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Abstract
Background—While trouble sleeping is a common problem among women at mid-life, patterns
in trouble sleeping relating to social and health-related risk factors are unclear. This analysis
describes the dynamics of trouble sleeping among women at mid-life

Methods—The National Survey of Health and Development is a nationally representative study
of births in 1946 in England, Scotland, and Wales followed up through mid-life. Multistate life
table analysis utilised 893 women interviewed annually between ages 48 to 54 years.

Results—Women spent an average of 2.6 years with trouble sleeping, and the average length of
a continuous episode of trouble sleeping was 2.4 years. Among women who reported at least one
episode, the average number of episodes was 1.5. Health-related risk factors at age 43 of number
of physical conditions, anxiety and depression symptoms, use of prescription medication, and
current or past trouble sleeping were related to increased total and per episode duration of trouble
sleeping over the seven year study interval and increased duration per episode. Differences
associated with these risk factors ranged from 1.2 – 1.8 years for duration over the study interval
and 0.5-0.8 years per episode. There was no association between average number of episodes per
woman reporting at least one episode and these health-related risk factors at age 43.

Conclusions—This study provides support for association between increased duration of
trouble sleeping, in total and per episode, and health risk factors at age 43, suggesting a long-term
relationship between risk factors and sleep.
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INTRODUCTION
Trouble sleeping is an indicator of health and well-being associated with poor daytime
function, impaired psychomotor function, absenteeism from work, increased health care
utilization,[1] industrial and motor vehicle accidents [2] and increased mortality.[3;4]
Women disproportionately experience trouble sleeping compared to men from mid-life
through later life, [5] with the sex ratio increasing from 1.4 to 1.7 after age 45.[6] An
estimated 43% of women in the United Kingdom have experienced trouble sleeping.[7]
Some studies have found that hormonal changes associated with menopause are related to
trouble sleeping at mid-life [8-11] and may operate in part through vasomotor symptoms.
[6;12-14] Alternatively, the sex difference in patterns of trouble sleeping may relate to
greater exposure to social stress and more mental health problems at mid-life among women
compared to men.[1]

There is little longitudinal evidence concerning predictors of the persistence and incidence
of trouble sleeping [11;15-17] and the transition back to no trouble sleeping.[18] Because
trouble sleeping is a health condition that may fluctuate, evidence over time is necessary to
understand the dynamic nature of trouble sleeping. The objective of this paper is to describe
patterns in trouble sleeping among women between the ages of 48 and 54 in relation to life
course socioeconomic environment and health-related risk factors at age 43.

METHODS
Study population

The Medical Research Council National Survey of Health and Development (NSHD) is a
longitudinal study of health of a cohort of 2547 women and 2815 men drawn in a social
class-stratified, random sample of singleton births in England, Scotland, and Wales during
one week in March 1946. During the ages of analysis, the cohort remained representative of
the population born in Britain at the time.[19] Women study members responded to annual
questionnaires between ages 47-54, and this analysis uses data between ages 48-54. By age
53, 6% of the original women cohort members had died, while 9% lived abroad, 3% were
not traced, and 12% had refused to participate. Among the 1778 eligible women study
members, 1572 returned at least one questionnaire. A total of 893 women provided complete
information for the analysis. Ethical approval for this study was given by the North Thames
Multicentre Research Committee.

Outcome: Trouble sleeping—The outcome of interest was whether the respondent
reported bother from trouble sleeping in the past year for ages 48-54, for a total of seven
waves. The category of “no trouble sleeping” is a combination of women who did not
experience trouble sleeping and those who had experience but no bother. The category of
“trouble sleeping” consists of women who reported a little or a lot of bother. [9] For those
who responded to this question in 4 to 6 waves, missing values were imputed. If a year with
missing data year fell between two years with the same response, that response was used for
the missing year. Otherwise, the majority response of years with data was used for the
missing year. In the case of an equal number of responses for sleep outcomes, “no trouble
sleeping” was selected to replace the missing data. Trouble sleeping was imputed for 227 of
the 893 women in the sample.

