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Abstract

Objectives

The objective of our study was to describe time trends in body height according to attained

educational level in women and men in Norway.

Methods

We used previously collected data from six repeated cross-sectional studies in the popula-

tion based Tromsø Study 1979–2016. Measured body height in cm and self-reported educa-

tional level were the primary outcome measures. We included 31 466 women and men aged

30–49 years, born between 1930 and 1977. Participants were stratified by 10-year birth

cohorts and allocated into four groups based on attained levels of education. Descriptive

statistics was used to estimate mean body height and calculate height differences between

groups with different educational levels.

Results

Mean body height increased by 3.4 cm (95% confidence interval (CI) 3.0, 3.8) in women

(162.5–165.9 cm) and men (175.9–179.3 cm) between 1930 and 1977. The height differ-

ence between groups with primary education compared to long tertiary education was

5.1 cm (95% CI 3.7, 6.5) in women (161.6–166.7 cm) and 4.3 cm (95% CI 3.3, 5.3) in men

(175.0–179.3 cm) born in 1930–39. The height differences between these educational

groups were reduced to 3.0 cm (95% CI 1.9, 4.1) in women (163.6–166.6 cm) and 2.0 cm

(95% CI 0.9, 3.1) in men (178.3–180.3 cm) born in 1970–77.

Conclusions

Body height increased in women and men. Women and men with long tertiary education

had the highest mean body height, which remained stable across all birth cohorts. Women

and men in the three other groups had a gradual increase in height by birth cohort, reducing

overall height differences between educational groups in our study population.
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Introduction

The maximal body height attained by an individual is a combined result of hereditary factors

and social-economical-political-emotional (SEPE) conditions from conception to adulthood

[1–6]. Several studies have shown an increase in height in European countries throughout

the twentieth century, establishing Northern European populations as the tallest in the world

[7–10]. This increase in height coincided with improvements in several areas influencing living

conditions such as diet, educational level, income, working conditions, improved health ser-

vices, and enhanced focus on public health [11, 12].

Throughout the twentieth century, body height increased in Norway, mirroring the secular

trend in height found in other Nordic countries [9]. This trend has been described previously

in young women and men in Norway, finding regional differences and a plateau in body

height after 1960 [9, 13–15]. However, height trends in adult Norwegian women are not well

described, since most studies on this subject in Norway have used data collected from male

conscripts or children/adolescents [9, 13–15].

Concurrent with the secular trend in height, the proportion of Norwegians with tertiary

education increased [16, 17]. Height differences between socioeconomic status (SES) groups

based on educational level have been reported in several European countries, pointing towards

a social inequality in body height [18–21]. A cross-sectional study of Norwegians born between

1926 and 1941, found that individuals with the longest education (17+ years) were 3.3 cm

(men) and 3.2 cm (women) taller than individuals with the shortest education (7–9 years) [22].

However, there is a gap in the literature of recent and population based studies, describing

time trends in measured body height across educational levels. Particularly, in adult women

and other groups of men than conscripts/students. Data on body height according to educa-

tional level in Norwegian birth cohorts after 1941 is currently missing from the literature. The

aim of the present study was to describe trends in body height in relation to attained educa-

tional level among women and men born between 1930 and 1977, using data from the popula-

tion based Tromsø Study.

Materials and methods

Study design and setting

We used data from the population based Tromsø Study, conducted in the municipality of

Tromsø, Northern Norway [23]. Tromsø is located around 400 km north of the Arctic Circle

and is the largest municipality in Northern Norway with around 73 000 inhabitants in 2015.

Inhabitants live in both rural and urban areas, with 80% of the population living in urban

areas around the city of Tromsø [24]. This is comparable to the urban/rural distribution of the

general Norwegian population, with 82.4% of Norwegians living in urban areas [25].

The Tromsø Study consists of seven surveys conducted between 1974 and 2016. The cohort

profile and data collection have previously been described in detail [23, 24, 26, 27]. The first

Tromsø Study (Tromsø1, 1974) comprised only of men, and was therefore not included in our

study. In the consecutive studies (Tromsø2-7, 1979–2016), both women and men were invited

[28]. Data were collected from clinical measurements and questionnaires.

