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Abstract Background & aims: The favorable effect of caloric restriction (CR) on health span is
well known and partly mediated by the sirtuin system. Sirtuin1, a regulator of energy homeostasis in response to nutrient availability, is activated by CR. We therefore investigated effects of two
different CR regimens on Sirtuin1 concentrations.
Methods & results: The study included 112 abdominally obese subjects, randomized to intermittent
or continuous CR for 1 year. Blood samples and anthropometric measures were collected at baseline
and after 12 months. Sirtuin1 concentrations were measured by ELISA. Sirtuin1 correlated signiﬁcantly to BMI at baseline (r Z .232, p Z 0.019). Mean reduction in body-weight was 8.0 and 9.0 kg
after intermittent and continuous CR, respectively. After 1 year, no signiﬁcant between-group differences in Sirtuin1 levels were observed according to regimen (p Z 0.98) and sex (p Z 0.41). An increase in median Sirtuin1 concentrations (pg/mL) [25, 75 percentiles] from baseline was observed
after intermittent CR in the total population (884 [624, 1285] vs.762 [530, 1135]; p Z 0.041), most
marked in men (820 [623,1250] vs. 633 [524, 926]; p Z 0.016). Improvement in BMI after 1 year correlated to Sirtuin1 changes, but varied according to sex. In women, Spearman’s rho Z .298, p Z 0.034,
with stronger correlation in the intermittent CR group (r Z .424, p Z 0.049). In men, there was an
inverse relation to Sirtuin1 changes, only in the intermittent CR group (r Z .396, p Z 0.045).
Conclusions: Effects on Sirtuin1 concentrations after 1 year of CR are sex and BMI-related. Intermittent CR regimen affected Sirtuin1 to a stronger extent than continuous CR, suggesting individualized
dietary intervention.
ª 2021 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the Italian
Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the Department of
Clinical Medicine and Surgery, Federico II University. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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With the global increase in life expectancy, age has
become a major risk of most common diseases, such as
cancer and cardiovascular disease (CVD). The impact of
nutrition and caloric restriction (CR) on health span is
evidenced, although results are mainly from animal
models [1e3], and with differentiated impact depending
on model organism, sex, diet and genetic factors [4,5]. In
humans, studies on CR are mainly focused on weight
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reduction and different CR regimes [6,7]. The strive for
healthier body-weight to reduce metabolic disturbances,
such as type-2 diabetes and CVD, is essential in preventive
medicine. We have recently reported on beneﬁcial effects
of CR on weight loss and improvement in cardiometabolic
risk factors after 1-year of intervention [8].
The favorable effects of nutrient restriction on cardiovascular ageing, seem partly mediated by the sirtuin system, shown from both animal and human studies [9]. With
fasting, there is a molecular switch from liver-derived
glucose to adipose tissue ketone bodies, which can regulate the activity of multiple proteins involved in health and
longevity, including nicotinamide adenine dinucleotide
(NADþ)- molecules and sirtuins [10]. The NADþ- dependent deacetylase Sirtuin1 (SIRT1) is the most investigated
among sirtuins and its function has been associated with
longevity and protection from metabolic and chronic
degenerative diseases [11,12]. SIRT1 is mainly located in
cell nuclei of most tissues, including liver, pancreas, heart,
skeletal muscle and adipose tissue, with the highest
expression levels in leukocytes. Its expression has been
shown downregulated in adipose tissue from obese
women [13] and in peripheral blood mononuclear cells
from subjects with insulin resistance and subclinical
atherosclerosis [14]. SIRT1 deacetylates histones and nonhistone proteins and interacts with diverse transcription
factors, thereby regulating diverse activities such as cell
growth, cell survival, and NF-kB signaling with inhibited
pro-inﬂammatory cytokine expression. SIRT1 expression
seems further to be protective for vascular senescence
through the activation of endothelial nitric oxide synthase
and the inhibition of reactive oxygen species. SIRT1 is an
important regulator of energy homeostasis in response to
nutrient availability and can thus be activated by CR and
further by certain polyphenols in fruits and vegetables, and
by sirtuin-activating compounds (STACs) [15]. Clinical
studies on CRs’ effect on SIRT1 have hitherto involved
small numbers and short-term interventions, reporting
partly increased SIRT1 protein expression and elevated
circulating levels [16,17].
We therefore aimed to explore the effect of CR on
circulating SIRT1 levels in obese subjects enrolled to two
different fasting regimes for 1 year. We hypothesized that
CR will modify SIRT1 levels equally in both regimes and
that the observed beneﬁcial effects on cardiometabolic risk
factors will be reﬂected in SIRT levels, enlightening more
in depth the role of circulating SIRT1. As sex differences in
SIRT1s’ cardioprotective role have been suggested [18],
results were stratiﬁed by gender.

