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Serum lipoproteins in day and shift workers:
a prospective study

A Knutson, H Andersson, U Berglund

Abstract
This study was designed to assess changes in
diet and serum lipoproteins in shift workers.
Twelve shift workers and 13 day workers were
examined before employment and after six
months at work. Total cholesterol and serum
triglycerides did not change significantly. In
both groups a decrease in systolic blood pres-
sure was observed. The ratio between apoB and
apoA-1 lipoproteins increased by 18% in shift
workers compared with 5% in day workers.
The change in the ratio between apoB and
apoA-1 lipoproteins showed a significant
inverse correlation with the change in intake of
dietary fibres.

Recent studies have indicated that shift work is
associated with an increased risk of coronary heart
disease (CHD).'" Few studies exist, however, of
traditional risk factors for CHD in shift workers.
Some have shown lipoprotein disturbances in shift
workers but those did not include dietary data.7 One
likely reason for increased levels of blood lipids in
shift workers might be their dietary habits but there
are no data available to support this assumption.
The present study had two aims: to determine

whether shift work results in disturbances of serum
lipoproteins and to determine whether dietary fac-
tors are related to changes in serum lipoproteins.

Material and methods
Workers who had applied for a job at a paper mill and
a machine manufacturing plant were invited to
participate in the study. The first examination was
carried out the week before employment started and
the second six months later.
Those who met the following criteria were

included in the study: men between the ages of 18 and
39 with normal concentrations of serum cholesterol
(< 7 0 mmol/l) and serum triglycerides (< 2-2
mmol/l). Subjects with any of the following were

excluded: shift work during the previous six months;
immigrants; and history of CHD, diabetes, kidney
disease, or any other chronic disease.
Of the 43 men who were enrolled in the study, 39

subsequently participated in the follow up examina-
tion six months later. Of these, six did not qualify
owing to incomplete dietary diaries. In addition,
eight were excluded because of an accident in the
laboratory resulted in incomplete serum analyses. Of
the 25 subjects who completed both examinations, 12
were shift workers and 13 day workers.
The shift workers worked a rotating three shift

schedule and were process operators. The shifts
changed at 0600, 1400, and 2200 in the following
sequence:
NNNN---MM-AAAM--MMMM-AAA-NNN----
--- (N = night shift, M = morning shift, A=
afternoon shift and - = day off).
The day workers were maintenance men and

metalworkers. The weekly working hours for day
workers were 40 and for shift workers 36.

All subjects completed a questionnaire that
included a detailed occupational history, smoking
habits, and current medical symptoms. The medical
examination included measurement of body weight
and height. Body mass index (BMI) was calculated:
BMI = body weight/height2.
Blood pressure was measured with a sphygmo-

manometer with the subject supine and after five
minutes of rest. Venous blood samples were drawn
from an arm vein in the morning after a night's sleep,
the subject having fasted from 2400 the night before.
Plasma was centrifuged within two hours, stored in a
refrigerator at 40 C, and analysed within three days.
The analyses of blood specimens included total
cholesterol, triglycerides, apolipoprotein-B (apoB),
apolipoprotein-Al (apoA-1), and y glutamyltrans-
ferase (GGT). Total serum cholesterol and serum
triglycerides were determined by enzymatic meth-
ods. ApoB and apoA-1 in serum were determined by
an immunochemical reaction. Within the range ofthe
method the turbidity of the immunoprecipitation,
measured at 340 nm, is proportional to the concentra-
tion of apoB and apoA-1 89

Nutrient intake was assessed from a four day
diary."11 The study subjects were instructed to
record everything they ate and drank during four
consecutive days. Each food item was recorded in
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detail, whether bread was white, brown, or whole-
meal, whether meat was fatty or lean, roasted,
stewed, or grilled. The individual intake of energy
and nutrients was calculated from national food
composition tables.'2

Validation of protein intake was performed
through assessment of urinary excretion of nitro-
gen."14 A 24 hour urine sample was collected during
one of the four days for which the dietary diary was
kept. Total volumes were recorded and aliquots of
the 24 hour collections were stored at - 20°C before
analysis. Total N was measured by the Kjeldahl
technique in an autoanalyser (Technicon).
The significance of difference in changes in the

different variables was tested by Student's t test and
X2-test as appropriate. Pearson correlation coef-
ficients were also computed.