Risk Factors—The following categories of risk factors were selected for analysis because
they were hypothesized to be associated with trouble sleeping or with other aspects of
women’s health at mid-life: socioeconomic factors,[6;20] physical health,[1;6;18;21-24]
mental health,[6;14;24] and health behaviours.[1;2;17;25]
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Socioeconomic environment factors—Social class was categorised as non-manual or
manual using the British Registrar General’s social class classification. Childhood social
class was based on the father’s occupation when the cohort member was aged 4 years. Adult
social class was derived on the basis of current or last occupation at 43 years. Educational
level by age 26 was categorized as no qualifications, up to ordinary secondary qualifications
(‘O’-levels usually attained at 16 years, and their training equivalents) advanced secondary
qualifications (‘A’-levels, usually attained at 18 years, or degree level and their equivalents),
and marital status at age 43 as single, married, widowed, separated, or divorced.

Health at Age 43—The Psychiatric Symptom Frequency Scale (PSF Scale) was used to
assess symptoms relating to anxiety and depression.[26] The scale measured the frequency
of problems in the past year according to 19 questions. Respondents reported number of
current physical health conditions from a list of 27 conditions, including bronchitis, heart
disease, diabetes, and severe headaches or migraine, for which they had seen medical
professionals in the past year. The number of prescriptions used for the same list of
conditions was also enumerated. Trouble sleeping status was derived from two questions. It
indicated whether the respondent reported ever experiencing trouble sleeping at age 43 (past
trouble sleeping) or experiencing the PSF Scale symptoms of trouble getting off to sleep or
trouble with waking up and not being able to get back to sleep for a spell of a minimum of
up to four months, once or twice a week, or three to ten times a month (current trouble
sleeping). Past trouble sleeping was grouped with current trouble sleeping because few
respondents reported only past trouble but not current trouble.

Health Behaviours at Age 43—Respondents reported number of prescription
medications utilised. Exercise status was categorised as inactive, participation in vigorous
activities once a week or less, or participation in vigorous activities more than once a week.
Smoking status measured whether the respondent smoked for at least a year, regardless of
number of cigarettes smoked, by age 43. Body mass index (weight/height2) was categorized
as < 18.5, 18.5 – 24.9, 25-29.9, and 30 or greater. Alcohol consumption referred to 0 drinks/
day (abstainers), 0.1-1.0 drinks/day (very light drinkers), 1.1-2.0 drinks/day (light drinkers),
2.1-4.0 drinks/day (moderate drinkers), and >4.1 drinks/day (heavy drinkers), and the last
two groups were combined due to small numbers of respondents in each category[27].

Statistical and Demographic Analysis
Factors related to the distribution of number of waves in which trouble sleeping was
reported between ages 48 and 54 were identified through a Kruskal-Wallis test for ordinal
variables and a Wilcoxon-Mann-Whitney test for binary variables. Among those variables
with significant relationships with distribution of number of waves of trouble sleeping,
duration of trouble sleeping over the seven year study interval was investigated using
multistate life table analysis with no absorbing state[28] (as cohort mortality was negligible
during the study interval). To describe the nature of differences in total duration, duration
per episode of trouble sleeping and average number of episodes of trouble sleeping per
woman reporting at least one episode[29] were calculated. Duration of trouble sleeping is
the sum of all years with trouble sleeping that women experienced on average, based on life
table calculations. Duration per episode is a count of the consecutive years with trouble
sleeping among all women, commencing either at the start of the study interval or when the
respondent reported no trouble sleeping in the prior wave, and ending when there is a
transition back to no trouble sleeping, divided by the number of episodes among all
respondents. Average number of episodes of trouble sleeping per woman reporting at least
one episode was calculated as the number of transitions from no trouble sleeping to trouble
sleeping among all respondents plus the number of women who reported trouble sleeping in
all waves, divided by the number of women who made at least one such transition plus the
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number of women who reported trouble sleeping in all waves. All life table measures
demonstrate unadjusted relationships.