Methods
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Preventive Cardiology, Department of Endocrinology,
Morbid Obesity and Preventive Medicine at Oslo University
Hospital in Norway [8]. Block randomization was performed
to secure equal distribution of sex and BMI in each intervention group. In addition to BMI >30 kg/m2, inclusion
criteria comprised waist circumference 94/80 cm (men/
women) and one additional metabolic syndrome component: triglycerides  1.7 mmoL/l, HDL cholesterol  1.0/1.3
(men/women), fasting glucose  5.6 mmol/L, blood
pressure  130/85mmgHg or use of antihypertensive
medication. Weight stability (3 kg) was required during
the last three months before inclusion. Exclusion criteria
were treated diabetes, previous bariatric surgery, use of
anti-obesity drugs or drugs affecting body-weight, eating
disorders, alcohol or drug abuse, and psychiatric illness.
Secondary obesity was an exclusion criterion, and optimal
treatment of hypothyroidism was required. No participants
had Cushing’s disease (exclusion criteria if present) or
polycystic ovarian syndrome (not an exclusion criterion)
and genetic mutations causing obesity were not examined
given their low prevalence in the population.
Fasting regimes
The subjects were randomized 1:1 to intermittent (ICR) or
continuous energy restriction (CCR) groups for 1 year, as
previously described [8]. In short, the ICR group consumed
400/600 kcal (female/male) on two non-consecutive days
with normal energy intake rest of the week, whereas the
CCR group reduced their energy intake evenly for seven
days. The weekly total energy intake was equal between
intervention groups counted for individual total daily energy expenditure, and participants were advised to follow
the general principles of a Mediterranean-type diet. All
participants received individualized dietary plans, including
educational material and diet counselling the ﬁrst 6
months, and knowledge to cognitive behavioral methods to
improve compliance. Adherence to diet regimens were
encouraged by maintaining a consistent eating pattern and
advising them about factors associated with weight loss
maintenance. Self-reported physical activity was recorded,
and all subjects were advised to not change their physical
activity during the period, to avoid potential confounding.
Dietary intake was recorded at baseline and 3 months using
a diet tool according to the Norwegian Directorate of Health
(http://www.kostholdsplanleggeren.no), and ten follow-up
visits were conducted during 12 months of intervention.
The study was approved by the local Regional Ethics Committee, and conducted according to the Declaration of
Helsinki. Written informed consent was provided from all
participants before enrolling in the study. The study is
registered at www.clinicaltrials.gov NCT02480504.

Study population
Clinical and laboratory measures
The current study is a sub-study of a clinical trial that
recruited 112 obese subjects with body mass index (BMI)
30e45 kg/m2, aged 21e70 years, into a randomized intervention trial on CR between 2015 and 2017 at Section of