Study participants

From 1979 to 2016, a total of 59 722 residents were invited to participate, and 44 489 partici-

pated in one or more surveys of the Tromsø Study. In our study, participants were included

after their first attendance, and we used their first measurements if they had attended more

than one survey.
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We excluded those who withdrew from Tromsø2-7 after data collection (n = 333), were out-

side of the age range (30–49 years) (n = 12 545) or had invalid height measurements (measured

wearing shoes or headgear) (n = 145). The age range 30–49 years was chosen to ensure that par-

ticipants had attained their highest level of education and to maximize the study sample size.

Since the lower age limit for participation was 30 years in Tromsø5-6 and 40 years in Tromsø7.

Participants aged 50+ years were excluded since height decline more rapidly past 50+ years [29].

The final study sample consisted of 31 466 participants (Fig 1).

Variables

Data on age and sex were derived from the national 11-digit unique personal identification

number provided to the Tromsø Study from the Norwegian National Population Registry.

Fig 1. Flow chart of study population. The Tromsø Study 1979–2016. Tromsø2 (1979–1980), Tromsø3 (1986–1987),

Tromsø4 (1994–1995), Tromsø5 (2001), Tromsø6 (2007–2008), Tromsø7 (2015–2016).

https://doi.org/10.1371/journal.pone.0279965.g001
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Body height and body weight were measured in a standing position without footwear. In

Tromsø2-4, height was measured to the closest 1 cm with a wall-mounted ruler. Weight was

measured to the closest 0.5 kg. In Tromsø5-7, height and weight were measured to the closest

0.1 cm and 0.1 kg, using an automatic electronic scale, Jenix DS 102 stadiometer (Dong Sahn

Jenix, Seoul, Korea).

Data on educational level was collected from questionnaires. Tromsø2, Tromsø3 and

Tromsø5 used open response categories. In Tromsø2 and Tromsø3, participants were asked,

“How many years of education have you had”. In Tromsø4, participants were asked, “What is

the highest educational level you have completed?” with five answer options (primary school

and secondary school, vocational school, upper secondary school, high education less than 4

years, and high education 4 years or more). The question used in Tromsø5 was phrased “How

many years of education have you completed”. Tromsø6 used the same question and response

options as Tromsø4, while Tromsø7 used the same question as Tromsø4 together with four

answering options (primary school and secondary school, upper secondary school, high edu-

cation less than 4 years, and high education 4 years or more).

Statistical analyses

Participants were grouped into 10-year birth cohorts. The educational categories were primary

education (primary school and secondary school), secondary education (completed upper

secondary school, ordinary or vocational subjects), short tertiary education (college/

university < 4 years), and long tertiary education (college/university > 4 years).

We recoded years of education from Tromsø2,3 and 5 to categorical variables (up to 9 years

of education = primary education, 10–12 years of education = secondary education, 13–15

years of education = short tertiary education, 16 + years of education = long tertiary education).

Using descriptive statistics, we estimated mean body height and standard deviations (SD) in

women and men. We calculated the difference (delta) in mean body height with 95% confi-

dence interval (CI) between participants in different birth cohorts (born 1930–1939, 1940–

1949, 1950–1959, 1960–1969, and 1970–1977). The same process was repeated according to sex

and educational level. Statistical analyses were conducted using STATA version 17.0 (Stata-

Corp., College Station, Texas, USA).

Ethics

Participants in Tromsø4-7 gave written consent at the time of the data collection that the col-

lected data could be used in future research. Participants from Tromsø2-3 provided verbal

consent, which was common practice at the time of the data collection (Tromsø2 1979–80 and

Tromsø3 1986–87). The use of data collected from participants who only provided verbal con-

sent in Tromsø2-3 was approved by the Regional Committee for Medical and Health Research

(REC North).

Results

The anthropometric and educational characteristics in women and men according to birth

cohort are presented in Table 1. Mean body height increased by 3.4 cm in women (95% CI

3.0, 3.8) and men (95% CI 3.0, 3.8) born in the 1970–77, compared to those born in the 1930–39

(Table 1). Among participants born in 1930–39, 4.9% of women and 9.8% of men had long ter-

tiary education, while 67.8% of women and 55.8% of men had primary education.

