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ABSTRACT
Background Daily intake of 57 g Jarlsberg cheese has
been shown to increase the total serum osteocalcin (tOC).
Is this a general cheese effect or specific for Jarlsberg
containing vitamin K2 and 1,4-dihydroxy-2naphtoic acid
(DHNA)?
Methods 66 healthy female volunteers (HV) were
recruited. By skewed randomisation (3:2), 41 HV were
allocated to daily intake of 57 g Jarlsberg (J-group) and
25–50 g Camembert (C-group) in 6 weeks. After 6 weeks
the C-group was switched to Jarlsberg. The study duration
was 12 weeks with clinical investigations every 6 weeks.
The main variables were procollagen type 1 N-terminal
propeptide (PINP), tOC, carboxylated osteocalcin (cOC) and
the osteocalcin ratio (RO) defined as the ratio between cOC
and undercarboxylated osteocalcin (ucOC). Serum cross-
linked C-telopeptide type I collagen (CTX), vitamin K2, lipids
and clinical chemistry were used as secondary variables.
Results PINP, tOC, cOC, RO and vitamin K2 increased
significantly (p<0.01) after 6 weeks in the J-group.
PINP remained unchanged in the C-group. The other
variables decreased slightly in the C-group but increased
significantly (p≤0.05) after switching to Jarlsberg. No CTX-
changes detected in neither of the groups.
Serum lipids increased slightly in both groups. Switching
to Jarlsberg, total cholesterol and low-density lipoprotein-
cholesterol were significantly reduced (p≤0.05). Glycated
haemoglobin (HbA1c), Ca++ and Mg++ were significantly
reduced in the J-group, but unchanged in the C-group.
Switching to Jarlsberg, HbA1c and Ca++ decreased
significantly.
Conclusion The effect of daily Jarlsberg intake on
increased s-osteocalcin level is not a general cheese
effect. Jarlsberg contain vitamin K2 and DHNA which
increases PINP, tOC, cOC and RO and decreases Ca++,
Mg++ and HbA1c. These effects reflect increased bone
anabolism and a possible reduced risk of adverse
metabolic outcomes.
Trial registration number NCT04189796.

INTRODUCTION
Vitamin K is important for bone health, and
low intake of vitamin K has been associated
with increased risk of fractures.1 Supplementation with vitamin K2, vitamin D and calcium
is a recommended first-
line treatment of

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Jarlsberg cheese contains long-chained vitamin K2

Dihydroxy-
naphthoic acid, and the daily
and 1,4-
optimal efficiency dose of 57 g/day increases the
osteocalcin level.

WHAT THIS STUDY ADDS
⇒ The present study was performed to verify the in-

crease in osteocalcin, the impact on bone turnover
markers (BTM) and to verify that the effect is not a
general cheese effect.
⇒ Daily Jarlsberg cheese consumption has a positive
effect on osteocalcin, other BTM’s, glycated haemoglobin and lipids.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY
⇒ These results indicates that Jarlsberg cheese might

have prophylactic effects on osteopenia and metabolic diseases. Further research may reveal the
possibility of recommending Jarlsberg cheese as
prophylactical treatment or even an addition to antiresorptive treatment in osteoporosis.

osteoporosis.2 Vitamin K2 is essential for
carboxylation or activation of Gla proteins.
Osteocalcin is 1 of the 17 Gla proteins in
humans, and carboxylated osteocalcin has a
key role in bone formation and maintenance.
The ratio between circulating carboxylated
and undercarboxylated osteocalcin reflects
the extrahepatic vitamin K status.
Vitamin K2 or menaquinone (MK) has
many variants.3 The short-chained MK-4 can
be formed from vitamin K1 in humans and is
found in animal products such as liver. The
long-chained vitamin K2 vitamers like MK-7,
MK-8, MK-9 and MK-9(4H) are of bacterial
origin, and occur in certain fermented foods
such as cheese.
These variants have greater extrahepatic
activity than MK-4 and vitamin K1; possibly
due to more efficient uptake and much
longer serum half-
life.4 Prospective cohort
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Effect on bone anabolic markers of daily
cheese intake with and without vitamin
K2: a randomised clinical trial



MATERIAL AND METHODS
Population and sample
The study population consisted of healthy Norwegian
women (healthy volunteer (HV)) of premenopausal
age. Pregnant women and women suffering from known
gastrointestinal disorder, abnormal liver or kidney function, lactose intolerance or known milk product allergy,
2

