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Abstract. Manganese is a trace metal involved in both physiology and toxicity. The 
association between manganese and dyslipidemia has been scarcely revised, and results from 
studies in both animals and humans are inconsistent. The aim of this study was to evaluate the 
association between serum manganese levels and dyslipidemia, considering some manganese 
sources and factors that could affect its concentration, especially tobacco smoking. Serum man-
ganese concentration in 63 volunteers was determined and their smoking habits were recorded. 
Dietary manganese, iron, fat and alcohol consumption was also estimated by a food-frequency 
questionnaire. A bivariate analysis was carried out to identify those factors affecting manga-
nese concentration. Only dyslipidemia and smoking resulted statistically significant and thus 
were considered for the subsequent two-way analysis of variance, to test a possible interaction 
between dyslipidemia and smoking. Marginal means for serum manganese were as follows: 
8.32 ± 2.14 nmol/L for nonsmokers without dyslipidemia, 9.21 ± 2.22 nmol/L for smokers wi-
thout dyslipidemia, 10.21 ± 2.53 nmol/L for nonsmokers with dyslipidemia, and 14.21 ± 3.44 
nmol/L for smokers with dyslipidemia. Dyslipidemia and tobacco smoking were synergistica-
lly associated with increased serum manganese. To maintain adequate manganese levels in the 
organism, other factors in addition to its dietary intake should be considered, for instance, lipid 
status and smoking habits, particularly in those conditions in which manganese accumulation 
is an issue.
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La dislipidemia y el tabaquismo aumentan de 
manera sinérgica el manganeso sérico.

Invest Clin 2017; 58(3): 238 - 249

Palabras clave: dislipidemia; manganeso; tabaquismo.

Resumen. El manganeso es un metal traza esencial involucrado tanto en procesos fi-
siológicos como en toxicidad. La asociación entre el manganeso y las dislipidemias se ha es-
tudiado poco, y los resultados de estudios en animales y en humanos son inconsistentes. El 
objetivo de este trabajo fue evaluar la asociación entre el manganeso sérico y las dislipidemias, 
considerando algunas fuentes de manganeso y factores que pudieran afectar su concentración, 
especialmente el tabaquismo. Se determinaron las concentraciones séricas de manganeso de 63 
voluntarios y se registraron sus hábitos de consumo de tabaco. Se estimó la ingesta de man-
ganeso, hierro, grasa y alcohol mediante un cuestionario de frecuencia de consumo. Se realizó 
un análisis bivariado para identificar los factores que afectaron las concentraciones de manga-
neso; únicamente las dislipidemias y el tabaquismo resultaron estadísticamente significativos 
y se consideraron enel subsecuente análisis de varianza de dos vías, para examinar una posible 
interacción entre las dislipidemias y el tabaquismo. Las medias marginales para el manganeso 
sérico fueron: 8,32 ± 2,14 nmol/L para no fumadores sin dislipidemia, 9,21 ± 2,22 nmol/L para 
fumadores sin dislipidemia, 10,21 ± 2,53 nmol/L para no fumadores con dislipidemia, y 14,21 
± 3,44 nmol/L para fumadores con dislipidemia. Las dislipidemias y el tabaquismo se asocia-
ron sinérgicamente con el aumento del manganeso sérico. Para mantener niveles adecuados 
de manganeso en el organismo, se deben tomar en cuenta factores adicionales a su consumo 
dietético, como el estatus lipídico y el tabaquismo, particularmente en condiciones en las que la 
acumulación de manganeso sea un problema.

Recibido: 02-12-2016  Aceptado: 08-06-2017

IntroductIon         

The status of several trace metals such as 
copper, iron and manganese has been suggested 
to be associated with dyslipidemia (1); howe-
ver, most of the data to this respect come from 
studies in animals (1–4). Among trace metals, 
manganese has received little attention, and the 
results regarding its association with dyslipi-
demia are contradictory (5, 6); even the results 
about modification of manganese levels by the 
type and quantity of fat consumed are different 
between animals and humans. In humans, satu-

rated fat increased manganese balance and its 
retention (7), while in rats, unsaturated fat in-
creased its absorption (8).

Dyslipidemia-manganese association can 
also be seen in the opposite direction, that is, 
manganese could affect lipid levels; for ins-
tance, studies in animals show that manganese 
deficiency can decrease high density lipopro-
tein-cholesterol (HDL-C) (9) and increase total 
cholesterol and total lipids(5); while others have 
reported mixed results for the effects of man-
ganese supplementation, where it can induce 
hypercholesterolemia (6) and hypertriglyceride-
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mia (10) or reduce total cholesterol in diabetic 
rats (11).

The adequate daily intake of manganese is 
1.8 and 2.3 mg (32.7 and 41.9 µmol) for women 
and men, respectively (12). Dietary mangane-
se sources include whole grains, cereals, brown 
rice, pineapples, nuts, black tea and spinach 
(13). In addition, it can be found in other sour-
ces such as tobacco (2821 – 7281 µmol/g) (14), 
water and air (15).