Body weight and circumferences were measured after 10 h
fast, blood pressure after 5 min of rest, and fasting blood
samples were collected at inclusion and 12 months, as
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previously described [8]. Serum lipids, fasting glucose,
HbA1c and C-reactive protein (CRP) were analyzed by
conventional laboratory methods at Oslo University Hospital Clinical Chemistry Laboratory. Serum was prepared
by centrifugation within 1 h at 2500 g for 10 min and kept
frozen at 80  C until SIRT1 analysis, performed at baseline and after 1 year by the Human SIRT1 method from
LSBio LifeSpan BioSciences, lnc (Seattle, USA). The interassay correlation of variation was 11.6%, and SIRT1 was
successfully analyzed in all available samples, with equal
distribution of samples from each group before and after
intervention on same ELISA plates to avoid differences due
to assay variability.
Statistical methods
Due to skewed distribution of serum SIRT1 concentrations,
mainly non-parametric statistics were used. Repeated
measures and within-group differences were calculated by
Wilcoxon Signed Rank test, R-related samples. As delta
SIRT1 values (change from baseline levels to 12 months)
were normally distributed, between-group differences
were calculated by ANOVA repeated measures, mixed
model. Spearman Rho was used for baseline correlations
and correlation between delta values. ManneWhitney U
test was used for differences in delta SIRT1 values in
groups of delta BMI values dichotomized at median
(2.79 kg/m2). Sample size calculation was not performed,
and numbers included in each intervention group are
based on calculations in the initial study. Statistical calculations were performed using SPSS version 26 (SPSS Inc.,
Chicago, Illinois, USA). P-values <0.05 were deﬁned as
statistically signiﬁcant.

Results
Subject demographics
During the study, three dropouts occurred in the CCR
group versus four in the ICR group, resulting in 55 and 50
participants, respectively, completing the study. Baseline
characteristics, including hormonal treatment in women,
were equally distributed between the intervention regimes, except for higher triglycerides in the intermittent
fasting group (Table 1). As previously reported, after 1 year,
no statically signiﬁcant difference in weight loss, BMI or
waist and hip circumference reductions was observed
between groups, with correspondingly 8.0 vs. 9.0 kg, 2.7
vs. 3.2 kg/m2, 8.7 vs. 9.6 cm and 6.8 vs. 7.5 cm in the ICR
and CCR group, respectively [8]. These improvements were
achieved mainly after 6 months of CR, and a slight but
signiﬁcant increase in weight and BMI was observed in the
maintenance phase from 6 to 12 months in the ICR group.
No between-group differences in changes in cardiometabolic risk factors were observed after 1 year. Diastolic blood pressure, HDL cholesterol, triglycerides and
HbA1c (at 6 months) were improved in both groups,
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whereas systolic blood pressure was reduced in the
continuous energy restriction group [8].
Serum samples fort SIRT1 analyses were available for
109 subjects at inclusion and 105 subjects at 12 months,
102 samples completing both visits (54 in the CCR group,
48 in the ICR group). The complete number (n Z 102) was
used in all statistical analyses, whereof 51 were women.
In women, signiﬁcantly higher SIRT1 concentrations
were observed in hormonal users (n Z 9) vs. non-users at
baseline as follows: median (25, 75 percentiles) were 1229
(790, 1794) vs. 821 (585, 1102) pg/mL (p Z 0.02).
Baseline correlations between circulating SIRT1 and
cardiometabolic risk factors
In all, SIRT1 correlated signiﬁcantly to BMI (p Z 0.019),
heart rate (p Z 0.011) and CRP (p < 0.001), with stronger
correlations for all markers in women (p < 0.010, all), in
which SIRT1 also correlated to waist circumference
(p Z 0.033) (Table 3). When excluding results for the 9
women who were hormone users, the correlations remains statistically signiﬁcant (r Z .343e.526, all p < 0.05).
In men, SIRT1 was signiﬁcantly correlated to CRP.
Change in circulating SIRT1
SIRT1 concentrations at baseline and after 1 year are
shown in Table 2, in total and according to CR regimens
and sex. No signiﬁcant differences in SIRT1 concentrations
at baseline were observed between the randomized
groups (p Z 0.27), sex (p Z 0.18), or in each randomized
group stratiﬁed by gender (p > 0.1 in both). After 1 year, no
signiﬁcant between-group differences were observed according to intervention regimen (p Z 0.98) and sex
(p Z 0.41). In pairwise comparison, SIRT1 concentrations
increased numerically in the total population (p Z 0.085),
statistically signiﬁcant in the ICR group (p Z 0.041) and in
men following the ICR regimen (p Z 0.016). When
excluding results for the 9 women who were hormone
users, similar non-statistically signiﬁcant within group pvalues were observed in women (p Z 0.57), in women on
CCR (p Z 0.82) and in women on ICR (p Z 0.33).
Correlations between change in SIRT1 concentrations
(delta values) and changes in anthropometric levels
In total, and in the different CR regimens, delta SIRT1
values after 1 year were not correlated to changes in
anthropometric levels. Stratiﬁed by gender, delta SIRT1
values in women correlated to changes in body weight
(r Z .295), BMI (r Z .298) and waist circumference
(r Z .321), p < 0.05 for all (Table 4), with stronger
correlation to BMI changes in women in the ICR group
(r Z .424, p Z 0.049). In men, improvements in BMI
were inversely correlated to delta SIRT1 values, only in
the ICR group (r Z .396, p Z 0.045). No signiﬁcant
correlations were observed in the CCR group, stratiﬁed
by gender.
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Table 1 Baseline cardiometabolic risk factors according to fasting regimens.