diabetes mellitus or verified cancer were excluded.
Women under systemic treatment with corticosteroids
or immunosuppressive drugs the last 3 weeks or participating in another clinical trial the last 6 weeks before start
of the study were not included.
Sixty-eight HVs were recruited by eight general practitioners from Viken County in Norway. Two HVs dropped
out from the study for personal reasons during the first
week. The study sample consisted of 66 HVs with a mean
age of 33.6 years (range: 19.4–51.9 years) and body mass
index of 24.3 kg/m2 (range: 15.0–35.4). By randomisation, 41 HVs were allocated to daily intake of Jarlsberg
cheese (J-group) and 25 to Camembert cheese (C-group).
The two groups were found comparable on all recorded
demographic data, concomitant diseases and treatment
(table 1). All ongoing treatments were kept unchanged
during the study. Vitamin D deficiency was initially
recorded in nine participants, and supplements were
provided to obtain normal range.
Study design and allocation
The study was performed as an open, randomised multicentre trial with semi crossover design.16 The participants were randomised for either 6 weeks of Jarlsberg
or 6 weeks of Camembert cheese. The participants allocated to Camembert were then switched to Jarlsberg for
an additional 6 weeks. The results obtained during the
first 6 weeks and the 6 weeks after switch in cheese are
reported. The study subjects were skewed randomly allocated (2:3) in two treatment groups; 41 in the J-group and
27 in the C-group. The allocation of participants to treatment groups was performed by the data manager prior
to the start of the study by stratified randomisation with a
fixed block size of 10.17 Two HVs withdrew, reducing the
C-group to 25. The participants were asked not to change
their usual diet during the study except for avoiding
other cheese than the cheese provided in the study. No
diet registration was performed, but the participants daily
registered their intake of either Jarlsberg or Camembert
during the study. The cheese compliance in the study was
95% and 92% in the J-group and the C-group, respectively. The compliance in the C-group after switching to
Jarlsberg was 93%.
Clinical procedure
The clinical part of the study was performed from March
2020 to August 2020. Clinical status and blood sampling
were performed initially and every 6 weeks. In addition
to common laboratory variables, the blood samples
were used for measurements of osteocalcin; PINP; CTX;
lipids and the vitamin K2 vitamers MK-7, MK-8, MK-9 and
MK-9(4H).
Clinical intervention
The J-group received 57 g/day or six slices Jarlsberg, and
the C-group 50 g/day of TINE Camembert cheese for 6
weeks. Participants of the J-group received 100 g packages
containing cheese slices of 10 g. The C-group received
Lundberg HE, et al. bmjnph 2022;0:e000424. doi:10.1136/bmjnph-2022-000424
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studies have demonstrated health benefits that can be
attributed to the intake of vitamin K2, but not K1. In the
Western diet cheese is the major source of long-chained
vitamin K2.5
MK-9 is the most important K2 vitamer in cheese, but
the amount varies considerably.6 Some cheeses also
contain MK-9(4H) and Jarlsberg cheese is particularly
rich in both MK-9 and MK-9(4H).7 This cheese is made
with lactic acid bacteria producing MK-8 and MK-9 and
Propionibacterium freudenreichii producing MK-9(4H).
A previous dose-response study of daily Jarlsberg with
healthy premenopausal women was performed with a
three-
level between patient response surface pathway
design.8 9 The maximum efficacy dose (MED) of Jarlsberg
in order to obtain increased vitamin K2 status, measured
as osteocalcin carboxylation and total serum osteocalcin
(tOC) level was estimated to 57 g/day.10 These results were
confirmed in a recent clinical study on the same study
population.11 The MED of 57 g/day Jarlsberg cheese was
verified to increase the vitamin K2 status and tOC level.11
The maintenance dose for this study population was estimated to 45 g/day of Jarlsberg and verified as sufficient
to keep the obtained tOC level. Osteocalcin is used as a
serum marker of osteoblastic bone formation indicating
that Jarlsberg stimulates bone formation.12 Bone markers
like procollagen type 1 N-terminal propeptide (PINP)
and serum cross-
linked C-
telopeptide type I collagen
(CTX) were not recorded.13 14
Although cheese has been associated with vitamin K2-
related health benefits, the effect of cheese consumption
on bone health has, to the best of our knowledge, never
been investigated in human controlled clinical trials.
Because of its high vitamin K2 content, Jarlsberg appears
to be a good candidate for such studies.
1,4-
dihydroxy-
2-
naphthoic acid (DHNA) has been
shown to have anti-
osteoporotic effects and increase
bone mineral density in ovariectomised mice.15 Jarlsberg
contains Proprionebacterium freudenreichii, which produces
MK-9-(4H), but also secretes DHNA. This might explain
the increase in tOC as well as the carboxylation of osteocalcin (cOC) and it has been suggested that DHNA could
be used in treatment of postmenopausal osteoporosis.15
If the raise of tOC and cOC levels is not a general cheese
effect, but a Jarlsberg effect, further studies on Jarlsberg
as prophylaxis are even more relevant. The aim of this
study was to compare the effect of daily Jarlsberg cheese
intake with a cheese without vitamin K2, but similar fat
and protein content, on PINP, tOC, cOC, RO and glucose
metabolism by glycated haemoglobin (HbA1c).
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Variable

Jarlsberg (n=41)

Camembert (n=25)

Age (years)

Mean (SD)
Min–max

34.2 (9.9)
19.6–51.9

32.6 (7.0)
19.4–42.6

Weight (kg)