Results

Table 1 summarises subject characteristics at the first
examination. The dietary intake of major nutrients
was similar in the two groups at the first examination
(table 2).
The mean protein intake in both study groups, as

estimated from dietary records, was 94 6 g (SD 16 7)
at baseline examination and 86-1 g (SD 204) at
follow up. The corresponding values computed from
urinary nitrogen losses were 91-0 g (SD 37 9) and
83 1 g (SD 37 4). The correlation coefficient between
protein intake assessed by dietary records and urin-
ary nitrogen losses was 0-23 (p = 005).
Table 3 shows the changes in dietary intake and

blood variables after six months ofwork. The change
in the ratio between apoB and apoA-1 was signifi-
cantly increased only in shift workers. When com-

Table I Subject characteristics in day and shift workers at
baseline examination (two tailed test)

Day workers Shift workers
(n= 13) (n= 12)

Mean SD Mean SD p

Age 25-6 6.4 21-0 4-4 0-05
Weight (kg) 71-0 8-1 78-5 9-6 0-05
Height (cm) 177-3 5-4 179-1 6-8 NS
BMI 22-6 2-2 24-5 3-3 0 05
Systolic blood

pressure 124 10 132 13 0 05
Diastolic blood

pressure 68 8 71 11 NS
Smokers 2 (15%) 1(8%) NS
Cholesterol (mmol/l) 5-0 0 9 4-0 0 6 0 01
Triglycerides

(mmol/l) 10 0 3 10 0 5 NS
apoB (g/l) 1-03 0 19 0-84 0 20 0 01
apoA-l (g/l) 1-17 0-20 1-17 0-29 NS
apoB/apoA-1 0 91 0-22 0-76 0-26 NS
GGT (pkat/l) 0-31 0-15 0-27 0 10 NS

apoB = Apolipoprotein-B.
apoA-1 = Apolipoprotein-Al.

Table 2 Intake of nutrients in day and shift workers at
baseline examination (two tailed test)

Day workers Shift workers
(n= 13) (n= 12)

Mean SD Mean SD p

Energy (kcal) 2762 381 2563 567 NS
Protein (g) 97 13 92 20 NS
Fat (g) 119 18 115 35 NS
Carbohydrate (g) 299 77 271 68 NS
Retinolekv(mg) 1-4 1-1 1 3 1-2 NS
Vitamin B, 2-3 0 3 1 9 0 5 0-05
Vitamin B12 (pg) 8-1 4-5 8-3 4-2 NS
Vitamin C (mg) 85 32 45 25 0-001
Vitamin D (pg) 6-9 2-7 6-2 3-0 NS
Calcium (mg) 1273 377 1355 390 NS
Iron (mg) 19 1-8 18 3-3 NS
Magnesium (mg) 376 64 320 61 0-05
Zinc (mg) 113 21 104 2-5 NS
Phosphorus (mg) 1687 296 1604 367 NS
Cholesterol (g) 0-42 011 0-36 0-14 NS
Saccharose (g) 58 42 50 24 NS
Fibres (g) 16 6 30 15-1 3-2 NS
P/S-ratio 0-36 0-08 040 0-08 NS

paring the two groups the difference in change of
apoB/apoA-1 was reduced to an insignificant value
(p = 0-07).
The shift workers significantly reduced their

intake of dietary fibre through a diminished intake of
vegetables and potatoes. Their intake of soft drinks
accounted for the increase in saccharose.
The change in fibre intake correlated inversely

with the change in the ratio of apoB to apoA-1
(r = -0-43, p = 005, see table 4).
No significant change in smoking behaviour was

shown. The systolic blood pressure decreased sig-
nificantly in both groups. An insignificant increase in
diastolic blood pressure was observed in both groups.
The change in systolic blood pressure did not
correlate significantly with changes in major
nutrients. The change in diastolic blood pressure,
however, correlated inversely with the change in the