Age
Men/Women
BMI, kg/m2
Body weight, kg
Systolic blood pressure mmHg
Diastolic blood pressure mmHg
Heart rate/minute
Glucose, mmol/L
HbA1c, %
Total cholesterol, mmol/L
HDL-cholesterol, mmol/L
LDL-cholesterol, mmol/L
Triglycerides, mmol/L, median levels
(25, 75percentiles)
CRP, mg/L
Antidiabetic drugs, n (%)
Statins, n (%)
Antihypertension drugs, n (%)
Female hormonal treatmenta
Use of alcohol, n (%)
Smokers, n (%)

All

Continuous CR
n Z 54

Intermittent CR
n Z 48

p-value

48.8 (10.5)
51/51
35 (32, 38)
108 (16)
129 (14)
87 (9)
68 (9)
5.79 (1.00)
5.55 (0.65)
5.06 (0.89)
1.18 (0.30)
3.39 (0.85)
1.62 (1.20, 2.04)

48.0 (11.1)
25/29
35 (32, 38)
107 (16)
128 (14)
86 (9)
68 (8)
5.73 (0.67)
5.48 (0.55)
5.14 (0.87)
1.17 (0.26)
3.49 (0.84)
1.42 (1.15, 1.89)

50 (10)
26/22
35 (32, 38)
109 (17)
129 (14)
88 (8)
68 (11)
5.86 (1.29)
5.63 (0.75)
4.98 (0.92)
1.20 (0.34)
3.26 (0.86)
1.71 (1.29, 2.52)

0.40
0.43
0.84
0.36
0.82
0.25
0.92
0.52
0.27
0.36
0.72
0.19
0.040

3.83 (3.57)
6 (6)
17 (17)
39 (38)
9 (18)
80 (78)
7 (9)

4.45 (3.86)
5 (5)
7 (7)
22 (22)
5 (10)
42 (41)
3 (3)

3.15 (3.12)
1 (1)
10 (10)
17 (17)
4 (8)
38 (37)
4 (4)

0.068
0.28
0.59
0.74
0.94
0.64
0.58

Mean (SD) values are shown, if not otherwise stated. CR; caloric restriction, BMI; body mass index, HbA1c; glycated hemoglobin, HDL; high density
lipoprotein, LDL; low density lipoprotein, CRP; C-reactive protein, p-values indicate differences between intervention groups (ManneWhitney U
test). Bold text represent p-values < 0.05.
a
Out of 9, 6 used oral contraceptives, 2 women used hormone replacement therapy and 1 used hormones to treat acne.