Mean (SD)

66.8 (9.8)

69.3 (13.4)

Min–max

37.0–87.1

48.0–102.0

Mean (SD)

167 (6)

167 (6)

Min–max

156–185

152–178

Mean (SD)

23.8 (3.0)

25.0 (4.8)

Min–max

15.0–29.8

17.9–35.4

Systolic blood pressure

Mean (SD)

115 (13)

120 (18)

Min–max

92–154

93–169

Diastolic blood pressure

Mean (SD)

72 (10)

77 (10)

Min–max

54–101

56–98

Pulse rate

Mean (SD)

67 (13)

74 (12)

Min–max

40–120

46–97

Height (cm)
Body mass index

 Social status

Married/cohabitant

26

15

Divorced

2

3

Single

13

7

Smoking

Ex/no

3/38

1/24

Ethnic
 Concomitant disease under
treatment during the study

Asian/Caucasian

4/37

1/24

D-vitamin deficiency

6

3

Iron deficiency

1

0

Allergy

3

3

Asthma

1

1

Atopic eczema

2

0

Hypothyroidism

2

1

Fibromyalgia

0

1

Contraceptives

12

2

Hypertension

6

0

Tachycardia
Dyspepsia

1
1

0
1

150 g packages, divided in three equal parts. The corresponding energy and fat intake per day is 680 kJ and 14.0
g in the C-group, and 729 kJ and 15.4 g in the J-group.
Both the Jarlsberg and Camembert are produced by TINE
SA and cheese from three production batches was used.
The average vitamin K per 100 g of Jarlsberg cheese
contained 3.0 µg vitamin K1, 5.2 µg MK-4 and 1.5 µg MK-7,
6.7 µg MK-8, 23.9 µg MK-9 and 40.5 µg MK-9(4H). TINE
Camembert cheese does not contain vitamin K.
Vitamin K extraction and osteocalcin analysis
Vitamin K in cheese and blood samples was analysed as
described previously.10 11 The cOC and the undercarboxylated osteocalcin (ucOC) were measured in plasma by
immunoassays kits (Takara Bio, Ōtsu, Japan) by Vitas AS.
The tOC is defined as the sum of cOC and ucOC.
Lundberg HE, et al. bmjnph 2022;0:e000424. doi:10.1136/bmjnph-2022-000424

Central variables
The three main variables were PINP, tOC and the osteocalcin ratio Ro=cOC/ ucOC. The supporting variables
were sum of vitamin K2 and the variants MK-7, MK-8,
MK-9 and MK-9(4H). Additionally CTX, Glycated haemoglobin; the lipids; haematological and clinical chemistry
were used as secondary variables.
Randomisation
The participants were skewed allocated (2:3) to the
J-group and C-group by block randomisation with fixed
block size of 10.17
Statistical analysis
A significance level of 0.05; a power of 90% and a clinical relevant difference between groups of one time SD, a
minimum of 23 participants are required in each group.
3
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Table 1 Demographics, vital signs, social habits and concomitant diseases or claims
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Approvals
The study was performed in accordance with the research
protocol; ‘Effect of Jarlsberg cheese compared with cheese
without vitamin K2 (Camembert) regarding increased
Osteocalcin level in healthy women’, (ClinicalTrial.gov).

RESULTS
The tOC level increased significantly (p<0.01) from 21.4
ng/mL (95% CI: 16.6 to 26.2) to 25.8 ng/mL (95% CI:
21.0 to 30.6) after 6 weeks in the J-group (figure 1A). In
the C-group this level was slightly reduced from 23.3 ng/
mL (95% CI: 13.7 to 32.8) to 21.3 ng/mL (95% CI: 13.3
to 29.3). The difference in tOC increase between groups
was 6.4 ng/mL (95% CI: 13.7 to 32.8) and significantly
(p<0.01) in favour of Jarlsberg cheese. After switching
to daily intake of Jarlsberg in the C-group, the tOC level
increased significantly (p=0.05) from 21.3 ng/mL to
25.1 ng/mL (95% CI: 18.8 to 31.4) (figure 1A). A similar
pattern was detected for cOC and the Ro (table 2).
Both variables increased significantly in the J-group, but
remained unchanged in the C-group. The increase in cOC
and Ro was significant different in the two groups (p<0.01;
p=0.04). The level of ucOC was nearly unchanged in
both groups. After switching to Jarlsberg in the C-group,
both the cOC and the Ro increased significantly (p<0.01;
p=0.05) whereas the ucOC were unaffected (table 3).
PINP increased significantly (p<0.01) in the J-group,
but remained unchanged in the C-group (table 2). The
mean difference between the groups was 9.4 ng/mL
(95% CI: 1.3 to 9.3) and significant (p=0.01) in favour of
Jarlsberg. CTX was unaffected in both groups during the
study. After switching to Jarlsberg in the C-group, PINP
increased, but not significantly (table 3). However, PINP
decreased in 7 of the 25 participants; a proportion significantly (p≤0.05) below 50%. Four of these seven HVs had a
remarkably large PINP reduction, resulting in the lack of
significance on the mean level. CTX was unaffected after
switching in cheese.
The sum of vitamin K2 vitamers increased significantly
(p<0.01) from 0.38 ng/mL (95% CI: 0.30 to 0.45) to 0.72
ng/mL (95% CI: 0.64 to 0.81) after 6 weeks in the J-group
(figure 1A). A significant reduction (p=0.04) was detected
in the C-group. The development in sum of vitamin K2
was significant in favour of the J-group (p<0.01). After
switching to Jarlsberg in the C-group, the sum of vitamin
K2 increased significantly (p<0.01) from 0.41 ng/mL
(95% CI: 0.34 to 0.48) to 0.65 ng/mL (95% CI: 0.53 to
4