The model assumed that women’s sleep status changes were uniformly distributed events
from age x to x + 1 and set the average age at transition between states to x + 0.5 for each
value of x. Another key assumption was that reporting of trouble sleeping in the past year
reflected status over the entire previous year, or in the case of a transition that it represented
status for half of a year on average. Because the data were collected prospectively, values
directly calculated from the data are reported, as opposed to implied values as in the case of
life tables that use period data. Based on this method, the time interval under study is the six
years that fall between the seven waves of data. STATA SE version 10 was utilized to
determine distributions of number of waves with trouble sleeping by risk factor the data, and
Microsoft Excel was used for the life table calculations.

RESULTS
Figure 1 demonstrates that the prevalence of trouble sleeping rose slightly from 38% to 42%
between ages 48 and 51 and then levelled around 45% between ages 52 and 54. As shown in
Figure 2, across ages 48-54, 77% of women reported trouble sleeping during at least one
wave, with 15% of women reporting trouble in every wave. Table 1 summarizes the
relationships between the distributions of the number of waves of trouble sleeping and risk
factor status. The table shows the distributions of trouble sleeping for those who reported
trouble in 0 or 1 wave (combined), and those who reported trouble in 6 or 7 waves
(combined). These values were selected because when the distribution shifted for significant
risk factors, the changes came in the ends of the distributions, and not in the middle values.
The relationships between responses of 3, 4, or 5 waves with sleep trouble and risk factors
are not shown in Table 1.

Women with higher PSF Scale scores at age 43, greater numbers of physical conditions at
age 43, past or current trouble sleeping at age 43, and utilization of more prescription
medications at age 43 were more likely to report higher numbers of waves with trouble
sleeping between ages 48-54 than their counterparts. Social class during childhood and at
age 43, educational attainment at age 26, marital status at age 43, exercise status at age 43,
smoking status at age 43, alcohol consumption at age 43, and body mass index at age 43
were not related to number of waves of trouble sleeping between ages 48-54.

Table 2 shows duration of trouble sleeping, duration per episode, and average number of
episodes per woman experiencing at least one episode for the risk factors that were
significantly related to the frequency of reporting of trouble sleeping over age 48-54.
Among the full sample, on average, each respondent was spent 2.6 years with trouble
sleeping, with 2.4 years per episode, and each woman ever experiencing an episode had an
average of 1.5 episodes. Women who reported higher scores on the PSF Scale at age 43,
more physical conditions at age 43, who were experiencing trouble sleeping at age 43 or
who had trouble sleeping at age 43, or who were taking more prescription medications at
age 43 reported more years with trouble sleeping between ages 48-54. The highest duration
was 4.0 years for women who reported past or current trouble sleeping at age 43, and the
lowest duration was 1.5 years for a PSF Scale Score of 0 to 4. The highest and lowest levels
of duration per episode were also associated with past or current trouble sleeping at age 43
(2.9 years) and a PSF Scale Score of 0 to 4 (1.9 years), respectively. While duration per
episode also rose with increased levels of these risk factors, the average number of
transitions remained relatively constant around 1.4. Differences in duration of trouble
sleeping over the six year interval reflect the experience by women with certain risk factors
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of more consecutive years of trouble sleeping, as opposed to years accumulated over more
frequent, shorter episodes.

DISCUSSION
Principal findings

Prospective data from a British birth cohort showed that trouble sleeping is a common
problem at mid-life among women that is related to prior health status. Reporting of higher
numbers of waves with trouble sleeping, increased duration of trouble sleeping between ages
48-54, and higher average number of episodes were related to increased number of physical
conditions, increased symptoms of depression and anxiety, use of prescription medications,
and reporting of past or current trouble sleeping at age 43. Number of transitions per woman
who reported at least one transition was not related to these four health risk factors. Health
behaviours at age 43 and socioeconomic characteristics were not related to any measure of
trouble sleeping.

Strengths and limitations
To our knowledge, this analysis is the first to study the relationships between the outcome of
trouble sleeping and prospective measures of risk factors using multistate life table measures
of duration, duration per episode, and average number of episodes.