In participants born in 1970–77, 46.3% of women and 34.0% of men had long tertiary edu-

cation, 13.0% of women and 15.4% of men had primary education as their highest level of edu-

cation (Table 1).
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Height and educational level in women

Body height in women according to birth cohort and attained educational level are presented

in Table 2 and Fig 2. Body height remained stable (166.7–167.0 cm) in women with long ter-

tiary education in all five birth cohorts, whereas in women with primary education, body

height increased by 2.0 cm (95% CI 0.9, 3.1). An increased height by 1.2 cm was observed in

women born in 1970–77 with secondary education or short tertiary education compared to

women born in 1930–39 with secondary or short tertiary education, (95% CI 0.3, 3.3) (95% CI

0.0, 2.4), respectively. We observed a 5.1 cm (95% CI 3.7, 6.5) height difference between

women with primary education compared to long tertiary education level in the 1930–39 birth

cohort (Table 2). This difference between groups was reduced to 3.0 cm (95% CI 1.9, 4.1) in

women born in 1970–77 (Table 2).

Body height and educational level in men

Body height in men according to birth cohort and education are presented in Table 3 and Fig 2.

In men born 1970–77 with long tertiary education, body height was on average 1.0 cm (95% CI

-0.1, 2.1) taller compared with men born 1930–39. We observed increased height in the three

other educational groups as well, with the largest increase between cohorts (3.3 cm 95% CI 2.3,

4.4) among participants with primary education (Table 3).

In men born 1930–39, we observed a 4.3 cm (95% CI 3.3, 5.3) height difference in men with

long tertiary education compared to men with primary education (Table 3). The group

Table 1. Descriptive statistics according to sex and birth cohort�. The Tromsø Study2-7 (1979–2016).

10-year birth cohort

1930–39 1940–49 1950–59 1960–69 1970–77

Women

Number 1910 3800 4169 3887 2252

Age (years) 44.5 (3.0) 35.6 (4.3) 35.1 (3.7) 38.1 (6.25) 40.0 (5.0)

Body height (cm) 162.5 (6.0) 164.2 (6.2) 165.2 (6.2) 165.7 (6.24) 165.9 (6.5)

Body weight (kg) 63.3 (9.8) 61.7 (9.7) 63.1 (10.3) 68.8 (13.5) 72.5 (14.6)

BMI (kg/m2) 24.0 (3.6) 22.9 (3.4) 23.1 (3.5) 25.0 (4.70) 26.3 (5.1)

Primary education (%) 67.8 43.1 23.6 11.2 13.0

Secondary education (%) 19.8 28.4 35.6 40.8 20.2

Short tertiary education (%) 7.5 13.8 21.1 24.0 20.5

Long tertiary education (%) 4.9 14.8 19.7 24.0 46.3

Men

Number 1964 4009 4014 3499 1966

Age (years) 44.5 (3.0) 36.0 (4.5) 35.4 (3.8) 38.5 (6.3) 40.4 (4.7)

Body height (cm) 175.9 (6.7) 177.4 (6.7) 178.4 (6.8) 179.1 (6.8) 179.3 (6.7)

Body weight (kg) 77.6 (10.5) 77.7 (10.6) 79.0 (11.3) 84.8 (13.9) 89.3 (14.7)

BMI (kg/m2) 25.1 (2.9) 24.7 (2.9) 24.8 (3.1) 26.4 (3.9) 27.8 (4.3)

Primary education (%) 55.8 32.7 22.5 15.9 15.4

Secondary education (%) 25.1 28.8 32.7 41.1 29.6

Short tertiary education (%) 9.4 16.6 22.3 21.2 21.1

Long tertiary education (%) 9.8 21.9 22.5 21.8 34.0

� Values are mean (standard deviation) or percent. Number = number of participants in each birth cohort. Primary education = primary school and secondary school/

up to 9 years of education. Secondary education = upper secondary school/10-12 years of education. Short tertiary education = collage/university < 4 years. Long

tertiary education = college/university > 4 years.

https://doi.org/10.1371/journal.pone.0279965.t001
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Table 2. Body height by birth cohort and educational level in women�. The Tromsø Study2-7 (1979–2016).