Figure 1 Development within- and comparison between
cheese groups on (A) total serum osteocalcin and (B) Sum
vitamin K2 vitamers. The yellow boxes show 95% confidence
intervals of the mean in the Jarlsberg treated group and the
blue similarly in the Camembert group. The mean values are
given as horizontal lines crossing the boxes.

0.79) (figure 1B). All the vitamin K2 vitamers MK-7, MK-8,
MK-
9 and MK-
9(4H) increased significantly (p<0.01)
after 6 weeks in the J-group but decreased in the C-group
(0.02≤p≤0.21) (table 2). The increases in all MK-
variants were significant in favour of Jarlsberg cheese. After
switching from Camembert to Jarlsberg, MK-8, MK-9 and
MK-9(4H) increased significantly (p<0.01) whereas MK-7
was nearly unchanged (table 3).
Mean HbA1c decreased significantly (p<0.01) after 6
weeks in the J-group (table 4). In the C-group this level
was significantly increased (p=0.05) The mean difference
in HbA1c development between groups was significantly
(p<0.01) in favour of Jarlsberg cheese. After switching
to daily intake of Jarlsberg in the C-group, mean HbA1c
decreased significantly (p<0.01) (table 5).
Triglycerides,
low-
density
lipoprotein
(LDL)-
cholesterol, total cholesterol and the cholesterol ratio
Lundberg HE, et al. bmjnph 2022;0:e000424. doi:10.1136/bmjnph-2022-000424
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The assumed continuously distributed variables were
expressed by mean values with 95% CI.18As an index of
dispersion, SD were given. Categorised variables were
given in contingency tables.19All tests were performed
two-tailed with a significance level of 0.05. Analysis of
covariance with baseline measurement as covariate was
used for comparison of groups.20
Changes within groups were tested by using a paired
two-tailed t-test.18
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Baseline

Week 6

Week 6—baseline
Jarlsberg
(n=41)

p<0.01

cOC=carboxylated
osteocalcin (ng/mL)

11.2 (9.0)

16.1 (18.3)

15.3 (9.5)

14.9 (15.0)

4.1 (6.8)

−1.2 (9.7)

8.4 to 14.1

8.6 to 23.7

12.3 to 18.3

8.7 to 21.0

2.0 to 6.2

−5.3 to 2.8

ucOC=undercarboxylated
osteocalcin (ng/mL)

10.2 (10.4)

7.2 (5.4)

10.3 (12.9)

6.6 (5.0)

0.2 (6.0)

−0.6 (1.9)

6.9 to 13.5

5.0 to 9.4

6.3 to 14.4

4.5 to 8.6

−1.7 to 2.1

−1.4 to 0.2

RO =carboxylated/
undercarboxylated

1.47 (0.94)

1.86 (1.14)

2.19 (1.31)

2.09 (1.34)

0.72 (0.90)

0.23 (1.09)

1.17 to 1.76

1.39 to 2.33

1.78 to 2.60

1.54 to 2.64

0.44 to 1.01

−0.26 to 0.65

CTX=collagen I (ng/mL)

Camembert
(n=25)

P values
between
groups

Variables

PINP=procollagen (ng/mL)

Camembert Jarlsberg
(n=25)
(n=41)

Camembert
(n=25)

Jarlsberg
(n=41)

61.1 (27.5)

61.4 (24.1)*

69.1 (34.9)

58.4 (21.7)

8.1 (13.9)

−1.3 (11.4)*

52.4 to 69.7

51.0 to 71.8

58.1 to 80.2

49.4 to 67.4

3.7 to 12.4

−6.2 to 3.6

0.29 (0.13)

0.27 (0.17)*

0.27 (0.15)

0.28 (0.15)

−0.02 (0.13)

0.02 (0.15)*

0.25 to 0.33

0.19 to 0.34

0.22 to 0.32

0.22 to 0.34

−0.06 to 0.02

−0.04 to 0.08

MK-7
(ng/mL)

0.12 (0.07)

0.21 (0.17)

0.15 (0.06)

0.18 (0.08)