Table 3 Changes in subject characteristicsfrom baseline
examination tofollow up (one tailed t test)

Day workers Shift workers Shift v
day

Change Change workers
% p % p p

Intake of:
Protein - 5 NS -13 004 NS
Fat - 1 NS -12 005 NS
Phosphorus - 4 NS -13 004 NS
Saccharose - 8 NS 45 NS 007
Fibres 1 NS -19 003 0-03

P/S-ratio - 2 NS 8 0 01 NS
Systolic BP - 5 0-04 - 9 0-02 NS
Diastolic BP 4 NS 4 NS NS
Cholesterol - 1 NS 3 NS NS
Triglycerides 28 NS 25 NS NS
apoB 1 NS 8 0 03 NS
apoA-1 - 2 NS 3 NS NS
spoB/apoA-1 5 NS 18 0 001 0-07
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Table 4 Pearson correlation coefficients between changes in
nutrient intake and changes in apoA-1, ApoB, and the ratio
ofapoB to apoA-1

Dietary item apoB apoA-1 apoB/ApoA-1

Energy -0 09 -0-02 -0 05
Protein - 0-08 0-03 - 009
Carbohydrate -0-11 0-01 -0-14
Fat -0-01 -0-08 0-17
Fibres -0-28 0-14 -0-43*
Saccharose -0 07 -0 04 -0 07

*p = 0 05

intake of dietary fibres (r = - 0 35, p = 0 04), car-
bohydrates (r = - 42, p = 0-02), and protein
(r = -0-34, p = 0 05).

Discussion
In this study a significant change in serum
lipoproteins was shown in shift workers. ApoB-
lipoproteins increased and a small decrease in apoA- 1
was observed. This resulted in a significant increase
in the ratio of apoB to apoA- 1.

Cholesterol is carried in blood plasma by several
lipoproteins including LDL and HDL cholesterol.
Epidemiological studies have shown that serum-
lipoprotein concentrations are strongly predictive of
the risk of atherosclerotic heart disease.'5 16
LDL cholesterol is associated with risk of CHD,

whereas HDL cholesterol has a protective effect.
Apolipoprotein B (apoB) is the protein component in
LDL lipoproteins and apolipoprotein A (apoA) is the
protein component in HDL lipoproteins.
Apolipoproteins subserve specific functions, which
include binding and solubilisation of lipids and
removal of cholesterol from cells. The ratio between
apoB and apoA is probably the best discriminator of
CHD.17-21
Although the serum values of lipoproteins in the

present study were normal in all subjects, the changes
in the lipoproteins in shift workers might influence
the risk of coronary events.

Previous studies have shown disturbances of
serum lipoproteins in shift workers. The Tromso
heart study reported raised levels of serum
triglycerides and total cholesterol in shift workers.5
In a cross sectional study of 601 male blue collar
workers we showed that shiftworkers had significan-
tly higher levels ofserum triglycerides.7 Total choles-
terol, however, did not differ comparing the two
groups.
The eating habits of shift workers have been

subject to much debate but so far few studies have
inquired how dietary intake is modified by shift-
work,22 and there has been no study ofthe association
between diet and serum lipoproteins in shift workers.
Our results are based on a small group of subjects

and the associations are statistically weak. Our find-

ings, however, suggest that lipoprotein disturbances
among shift workers could be explained by dietary
factors. Thus our results raise the possibility that
association between shift work and CHD could be
mediated, in part, by changes in nutrient intake due
to shift work.

The study was supported by grants from the Swedish
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