Table 2 Change in circulating SIRT1 from baseline to 1 year in total and according to assignment to continuous or intermittent CR and sex.
SIRT1 pg/mL

Baseline

Total
Continuous CR
Intermittent CR
Men
Women
Continuous CR
Men
Women
Intermittent CR
Men
Women

832
850
762
758
873

(574,
(597,
(530,
(554,
(597,

1120)
1121)
1135)
992)
1221)

12 months

p-value
within-groupsa

898
905
884
870
925

0.085
0.61
0.041
0.062
0.56

(623,
(620,
(624,
(621,
(651,

1238)
1096)
1285)
1245)
1236)

p-value
between-groupsb
0.98
0.41

841 (592, 1150)
854 (601, 1133)

924 (613, 1300)
903 (634, 1038)

0.72
0.64

0.72

633 (524, 926)
908 (559, 1334)

820 (623, 1250)*
1085 (644, 1347)

0.016
0.45

0.16

CR; caloric restriction.
Bold text represent p-values < 0.05.
a
Wilcoxon Signed Rank test, R-related samples.
b
Repeated measures ANOVA, mixed model.

Notably, improvements in BMI after 1 year was nonstatistically higher in women vs. in men (3.0 kg/m2 vs.
2.54 kg/m2, p Z 0.12). To further explore the observed
associations between BMI and SIRT1, improvements in BMI
after 1year were dichotomized at median (2.8 kg/m2), to
assess the distribution of change in SIRT1 values accordingly (Fig. 1). In all, and in the different intervention regimens, no signiﬁcant difference in SIRT1 changes was
observed according to BMI groups. Stratiﬁed by gender,
delta SIRT1 values increased signiﬁcantly in women when
change in BMI was < median and decreased with change
in BMI above median (p Z 0.017, for difference betweengroups). Stratiﬁed by sex in each CR regimen, the difference in delta SIRT1 values between BMI groups was
borderline signiﬁcant in women in the ICR group

(p Z 0.08). Overall, limited BMI changes (<2.8 kg/m2)
induced an increase in SIRT1 concentrations, signiﬁcant in
the total population (p Z 0.030) and in women
(p Z 0.021), whereas BMI changes > median increased
SIRT1 concentrations signiﬁcantly in men following the
ICR regime (p Z 0.013).
Correlations between change (delta) in SIRT1 values and
observed changes in cardiometabolic risk factors
In the main study, within-group improvements were
observed in blood pressure, HDL cholesterol, triglycerides
and HbA1c (at 6 months) after 1 year of CR, but with no
between-group differences [8]. SIRT1 concentrations did
not correlate to these changes after 1 year, except for a
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Table 3 Baseline correlations between SIRT1 and cardiometabolic risk factors in the total population and according to sex.

All
Men
Female

BMI

Weight

Waist circ.

Hip circ.

SBP

DBP

Heart rate

f. Glucose

HbA1c

Chol.

HDL c.

LDL c.

TG

CRP

.232
.019
.112
.43
.368
.008

.086
.39
.153
.29
.205
.15

.192
.053
.192
.18
.300
.033

.166
.096
.09
.53
.191
.18

-.015
.29
-.076
.60
-.06
.68

-.046
.65
-.055
.70
,014
.93

.251
.011
.111
.44
.400
.004

-.039
.70
-.083
.56
.029
.84

.140
.16
.098
.50
.159
.27

-.089
.37
-.105
.46
-.104
.47

-.028
.78
-.022
.88
-.089
.54

-.079
.43
149
30
-.058
.69

.058
.57
.111
.44
.019
.90

.450
<.001
.419
.002
.482
<.001

Spearman Rho correlations are shown with italicized p-values underneath.
Bold text indicate statistically signiﬁcant correlations with p-values < 0.05.
BMI; body mass index, Waist/Hip circ; circumference, SBP, systolic blood pressure, DBP; diastolic blood pressure, f. Glucose; fasting glucose levels,
Chol; cholesterol, HDL c.; high density lipoprotein cholesterol, LDL c.; low density lipoprotein cholesterol, TG; triglycerides, CRP; C-reactive
protein.