0.04 (0.07)

−0.03 (0.15)

0.09 to 0.14

0.14 to 0.28

0.14 to 0.17

0.15 to 0.22

0.02 to 0.06

−0.09 to 0.04

MK-8
(ng/mL)

0.09 (0.07)

0.12 (0.08)

0.22 (0.11)

0.07 (0.06)

0.12 (0.10)

−0.05 (0.06)

0.07 to 0.12

0.09 to 0.15

0.18 to 0.25

0.04 to 0.09

0.09 to 0.16

−0.08 to 0.03

MK-9
(ng/mL)

0.09 (0.09)

0.11 (0.07)

0.21 (0.09)

0.05 (0.04)

0.12 (0.11)

−0.06 (0.07)

0.06 to 0.12

0.08 to 0.14

0.18 to 0.24

0.04 to 0.07

0.09 to 0.16

−0.09 to −0.03

MK-9(4H)
(ng/mL)

0.08 (0.06)

0.10 (0.07)

0.14 (0.07)

0.10 (0.05)

0.06 (0.05)

0.00 (0.05)

0.06 to 0.09

0.06 to 0.09

0.12 to 0.16

0.08 to 0.12

0.05 to 0.08

−0.02 to 0.02

1.15 to 1.26

1.11 to 1.26

1.18 to 1.29

1.10 to 1.22

−0.02 to 0.09

−0.08 to 0.03

p=0.47
p=0.03
p<0.01
p=0.27
p=0.02
p<0.01
p<0.01
p<0.01

*Two baseline blood samples in the Camembert group were lost and reduced the sample to 23 for estimation and comparison of the
development in PINP and CTX.
cOC, carboxylation osteocalcin ; CTX, C-telopeptide type I collagen ; MK, menaquinone; PINP, procollagen type 1 N-terminal propeptide
; Ro, osteocalcin ratio; ucOC, undercarboxylated osteocalcin.

LDL/high-density lipoprotein (HDL) increased slightly,
but significantly (p≤0.05) in both groups during the first 6
weeks of cheese intake (table 4). No significant difference
was detected between groups. After switching cheese in
the C-group, total cholesterol and LDL-cholesterol were
significantly reduced (p≤0.05). A slight but not significant reduction was detected in the triglycerides and the
cholesterol ratio (table 5).
Ca++ and Mg++ were significantly reduced in the J-group
(p≤0.05) but remained unchanged in the C-
group
(table 4). The differences between the groups were
found significant (p≤0.05). After switching cheese in the
C-group, Ca++ were significantly reduced (p≤0.05), but
Mg++ was found unchanged (table 5).
Phosphate increased in the J-group, but reduced in
the C-group. None of the changes were significant, but
the difference between groups was borderline significant
(table 4). When switching to Jarlsberg in the C-group, the
phosphate increased, but not significantly (table 5).
Urea increased significantly (p<0.01) in the J-
group
and decreased non-significantly in the C-group (table 4).
The difference between groups was found significant
(p<0.01). No change in urea was detected in the C-group
Lundberg HE, et al. bmjnph 2022;0:e000424. doi:10.1136/bmjnph-2022-000424

after the switch to Jarlsberg (table 5). Creatinine was
reduced significantly (p<0.01) in the C-group, but non-
significantly in the J-
group (table 4). The difference
between groups was not significant. No change in creatinine was detected in the C-group after the switch to Jarlsberg cheese (table 5).
DISCUSSION
In the J-group, the tOC and cOC increased significantly
confirming the results in the two previous dose-response-
studies.10 11 In the C-group the tOC was slightly, but not
significantly reduced after the first 6 weeks. Switching
from Camembert cheese to Jarlsberg was led to a significant increase in tOC and cOC. This supports that Jarlsberg
has a significant stimulatory effect on serum osteocalcin.
A Mediterranean diet enriched with virgin olive oil has
been associated with increased tOC in elderly men.21 The
present study is probably the first time dietary intervention has been able to demonstrate a significant increase
in the tOC level in a randomised controlled trial.
Measurable changes in Bone Mass Density (BMD)
require a minimum of 1 year observation. Like tOC,
5
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Table 2 Comparison of Jarlsberg and Camembert cheese in development of osteocalcin variables and bone markers and the
vitamin K2 vitamers during 6 weeks of daily cheese intake. The results are expressed by mean values with SD in bracket and
95% CIs
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Variables

Baseline Jarlsberg
(n=25)

6 weeks on Jarlsberg Week 6—baseline
(n=25)
(n=25)

P values within
variables

Carboxylated
osteocalcin (ng/mL)

14.9 (15.0)
8.7 to 21.0

19.0 (12.2)
14.0 to 24.1

4.2 (8.5)
0.7 to 7.7

 p=0.02

Undercarboxylated
osteocalcin (ng/mL)

6.6 (5.0)

6.1 (3.4)

−0.5 (2.6)

 p=0.32

4.5 to 8.6

4.6 to 7.5

−1.6 to 0.6

Ratio: carboxylated/
undercarboxylated

2.09 (1.34)