There are several limitations concerning the life table model. First, the model makes a
Markovian assumption in that the current state does not depend on the previous ones.[30] As
the results here and in other studies[15;22;23] have shown, history of trouble sleeping
predicts current trouble sleeping. Second, there are no standard methods for testing
statistical significance among differences in life table values. Third, the models do not
efficiently account for time-dependent variables and are best used in this context to study the
relationships between a longitudinal outcome and the status of risk factors at one point in
time. Therefore, results from the multistate life table analysis are purely descriptive.

There are also limitations to the data. The survey questions may not accurately capture
trouble sleeping, as this concept is difficult to measure.[6] While the analysis assumes that
the response to trouble sleeping in the past year represents the entire year, it is possible that
respondents experienced the designated status for only a small portion of the year.
Sensitivity analyses of imputing using responses concerning sleep trouble in the past month,
when available, produced similar results as with imputation using the existing responses
concerning trouble sleeping in the past year in other waves. However, as we rely on a binary
indicator of sleep trouble, we may miss any more nuanced differences. The self-report of
trouble sleeping may be another limitation of the study. Nevertheless, self-assessed report
remains important since such perceptions may prompt the decision to seek medical help.[31]

Implications and future research
Results suggest that total duration and duration per episode of trouble sleeping at mid-life
are predicted by prior health status. Risk factors are related to lengthening of the amount of
consecutive time spent with trouble sleeping, as opposed to altering the number of times one
experiences trouble sleeping. Prevention of risk factors may decrease future trouble
sleeping. As the number of episodes does not appear to change according to risk factor
status, an alternative strategy might focus on techniques to relieve trouble sleeping once an
episode has begun. Results for the relationships between increased duration and duration per
episode of trouble sleeping and problems with physical health,[2] use of prescription
medications,[1;18] depression and anxiety,[16;18;21] and past trouble sleeping,[15;22;23]
are consistent with previous studies that used other measures of trouble sleeping. Although
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previous findings have suggested relationships between trouble sleeping and smoking[6] and
being divorced, widowed, or separated,[2] this analysis did not find similar relationships.
While no relationship between these measures of sleep trouble and socioeconomic status in
childhood or adulthood was detected, previous evidence has been mixed concerning these
associations.[6] The lack of relationships between trouble sleeping and alcohol use[1] and
weight[17] in our study may be due to reverse causation, which other studies have
suggested. Discrepancies in results may also relate to different definitions of and time
frames of trouble sleeping and use of multivariate results.

Future work will utilize alternative methods to investigate the multivariate relationships
between dynamics of trouble sleeping at mid-life and risk factors measured repeatedly
between ages 48-54. The multistate life table analysis has demonstrated a relationship
between increased duration of trouble sleeping, in total and per episode, and health risk
factors at age 43, suggesting a long-term relationship between risk factors and sleep.
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What is already known on this topic

Trouble sleeping is common among women at mid-life. Women who experience
difficulty with physical and mental health have a higher prevalence and incidence of
trouble sleeping at mid-life.

What this study adds

This study uses multistate life table analysis, a technique from demography to study
transitions, to estimate the duration over 7 years and duration per episode of trouble
sleeping and average number of episodes per woman who experienced at least one
episode, in relationship to life course socioeconomic characteristics and health-related
risk factors at age 43. Risk factors related to physical and mental health at age 43 were
also related to these longitudinal measures of trouble sleeping at mid-life. Results suggest
that trouble sleeping should be viewed as a dynamic process.
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Figure 1.
Percentage of Women Reporting Trouble Sleeping by age (N = 893)
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Figure 2.
Percent Distribution of Waves with Trouble Sleeping, Age 48-54 (N= 893)
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Table 1

Unadjusted Relationships between Number of Waves of Trouble Sleeping (Age 48-54) and Life Course Risk
Factors (N= 893)