moderate correlation between delta SIRT1 values and
change in diastolic blood pressure after 1 year in women
following the ICR (r Z .496, p Z 0.02, n Z 22).
Discussion
The main ﬁndings in the present study were that 1) After 1
year, no signiﬁcant between-group differences in SIRT1
levels were observed according to regimen and sex 2) In
intermittent CR group, Sirtuin1 concentrations increased
in the total population and in men 3) In women,
improvement in BMI after 1 year correlated to Sirtuin1
changes, with stronger correlation in the intermittent CR
group and 4) In men, improvements in BMI correlated
inversely to Sirtuin1 changes in the intermittent CR group.
Table 4 Correlations between changes (delta, D) in SIRT1 concentration and anthropometric levels after 1 year of intervention in all
and according to intervention regimen and sex.

All
CCR
ICR
Men
Women
CCR
Men
Women
ICR
Men
Women

D BMI

D Weight

D Waist circ.

D Hip circ.

.086
.39
.129
.35
-.010
.95
-.193
.18
.298
.034

.069
.49
.112
.42
-.030
.84
-.159
.26
.295
.035

.140
.16
.200
.15
.058
.70
-.068
.63
.321
.022

.057
.57
-.014
.92
.109
.46
-.178
.21
.260
.065

.033
.88
.176
.36

.050
.81
.164
.40

.242
.25
.142
.46

-.190
.36
.110
.57

-.396
.045
.424
.049

-.334
.095
.414
.056

-.371
.062
.417
.054

-.197
.33
.423
.050

Spearman Rho correlations are shown with italicized p-values underneath.
Bold text indicate statistically signiﬁcant correlations with p-values
< 0.05.
BMI; body mass index, Waist/Hip circ.; Waist/Hip circumference,
CCR and ICR; continuous and intermittent caloric restriction,
respectively.

So far, the implication of CR type in humans is still
uncertain [19]. The present study investigating CR in obese
subjects indicates that the explicit effects on SIRT1 are
related to type of CR regimen, sex and BMI, to our
knowledge not previously reported. ICR induced higher
circulating SIRT1 concentration, especially in men, in
which increased SIRT1values were inversely related to
improvements in BMI. In women, SIRT1 changes was BMIdependent, with signiﬁcantly increased and numerically
decreased SIRT1 concentrations according to below or
above median BMI loss, with signiﬁcant correlation between SIRT1-and BMI changes especially after 1 year with
ICR.
Both intervention groups reduced weight, BMI, and hip
circumferences similarly after 1 year, whereas sexstratiﬁed, the reduction in BMI was more advanced in
women. In a study by Harvie et al. obese young women
lost more body fat with ICR than CCR after 4 months of
intervention [20], partly supporting our ﬁndings. Experimental and animal studies have also indicated that fasting
with ICR reduces body weight and improves metabolic risk
factors to a greater extent than CCR [21], although contradictory reported [7,22]. In the present study, the fasting
component being more prominent in ICR seems to have
affected SIRT1 concentrations more than CCR, independent
of initial BMI, but inﬂuenced by sex and BMI improvements. Subjects in the ICR group did also report stronger
feelings of hunger throughout the study [8]. As many of
the intervened subjects in our study were severely obese,
stronger weight and BMI reduction might be required to
achieve more clear effects on SIRT1. We have previously
reported a positive correlation between circulating SIRT1and BMI in healthy subjects [23], contradictory reported
by others [24]. In the same population, we observed SIRT1
leukocyte expression to be inversely associated with BMI,
as also found by others [25]. Circulating SIRT1 has been
reported to be elevated in frailty older adults, including
those with weight loss [26], further complicating the
picture.
The observed sex-related SIRT1 changes cannot ignore
the potential inﬂuence of estrogen and the use of oral
contraceptives and hormone replacement therapy,
although a limited number were treated with hormones.
Underlying mechanisms of suggested sex differences in
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Figure 1 Change in SIRT1 values according to BMI improvements after 1 year, categorized at median (2.8 kg/m2). White and black columns
indicate delta SIRT1 values with BMI improvements below and above median, respectively. A) in the total population, B) according to intervention
regime, C) according to sex, D) CCR stratiﬁed by sex, E) ICR stratiﬁed by sex. p-values indicate differences between-groups categorized at median BMI
changes (ManneWhitney U test), ) represents p < 0.05 for within-group differences (Wilcoxon Signed Rank test, R-related samples). CCR;
continuous caloric restriction, ICR; intermittent caloric restriction.