3.1 (1.28)

0.96 (1.06)

1.54 to 2.64

PINP: procollagen (ng/mL) 58.4 (21.7

2.53 to 3.58

0.53 to 1.40

61.1 (24.1)

2.7 (9.6)

49.4 to 67.4

51.2 to 71.1

−1.2 to 6.7

CTX:
(ng/mL)

0.28 (0.15)

0.25 (0.12)

−0.03 (0.10)

0.22 to 0.34

0.20 to 0.30

−0.07 to 0.01

MK-7
(ng/mL)

0.18 (0.08)

0.17 (0.10)

−0.02 (0.07)

0.15 to 0.22

0.13 to 0.21

−0.05 to 0.02

MK-8
(ng/mL)

0.07 (0.06)

0.17 (0.10)

0.10 (0.08)

0.04 to 0.09

0.13 to 0.21

0.07 to 0.14

MK-9
(ng/mL)

0.05 (0.04)

0.19 (0.12)

0.14 (0.11)

0.04 to 0.07

0.15 to 0.24

0.10 to 0.19

MK-9(4H)
(ng/mL)

0.10 (0.05)
0.08 to 0.12

0.13 (0.06)
0.10 to 0.15

0.02 (0.04)
0.01 to 0.04

 p<0.01
 p=0.17
 p=0.07
 p=0.30
 p<0.01
 p<0.01
 p=0.01

CTX, C-telopeptide type I collagen ; MK, menaquinone; PINP, procollagen type 1 N-terminal propeptide .

PINP is an osteoblast-derived bone formation marker.13
CTX is a marker of osteoclast activity and used to assess
the level of bone resorption.14 PINP and CTX are used
as bone turnover biomarkers and may predict changes in
BMD within 1–3 months.22 The present study included
healthy premenopausal women, but detected a significant
increase in PINP combined with unchanged CTX level
the J-group; reflecting stimulated osteoblast activity and
unaltered bone resorption. This indicates that daily use
of 57 g Jarlsberg during a period of at least 6 weeks may
increase BMD. The decreases in Ca ++ and Mg ++ caused
by consumption of Jarlsberg probably also reflect uptake
from the blood for net bone formation. Daily intake of
Camembert did not show these effects.
The vitamin K2 vitamers MK-
7, MK-
8, MK-
9 and
MK-9(4H) all increased significantly during the 6 weeks
in the Jarlsberg group. Significant reductions were
recorded in the C-group. After switching to Jarlsberg, the
increase in vitamin K2 in the C-group showed an almost
parallel pattern to the increase in the J-group. There was
a high degree of covariation between the rise of tOC and
vitamin K2. The calculated correlation between these two
variables is significant, but substantially weaker than the
graphical illustration may indicate, and was obvious in
the previous studies.10 11 In the dose-response study, the
level of vitamin K2 increased with increasing cheese dose
whereas tOC and cOC showed a maximum at 57 g cheese
a day and falling trends above this dose.10 A similar pattern
6

was also detected in the dose de-escalation study.11 This
should not be the case if vitamin K2 was the only factor
which increases tOC. Thus the increase in tOC cannot
solely be ascribed to the vitamin K2 content of Jarlsberg.
In vitro, vitamin K2 has been shown to stimulate
osteoblast differentiation and mineralisation, and some
human studies have found a BMD increase in postmenopausal women taking 45 mg daily of vitamin K2.23 24 The
vitamin K2 in Jarlsberg is formed by lactic acid bacteria
and propionic acid bacteria. These vitamin K2 vitamers
are different from those K2-tablets tested in clinical trials.
Propionibacterium freudenreichii has been found to produce
DHNA; an intermediate in the vitamin K2 biosynthesis.25
It has been suggested that DHNA could be an alternative or at least an additional treatment of postmenopausal
osteoporosis.16 In ovariectomised mice, this compound
was shown to stimulate the production of osteocalcin,
while vitamin K2 could not.16 DHNA is the possible key to
the tOC stimulatory effect of Jarlsberg. DHNA is formed
as an intermediate in the biosynthesis of vitamin K2 in
all organisms that produce the vitamin. However, to our
knowledge propionic acid bacteria are the only bacteria
reported to produce DHNA in substantial excess.
These results may come out additionally as important
facts for future pharmaceutical interventions.
The participants were asked to maintain their usual diet
during the study except for any cheese provided in the
study. The cheese compliances were found satisfactory,
Lundberg HE, et al. bmjnph 2022;0:e000424. doi:10.1136/bmjnph-2022-000424
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Table 3 Development in osteocalcin, bone markers and the vitamin MK variants after switching from Camembert to 6 weeks
daily Jarlsberg cheese intake. The results are expressed by mean values with SD in bracket and 95% CIs
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Baseline

Week 6

Week 6—baseline

P values
between
groups

Variables

Jarlsberg
(n=41)