10-year birth cohort

1930–39 1940–49 1950–59 1960–69 1970–77 Delta (95% CI)

Primary education

Number 1124 1456 873 461 171

Body height (cm) 161.6 (5.8) 163.0 (6.3) 164.0 (6.3) 164.0 (6.8) 163.6 (6.9) 2.0 (0.9, 3.1)

Secondary education

Number 326 942 1404 1373 481

Body height (cm) 163.6 (5.8) 164.3 (5.8) 164.5 (5.9) 164.7 (6.2) 164.8 (6.5) 1.2 (0.3, 3.3)

Short tertiary education

Number 125 462 788 851 497

Body height (cm) 165.1 (5.8) 165.5 (5.8) 166.0 (6.2) 166.2 (5.8) 166.3 (6.3) 1.2 (0.0, 2.4)

Long tertiary education

Number 82 498 899 1184 1087

Body height (cm) 166.7 (6.5) 166.1 (5.9) 166.3 (5.9) 167.0 (6.0) 166.6 (6.3) -0.1 (-1.5, 1.4)

CI, confidence interval; Delta, mean difference between 1930–39 and 1970–77 birth cohort.

� Values are mean (standard deviation). Number = number of participants in each birth cohort. Primary education = primary school and secondary school, secondary

education = upper secondary school, short tertiary education = college/university < 4 years, long tertiary education = college/university > 4 years.

https://doi.org/10.1371/journal.pone.0279965.t002

Fig 2. Trends in mean body height according to sex, educational level and 10-year birth cohort. The Tromsø Study2-7 (1979–2016).

Primary education = primary school and secondary school, secondary education = upper secondary school, short tertiary

education = college/university< 4 years, long tertiary education = college/university� 4 years.

https://doi.org/10.1371/journal.pone.0279965.g002
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difference between primary and long tertiary education was reduced to 2.0 cm (95% CI 0.9, 3.1)

in men born 1970–77 (Table 3). In men with secondary education or short tertiary education,

the highest mean height was observed in the 1960–69 cohort.

However, the difference between the 1960–69 and 1970–77 cohorts was small. Secondary

education had a 0.2 cm difference (95% CI -0.8, 0.4), short tertiary education had a 0.5 cm dif-

ference (95% CI -1.3, 0.3) (Table 3).

Discussion

Principal findings

Body height increased in each successive birth cohort in women and men born between 1930

and 1977 who participated in the Tromsø Study. Women and men with long tertiary education

had the highest mean body height, which remained stable across all birth cohorts. Women and

men in the three other educational groups had a gradual increase in height by birth cohort,

reducing overall height differences between groups. Similar trends were found in other studies

from Europe including Norway [18, 21, 22, 30].

The reduced height differences between educational groups might be the result of unmea-

sured improvements in SEPE conditions, influencing attained body height in all educational

groups except for the groups with long tertiary education. A recent review suggested that SEPE

factors are influential in determining adult height in addition to hereditary factors [6]. The

SEPE environment changed substantially in Norway during the growth period of our popula-

tion [31]. The improved SEPE environment was characterised by reduced poverty, and

improved access to nutrition, sanitation, and healthcare [31]. Improvements in these factors

are beneficial for growth and increase adult height in the population over time. This epidemio-

logical transition may explain the observed birth cohort effect on height across all educational

groups, except for the long tertiary education groups in our study.

Several studies point to the influence of educational level or SES of parents on height, find-

ing that individuals with high SES parents were taller than the general population [32–34].

These studies may be seen in conjunction with other studies from Spain and Japan, showing

Table 3. Mean body height in cm by birth cohort and educational level in men. The Tromsø Study2-7 (1979–2016).

10-year birth cohort

1930–39 1940–49 1950–59 1960–69 1970–77 Delta (95% CI)

Primary education

Number 957 1140 819 578 199

Body height (cm) 175.0 (6.7) 175.7 (6.5) 176.6 (6.5) 177.3 (6.9) 178.3 (6.9) 3.3 (2.3, 4.4)

Secondary education

Number 437 1013 1250 1309 607

Body height (cm) 176.2 (6.6) 177.3 (6.8) 178.3 (6.8) 178.9 (6.7) 178.7 (6.4) 2.5 (1.7, 3.3)

Short tertiary education

Number 162 579 826 697 445

Body height (cm) 177.3 (6.4) 178.0 (6.3) 179.1 (6.7) 179.6 (6.5) 179.1 (6.6) 1.8 (0.6, 3.0)