atherosclerotic cardiovascular disease have recently been
revisited, including SIRT1 and estrogen [18]. Genetic SIRT1
polymorphisms, previously linked to BMI and sever
obesity [27], may also have inﬂuenced circulating SIRT1
levels, although sex-dimorphism in their frequency is not
known. Women may also be more receptive to healthpromoting life-style adjustments, and as women may
pose greater control over mitochondrial function and
turnover, a better response to diet and environment in
females has been suggested [28,29]. CR-induced SIRT1
changes may also be time-dependent, suggesting women
to respond faster with metabolic alterations than men.
Baseline analyses showed that circulating SIRT1 was
signiﬁcantly correlated to CRP, indicating circulating SIRT1
to be related to inﬂammation, as we previously have reported [23,28], and the present obese population most
likely suffers from pro-inﬂammatory metabolic disturbances. We have previously reported on circulating SIRT1s,
positive association with known cardiovascular risk factors
like cigarette smoking, in addition to BMI, in healthy
subjects [23]. In that particular study we also demonstrated that SIRT1 gene-expression was inversely correlated to circulating SIRT1 [23]. In patients with stable
coronary artery disease, we further observed that genetically expressed SIRT1 was inversely associated with inﬂammatory markers, such as interleukin (IL) 6, IL-18 and
INF-ƴ, especially in females [28], as also observed by

others in patients with concomitant type 2 diabetes and
CAD [30]. Recently, a sex-speciﬁc downregulation of SIRT1in aging human female hearts was associated with a
signiﬁcant increase in pro-inﬂammatory cytokines, as well
as NF-kB upregulation, indicating a closer relationship of
SIRT1 and inﬂammation in women compared to men [31],
again underpinning potential sex-differences in SIRT1.
All together, the present study indicates that SIRT1
changes after CR are limited associated with improvement
in cardiometabolic risk factors. A decrease in diastolic
blood pressure after 1 year was associated with reduction
in SIRT1 concentration in women, supporting the suggestion that low rather than high circulating SIRT1 levels are
beneﬁcial. SIRT1 activity and diastolic blood pressure were
also reported to be correlated exclusively in women in
healthy adults [32], substantiating our results. One may
therefore question the impact of elevated circulating SIRT1
levels, being potentially upregulated when its leukocyte
gene-expression is reduced, as previously observed, and
vice versa. SIRT1s, action is mainly located in the nucleus
and the amount of SIRT1 released into the circulation may
eventually reﬂect compensatory up- or down-regulated
mechanisms from other cell-types than leukocytes under
certain clinical conditions. From the present study it might
be speculated that BMI is a driver of circulating SIRT1 in
women, although other have suggested waist circumference to be determinant, independent of sex [24].
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Limitations
The main limitation in our study was lack of SIRT1 geneexpression and eventually SIRT1 activity data, which could
have enlightened more in depth the impact of different CR
regime and sex on SIRT1. Additionally also investigating
other sirtuins could have given a broader picture on CRs’
effects on the sirtuin system. Although being a CR intervention study, with relatively high number, subgroups are
small, requiring caution in interpreting results. It should
also be emphasized that the study population is rather
special, being obese, thus the results may be inﬂuenced by
dysregulated hormones, other than estrogens, insulin
sensitivity and adipose tissue inﬂammation. The strength
in our study is the 1-year duration of intervention.
In conclusion, the change in circulating SIRT1 concentration after CR was related to type of regime, sex and BMI,
supporting individualized dietary intervention, provided
clinical relevance of SIRT1 on health beneﬁts. The ICR
regimen seems to have affected SIRT1 to a stronger extent
than CCR. The impact of measuring circulating SIRT1 needs
further investigation.
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