 1 183 (42%) 407 (35%) 325 (28%) 1 915 (37%) 
- At least one hospitalization during the period six years 
prior to T0 679 (24%) 251 (22%) 217 (19%) 1 147 (22%) 
- At least one hospitalization during the period six years 
after T0 1 965 (70%) 585 (50%) 168 (14%) 2 718 (53%) 

- At least one hospitalization both before and afterT0 483 (17%) 133 (11%) 60 (5%) 676 (13%) 

Sickness Absence (SA)
3
         

At least one SA during the period six years prior through six 
years after T0 1 526 (55%) 530 (46%) 365 (31%) 2 420 (47%) 

At least one SA during the period six years prior to T0 690 (25%) 274 (24%) 224 (19%) 1 188 (23%) 

At least one SA during the period six years after T0 1 245 (45%) 382 (33%) 221 (19%) 1 848 (36%) 
1 At time of T0 
2 Excluding hospitalizations occurring during T0 
3 Excluding SA occurring during T0 
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Table 2. Cox proportional hazard ratios (HR) with 95% CI for the association between childbirth, hospitalization before T0, and subsequent hospitalization (i.e., 
during year 3-5 after T0) in twins where at least one in the pair had her first childbirth in 1994-2009 and none before 1994, both including and excluding 
hospitalization related to pregnancy, childbirth, and the puerperium. Two models for adjustments as well as for discordant twin pairs. 

Status childbirth and hospitalization All diagnoses 
Diagnoses related to pregnancy, childbirth 

and the puerperium excluded
1
 

  
Model a

6
 Model b

7
 

Discordant 
twin pairs

2, 7
 Model a

6
 Model b

7
 

Discordant 
twin pairs

3, 7
 

All women (n=5 118) 
     

No childbirth, no hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization before T0
8 2.5 (1.7-3.6) 2.3 (1.6-3.3) 2.4 (1.3-4.5) 2.7 (1.8-3.9) 2.3 (1.6-3.4) 1.2 (0.8-1.9) 

Childbirth, no hospitalization before T0
8 6.1(5.0-7.5) 5.5 (4.5-6.8) 8.3 (5.8-11.8) 1.1 (0.8-1.3) 0.9 (0.7-1.2) 0.9 (0.7-1.1) 

Childbirth, hospitalization before T0
8 6.5 (5.2-8.1) 5.6 (4.4-7.1) 7.9 (5.4-11.5) 1.9 (1.4-2.5) 1.4 (1.1-1.9) 0.9 (0.7-1.2) 

       

 
Model a

6
 Model b

7
 

Discordant 
twin pairs

4, 7
 

Model a
6
 Model b

7
 

Discordant 
twin pairs

5, 7
 

Women who had at least one childbirth (n=2 792)  
    

No hospitalization before T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
8 1.0 (0.9-1.2) 1.0 (0.9-1.1) 1.0 (0.8-1.2) 1.7 (1.3-2.3) 1.5 (1.2-2.0) 1.0 (0.8-1.3) 

1 Diagnoses O00-O99 
2 Twin pairs where one had a hospitalization during the follow-up and the other not (n=1 016 pairs) 
3 Twin pairs where one had a hospitalization during the follow-up and the other not (n=456 pairs) 
4 Twin pairs (both giving birth) where one having had a hospitalization during the follow-up and the other not (n=508 pairs) 
5 Twin pairs (both giving birth) with one had a hospitalization during the follow-up and the other not (n=271 pairs) 
6 Adjusted for birth year 
7 Model a, and additional adjustments for delivery year, and educational level 
8 During the period 1-5 years prior to T0 
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Table 3. Cox proportional HR with 95% CI for the association between childbirth, hospitalization, and new sickness absence (SA) in year 3-5 after T0, in twins 
where at least one in the pair had their first childbirth 1994-2009. Three models for adjustments as well as for discordant twin pairs. 