Long tertiary education

Number 168 792 923 898 706

Body height (cm) 179.3 (6.3) 179.9 (6.5) 179.9 (6.6) 180.3 (7.0) 180.3 (6.7) 1.0 (-0.1, 2.1)

CI, confidence interval; Delta, mean difference between 1930–39 and 1970–77 birth cohort

� Values are mean (standard deviation). Number = number of participants in each birth cohort. Primary education = primary school and secondary school, secondary

education = upper secondary school, short tertiary education = college/university < 4 years, long tertiary education = college/university > 4 years.

https://doi.org/10.1371/journal.pone.0279965.t003

PLOS ONE Time trends in body height according to educational level the Tromsø study 1979-2016

PLOS ONE | https://doi.org/10.1371/journal.pone.0279965 January 25, 2023 7 / 11

https://doi.org/10.1371/journal.pone.0279965.t003
https://doi.org/10.1371/journal.pone.0279965


that university students were taller than the general population in the same age-group in first

decades of the twentieth century [35, 36]. Most students in this period were from high SES

families, which might also have been the case for our participants with tertiary education in

the first two birth cohorts. However, this is uncertain since we were missing data on parental

educational level in our study population. The height gap between students and the general

population was reduced throughout the century, concurrent with the SEPE improvements in

society [35, 36]. This is in line with our findings of reduced height differences between educa-

tional groups.

A large study of Swedish men, born 1950–75 found that taller individuals were more likely to

have tertiary education. The authors also reported that the relationship between height and ter-

tiary education diminished with increasing birth-years [19]. This is also in line with our findings

of reduced height differences between groups based on educational attainment in the later birth

cohorts. In contrast to our findings, a study from Finland and Sweden did not find reduced

body height differences between educational levels among individuals born 1920–69 [37].

Our findings point towards a birth cohort effect with increased height by successive birth

cohorts. This is in line with findings from other European studies over the past century [7–10].

In our study, we observed that height reached a plateau in women and men born in 1960 or

later. The levelling off in women born after 1960 has also been observed in Finland, Sweden

and Denmark [7]. Similarly, it has been reported that height in men plateaued in the Nether-

lands and the Scandinavian countries after 1960 [8].

For participants born in the first three birth cohorts, the period of growth coincided with

the Second World War and its aftermath, which might have influenced attained adult height.

A Norwegian study reported that mean height for school children dropped between 1 and 5

cm during the war years (1940–1945). However, this was followed by a period of catch-up

growth in the following years suggesting that the impact of the war, on adult height was negli-

gible in these birth cohorts [15].

In our study population, there is a shift in attained educational level with the high percent-

ages of participants with tertiary educations, born after 1950. This is likely attributed to the

establishment of the University of Tromsø in 1972, in combination with the establishment of

the Norwegian State Educational Loan Fund in 1947. The public sector in Norway provides

tuition free tertiary education through public universities, and student loans to citizens

through the State Educational Loan Fund.

Strengths and limitations

The main strength of our study is the large and population based study sample of the Tromsø
Study with data from six cross-sectional studies collected over five decades, as well as the high

number of participants with anthropometric measurements and information from question-

naires. Our study is strengthened by the longitudinal data on height and educational level in

women, which has been underrepresented in the literature. In addition, we present data on

trends in measured height in men older than conscripts/students.

Our study also has some limitations. Family financial situation during childhood and the

educational level of parents are confounding factors on the association between height and

educational level. These variables were lacking in Tromsø2-5, and thus not included in our

study. Our findings are limited to the mainly urban Tromsø population, which equals the Nor-

wegian population in most aspects. Nevertheless, generalisation of our findings to rural popu-

lations in Norway must be made with caution.
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Conclusions

Our study describe trends in body height across educational groups over time and builds upon

a previous study with a rural population from Norway [22]. It also adds to the existing litera-

ture, linking differences in height to educational level across birth cohorts seen in other Euro-

pean countries. The reduced differences in height between educational levels may be seen as a

social equalisation of body height in our study population. We find that body height at popula-

tion level continues to be an indicator of SES in an urban Norwegian population. Clinicians

and health policy makers should be aware of the relationship between height in the population

and SES factors since both are known risk factor for several non-communicable diseases [38–40].
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