Camembert
(n=25)

Jarlsberg
(n=41)

Camembert
(n=25)

Jarlsberg
(n=41)

Camembert
(n=25)

Triglyceride
(mmol/L)

1.0 (0.6)
0.9 to 1.1

1.2 (0.6)
1.0 to 1.5

1.1 (0.5)
0.9 to 1.3

1.4 (0.8)
1.1 to 1.7

0.1 (0.5)
0.0 to 0.3

0.2 (0.6)
−0.1 to 0.4

 p=0.41

LDL-cholesterol
(mmol/L)

2.7 (0.7)

3.2 (0.8)

2.9 (0.7)

3.4 (0.9)

0.2 (0.4)

0.2 (0.6)

 p=0.67

2.5 to 2.9

2.9 to 3.6

2.6 to 3.2

3.1 to 3.8

0.0 to 0.4

0.0 to 0.4

HDL-cholesterol
(mmol/L)

1.7 (0.4)

1.6 (0.4)

1.7 (0.4)

1.6 (0.3)

0.0 (0.2)

0.0 (0.2)

1.6 to 1.8

1.4 to 1.7

1.6 to 1.8

1.5 to 1.8

−0.1 to 0.1

−0.1 to 0.1

Total cholesterol
(mmol/L)

4.6 (0.7)

4.9 (0.6)

4.8 (0.7)

5.1 (0.7)

0.2 (0.4)

0.2 (0.5)

4.4 to 4.8

4.6 to 5.1

4.6 to 5.0

4.8 to 5.4

0.1 to 0.4

0.0 to 0.5

LDL/HDL

1.7 (0.6)

2.2 (1.0)

1.85 (0.62)

2.3 (0.9)

0.1 (0.3)

0.1 (0.4)

1.5 to 1.9

1.8 to 2.6

1.6 to 2.0

1.9 to 2.7

0.0 to 0.2

−0.1 to 0.2

Creatinine
(µmol/L)

60.9 (10.0)

64.1 (7.8)

59.9 (8.7)

61.2 (8.9)

−1.0 (6.5)

−2.9 (4.0)

57.8 to 64.0 60.9 to 67.3

−3.1 to 1.0

−4.5 to −1.2

Urea
(mmol/L)

4.76 to 5.55 5.01 to 6.34

Glycated
haemoglobin
(mmol/L)
Calcium (Ca+)
(mmol/L)

5.15 (1.25)
34.2 (2.8)

5.67 (1.61)
33.1 (2.4)

33.3 to 35.1 32.1 to 34.1
2.34 (0.09)

2.31 (0.09)

57.1 to 62.6 57.5 to 64.9
5.78 (1.06)

5.39 (1.62)

5.45 to 6.12 4.72 to 6.06
33.3 (3.1)

33.8 (3.1)

32.4 to 34.3 32.6 to 35.1
2.31 (0.08)

2.33 (0.09)

0.63 (0.95)

−0.28 (1.25)

0.33 to 0.93

−0.80 to 0.23

−1.0 (1.5)

0.7 (1.5)

−1.4 to −0.5

0.0 to 1.4

−0.03 (0.08)

0.02 (0.08)

2.31 to 2.37 2.28 to 2.35

2.29 to 2.34 2.29 to 2.37

−0.06 to 0.00

−0.01 to 0.05

0.86 (0.06)

0.83 (0.07)

−0.03 (0.06)

0.00 (0.04)

Magnesium (Mg+)
(mmol/L)

0.81 to 0.85 0.83 to 0.88

0.81 to 0.85 0.83 to 0.87

−0.05 to −0.01

−0.02 to 0.01

Phosphate
(mmol/L)

1.20 (0.16)
1.18 (0.18)
1.15 to 1.26 1.11 to 1.26

1.24 (0.18)
1.16 (0.14)
1.18 to 1.29 1.10 to 1.22

0.04 (0.15)
−0.02 to 0.09

−0.02 (0.14)
−0.08 to 0.03

0.86 (0.05)

0.85 (0.05)

 p=0.99
 p=0.52
 p=0.94
 p=0.43
 p<0.01
 p<0.01

 p=0.05
 p=0.05
 p=0.06

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

but the daily diet or possible change in diet was not
recorded. This might reduce the value of the obtained
results to some extent. However, the participants were
properly followed-up during the study and a systematic
significant change in the diet it is not likely.
Some studies on Asian women have reported that high
doses of vitamin K2 gave an increase in BMD, but this has
not been detected in Europeans.24 The bone anabolic
effects of daily Jarlsberg intake is more possibly caused by
its content of DHNA with stronger osteoblast stimulation
compared with vitamin K2.16
A possible explanation is that the increased tOC is
mainly caused by DHNA and carboxylated by the long-
chained vitamin K2 in Jarlsberg. In this process, calcium
and additionally magnesium is absorbed from serum and
increases BMD. Further studies should be performed to
investigate if daily intake of Jarlsberg cheese could affect
bone mass and structure in humans. Such studies could
be performed on borderline, untreated osteoporotic
patients or on endurance athletes. Several of such athletes
suffer from decreased BMD due to energy deficiency;
Lundberg HE, et al. bmjnph 2022;0:e000424. doi:10.1136/bmjnph-2022-000424