Variable (N) Percentage reported
trouble sleeping in 0
or 1 wave (Age 48-

54)*

Percentage reported
trouble sleeping in 6
or 7 Waves (Age 48-

54)*

P value

Study Sample 38.4 25.9 -

Socioeconomic Factors

Childhood social class at age 4 0.14

 Manual (487) 40.3 24.0

 Non-manual (406) 36.2 28.1

Adult social class at age 43 0.22

 Manual (224) 36.6 29.5

 Non-manual (669) 39 24.7

Education at age 26 0.27

 None (293) 39.9 25.6

 Lower secondary level qualifications (324) 40.4 21.9

 Advanced secondary (219) 34.7 29.7

 Degree level or equivalent (57) 33.3 35.1

Marital status at age 43 0.60

 Single (41) 22.1 19.5

 Married (737) 38.1 26.1

 Widowed (15) 33.3 33.3

 Separated (22) 40.9 27.3

 Divorced (78) 34.6 25.6

Health at Age 43

 PSF Scale score (0 - 87) <0.0001

 0 to 4 (204) 61.8 9.8

 5 to 9 (231) 36.8 19.5

 10 to 16 (220) 30.5 32.7

 17 to 87 (238) 27.3 39.5

Number of physical conditions (0 to 9) <0.0001

 0 (401) 45.1 21.0

 1 (282) 34.8 27.3

 2 to 9 (210) 30.5 33.3

Trouble sleeping status <0.0001

 No (732) 43.7 20.8

 Yes (161) 14.3 49.1

Health Behaviours at Age 43

Use of prescription medication(0 - 7) <0.0001

 0 (497) 43.3 21.9

 1 (256) 32.4 29.3

 2 to 7 (140) 32.1 33.6
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Variable (N) Percentage reported
trouble sleeping in 0
or 1 wave (Age 48-

54)*

Percentage reported
trouble sleeping in 6
or 7 Waves (Age 48-

54)*

P value

Exercise at age 43 0.67

 Inactive (486) 38.3 24.9

 Vigorous < 1x/week (201) 39.8 25.4

 Vigorous > 1x/week (206) 37.4 28.6

Smoking status by age 43 0.08

 Ever smoker (161) 40.7 22.9

 Never (732) 36.1 28.9

Alcohol consumption in drinks/day 0.56

 0 (299) 36.5 23.8

 0.1 - 1.0 (369) 38.8 28.2

 1.1 - 2.0 (143) 43.4 23.1

 2.1 or more (82) 35.4 28.1

Body mass index 0.61

 <18.5 (61) 42.6 19.7

 18.5-24.9 (503) 38.6 25.3

 25-29.9 (224) 35.7 28.1

 30 or greater (105) 41 27.6

Wilcoxon-Mann-Whitney test of differences in distributions used for binary exposure variables (social class at age 4 and age 43, history of trouble
sleeping at age 43, and smoking status at age 43) and Kruskal-Wallis test of differences in distributions used for ordinal exposure variables
(education at age 26, marital status at age 43, number of physical conditions at age 43, PSF Scale score at age 43, number of prescription
medications at age 43, alcohol consumption at age 43, and body mass index at age 43). Distribution of respondents reporting 3,4, or 5 waves of
trouble sleeping not shown because of consistency across risk factors. N = 893. P values correspond to the association between each exposure
variable and trouble sleeping across all waves.

*
Row percentage
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Table 2

Total Duration of Trouble Sleeping, Duration per Episode of Trouble Sleeping, and Average Number of
Episodes per Woman Experiencing at Least One Episode, by Risk Factor Status (N=893)*

Total duration of
trouble sleeping
(Years)

Duration per episode of
trouble sleeping (Years)

Average number of
episodes per
woman
experiencing at
least one episode

Study Sample 2.6 2.4 1.5

Health at Age 43

PSF Scale score (0 – 87)

 0 to 4 (204) 1.5 1.9 1.4

 5 to 9 (231) 2.5 2.1 1.5

 10 to 16 (220) 3.0 2.5 1.5

 17 to 87 (238) 3.3 2.7 1.4

Number of physical
conditions (0 to 9)

 0 (401) 2.3 2.2 1.3

 1 (282) 2.7 2.3 1.5

 2 to 9 (210) 3.1 2.7 1.4

Trouble sleeping status

 No (732) 2.3 2.2 1.4

 Yes (161) 4.0 2.9 1.5

Health Behaviours at Age
43

Use of prescription
medication(0 - 7)

 0 (497) 2.4 2.2 1.4

 1 (256) 2.9 2.4 1.5

 2 to 7 (140) 3.0 2.8 1.4

*
unadjusted
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