Status childbirth and hospitalization 
SA in year 3-5 after T0 (regardless of number of days) Long-term SA (>90 days) in year 3-5 after T0 

Model a
5
 Model b

6
 Model c

7
 
Discordant twin 

pairs
1, 7
 Model a

5
 Model b

6
 Model c

7
 

Discordant 
twin pairs

2, 7
 

All women (n=5 118)         

No childbirth, no hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

No childbirth, hospitalization year 1-2 after T0
8 2.7 (1.8-4.1) 2.2 (1.5-3.4) 2.1 (1.4-3.2) 1.5 (0.8-2.9) 4.5 (2.5-8.2) 3.5 (1.9-6.2) 2.8 (1.5-5.1) 1.1 (0.5-2.3) 

Childbirth, no hospitalization year 1-2 after T0
8 2.1 (1.8-2.5) 1.8 (1.5-2.2) 1.8 (1.5-2.2) 1.7 (1.3-2.2) 1.1 (0.8-1.6) 1.0 (0.7-1.4) 1.0 (0.7-1.3) 0.8 (0.6-1.2) 

Childbirth, hospitalization year 1-2 after T0
8 3.0 (2.5-3.6) 2.4 (2.0-2.9) 2.4 (2.0-2.9) 2.0 (1.5-2.6) 2.3 (1.6-3.2) 1.8 (1.3-2.5) 1.8 (1.3-2.5) 1.0 (0.7-1.5) 

         

Women who had at least one childbirth  
(n=2 792)  Model a

5
 Model b

6 Model c
7 
Discordant twin 

pairs
3, 5 Model a

5 Model b
6 Model c

7 
Discordant 

twin pairs
4, 7 

No hospitalization year 1-2 after T0
8 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization year 1-2 after T0
8 1.3 (1.2-1.5) 1.3 (1.1-1.4) 1.2 (1.1-1.4) 1.2 (1.0-1.5) 2.0 (1.5-2.6) 1.9 (1.4-2.5) 1.8 (1.4-2.4) 1.4 (1.0-1.9) 

1 Twin pairs where one had a SA during the follow-up and the other not (n=835 pairs) 
2 Twin pairs where one had a long-term SA during the follow-up and the other not (n=277 pairs) 
3 Twin pairs where one had a SA during the follow-up and the other not (n=542 pairs) 
4 Twin pairs where one had a long-term SA during the follow-up and the other not (n=184 pairs) 
5 Adjusted for birth year 
6 Model a, and additional adjustments for delivery year, and educational level 
7 Model b, and additional adjustments for earlier hospitalization 
8 Diagnoses O00-O99 excluded 

 

Table 4. Cox proportional HR with 95% CI for the association between hospitalization before and after first childbirth, and new sickness absence (SA) in year 
3-5 after T0, in twins who had their first childbirth 1994-2009 (n=2 792). Three models for adjustments as well as for discordant twin pairs. 

Status hospitalization before and after childbirth 
 SA in year 3-5  after T0 (regardless 

of number of days) 
 Long-term SA (>90 days) in year 3-5 

after T0 

  
Model a

3
 Model b

4
 Model c

5
 Discordant 
twin pairs

1, 4
 

Model a
3
 Model b

4
 Model c

5
 Discordant 
twin pairs

2, 4
 

No hospitalization either before T0
6 or during year 1-2 after T0

7 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 1 (REF) 

Hospitalization before T0
6 but not during year 1-2 after T0

7 1.2 (1.0-1.5) 1.2 (1.0-1.4) 1.2 (1.0-1.4) 1.0 (0.8-1.3) 2.3 (1.6-3.4) 2.1 (1.5-3.1) 2.2 (1.5-3.1) 1.2 (0.8-1.7) 

No hospitalization before T0
6 but during year 1-2 after T0

7 1.2 (1.1-1.4) 1.2 (1.0-1.4) 1.1 (0.9-1.2) 1.1 (0.9-1.4) 2.0 (1.5-2.8) 1.9 (1.4-2.7) 1.9 (1.4-2.7) 1.4 (1.0-2.1) 

Hospitalization before T0
6 and during year 1-2 after T0

7 2.0 (1.6-2.5) 1.8 (1.4-2.2) 1.6 (1.3-2.1) 1.6 (1.1-2.2) 4.2 (2.7-6.4) 3.5 (2.3-5.3) 3.5 (2.3-5.4) 1.5 (0.9-2.4) 
1 Twin pairs where one had an SA during the follow-up and the other not (n=542) 
2 Twin pairs where one had a long-term SA during the follow-up and the other not (n=184) 
3 Adjusted for birth year 
4 Model a, and additional adjustments for delivery year, and educational level 
5 Model b, and additional adjustments for subsequent deliveries 
6 During the period 1-5 years prior to T0 

7 Diagnoses O00-O99 excluded 
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