reduced resistance to infections and lack of nutritional
factors.26
During the 6 weeks daily intake of 57 g Jarlsberg, the
mean HbA1c was significantly reduced with 3% and
increased with 2% in the C-group. Switching from Camembert cheese to Jarlsberg led to a significant 3% decrease
in HbA1c. The inverse association of tOC with blood
glucose, HbA1c, the risk of type 2 diabetes and metabolic
syndrome is previously reported.27 28 The mechanisms
underlying these effects in humans are unknown, but
the role of osteocalcin as a hormone controlling energy
metabolism has been suggested.29 The obtained reduction of HbA1c during daily Jarlsberg intake indicates that
these associations are maintained even in the healthy
population, and suggests that daily intake of Jarlsberg can
be an aid in controlling major lifestyle-related diseases.
In the previous dose-
response study of Jarlsberg a
significantly reduction of blood lipids was observed.10 All
the results obtained in this dose-response study were verified in the de-escalation study except for the reduction
in blood lipids. This may possibly be due to temporary
7
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Table 4 Comparison of Jarlsberg and Camembert cheese in development of biochemical variables during 6 weeks of daily
cheese intake. The results are expressed by mean values with SD in bracket and 95% CIs



BMJ Nutrition, Prevention & Health

Variables

Baseline Jarlsberg
(n=25)

6 weeks on Jarlsberg
(n=25)

Week 6—baseline
(n=25)

Triglyceride
(mmol/L)

1.4 (0.8)
1.1 to 1.7

1.3 (0.6)
1.0 to 1.5

−0.1 (0.7)
−0.4 to 0.1

 p=0.32

LDL-cholesterol
(mmol/L)

3.4 (0.9)

3.1 (0.8)

−0.3 (0.5)

 p<0.01

3.1 to 3.8

2.8 to 3.5

−0.5 to −0.1

HDL-cholesterol
(mmol/L)

1.6 (0.3)

1.5 (0.3)

−0.1 (0.2)

1.5 to 1.8

1.4 to 1.7

−0.2 to 0.0

Total cholesterol
(mmol/L)

5.1 (0.7)

4.7 (0.6)

−0.4 (0.4)

4.8 to 5.4

4.5 to 5.0

−0.6 to −0.2

LDL/HDL cholesterol

2.3 (0.9)

2.2 (0.9)

−0.1 (0.3)

1.9 to 2.7

1.8 to 2.6

−0.2 to 0.1

Creatinine
(µmol/L)

61.2 (8.9)

61.3 (6.2)

0.2 (6.4)

57.5 to 64.9

58.8 to 63.9

−2.5 to 2.8

Urea
(mmol/L)

5.39 (1.62)

5.42 (1.63)

0.0 (1.5)

4.72 to 6.06

4.76 to 6.08

−0.6 to 0.7

Glycated haemoglobin 33.8 (3.1)
(mmol/L)
32.6 to 35.1

32.8 (2.4)

−1.0 (1.2)

31.9 to 33.8

−1.5 to −0.5

Calcium (Ca++)
(mmol/L)

2.33 (0.09)

2.29 (0.07)

−0.04 (0.08)

2.29 to 2.37

2.26 to 2.32

−0.07 to 0.00

Magnesium (Mg )
(mmol/L)

0.85 (0.05)

0.86 (0.07)

0.00 (0.06)

0.83 to 0.87

0.83 to 0.88

−0.02 to 0.03

Phosphate
(mmol/L)

1.16 (0.14)
1.10 to 1.22

1.20 (0.19)
1.12 to 1.28

0.04 (0.15)
−0.02 to 0.10

++

P values within variables

 p=0.05
 p<0.01
 p=0.20
 p=0.90
 p=0.92
 p<0.01
 p=0.03
 p=0.72
 p=0.19

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

changes in dietary habits and physical activity caused
by measures to limit the spread of SARS-CoV2.30 In the
present study, such factors might explain the lack of blood
lipid reduction during the first 6 weeks. After switching to
Jarlsberg in the C-group, a significant reduction of the
lipids was observed. This is in line with the inverse association between tOC and body fat reported in prospective studies.23The present study detected an increase in
s-phosphate connected with daily Jarlsberg intake which
might indicate that this cheese is not suitable for nutrition in end stage renal disease.
CONCLUSION
The effect of daily Jarlsberg intake on increased s-
osteocalcin level is not a general cheese effect. Jarlsberg
containing vitamin K2 and DHNA increases tOC, cOC, RO
and PINP and decreases s-Ca++, s-Mg++ and HbA1c. These
effects reflect increased bone anabolism and a possible
reduced risk of adverse metabolic outcomes.
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