Manganese homeostasis is of great impor-
tance to the organism because it is an essential 
mineral for the activity of several enzymes such 
as pyruvate carboxylase, which catalyzes the 
conversion of pyruvate to oxaloacetate (16); 
arginase, which converts arginine to urea (17); 
and manganese superoxide dismutase (Mn-
SOD), critical for antioxidant defense (18). 
Manganese also activates enzymes related to fa-
tty acid metabolism and protein synthesis (19). 
Therefore, important deviations in manganese 
concentration in the organism can contribute to 
a number of complications such as cardiovascu-
lar and neurological (20); hence the relevance of 
maintaining adequate levels of this metal in the 
organism and of knowing the factors associated 
with alterations in its homeostasis.

We hypothesized that higher serum man-
ganese levels would be present in people with 
dyslipidemia compared with those without dys-
lipidemia and that such levels would be affected 
by manganese sources.The main objective of 
this work, was to study the relationship between 
dyslipidemia and serum manganese levels, ta-
king into account other factors that could modi-
fy manganese concentration, particularly tobac-
co smoking.

PatIents and methods

Volunteers
Sixty-three participants enrolled in the Tlal-

pan2020 cohort were included in this study.

Tlalpan2020 is an ongoing cohort study, whose 
main objective is to estimate the incidence of 
hypertension in the Mexico City population, in 
a period of ten years with bi-annual clinical eva-
luations. All participants are clinically healthy 
people aged between 20 and 50 years. Exclusion 
criteria for the cohort are hypertension, diabetes, 
cardiovascular or renal diseases, thyroid disea-
ses and pregnancy. In addition to the criteria for 
the cohort, participants selected for this study 
were not taking lipid-lowering medication.The 
Tlalpan2020 study follows the principles of 
the declaration of Helsinki and was approved 
by The Research Ethics Committee of the Na-
tional Institute of Cardiology ‘Ignacio Chávez’ 
(approval no. 13-802). All participants provided 
their written informed consent to be part of this 
cohort.

dietary intake and smoking habits 
recording

Dietary manganese and fat consumption 
were estimated through the semiquantitative 
instrument‘system of evaluation of nutrition 
habits and nutrient consumption’ (SNUT), pre-
viously validated for the Mexican population by 
the National Institute of Public Health of Mexi-
co (21, 22). It consists of 116 questions about 
the frequency of consumption of standard por-
tions of foods and beverages over the year prior 
to the interview.

During the interview, the smoking habits of 
participants were recorded. They were asked 
about the consumption of cigarette, pipe or cigar 
and if they had consumed more than 100 units 
in their entire life, as well as if they were current 
smokers. They were classified as smokers, ac-
cording to the criteria of the Centers for Disea-
se Control and Prevention of the United States 
(23), if they have consumed more than 100 ciga-
rettes and were current smokers at the moment 
of the interview.

Rivera-Mancía et al.240
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Biochemical determinations and 
dyslipidemia classification

Venous blood samples were drawn after a 
12-h fasting period. Total, low density lipopro-
tein-cholesterol (LDL-C), and HDL-C, as well 
as triglycerides were determined with commer-
cial kits in a COBAS 6000 analyzer (Roche, In-
dianapolis, USA). Participants were classified 
as having or not having dyslipidemia according 
to the Adult Treatment Panel III criteria (24): 
cholesterol >5.2 mmol/L; triglycerides>1.7 
mmol/L; HDL-C<1.3 mmol/L for women, 
or <1.0 mmol/L for men; and/or LDL-C>3.4 
mmol/L.

serum manganese determination
Serum manganese levels were quantified 

in an atomic absorption spectrophotometer 
Analyst 600 (Perkin Elmer, Shelton, USA) 
with a manganese hollow cathode lamp. Serum 
samples were diluted with a matrix modifier 
composed of 0.01% diammonium hydrogen 
phosphate [(NH4)2HPO4] in 0.05% polyoxye-
thyleneoctyl phenyl ether(TritonTM X-100), un-
der the following analytical conditions: Zeeman 
background correction, 279.5 nm wavelength, 
100 °C 30s for drying, 1000 °C 30 s for cha-
rring, 2400 °C 3s for atomization, and 2600 °C 
4s for cleaning. Results were interpolated in 
the corresponding calibration curve construc-
ted with a commercial standard (Perkin Elmer 
GFAA N9300244). Quality control was assured 
by measuring a biological matrix-based exter-
nal standard (bovine liver, National Institute of 
Standard Technology 1577b); in every analyti-
cal session, the resulting manganese concentra-
tion was 95-105% from that of the certificate of 
analysis (25). All samples were analyzed in du-
plicate and in a blind fashion.

statistical analysis
Results are expressed as mean ± standard de-

viation (SD). Initially, bivariate analyzes (Stu-

dent’s t test or Pearson correlation coefficient, 
as required) were performed in order to identify 
the relationship between serum manganese and 
other biochemical parameters, as well as dietary 
intake and demographic data. Due to dyslipi-
demia and tobacco smoking were the only fac-
tors associated with higher manganese levels in 
the bivariate analysis, they were considered as 
main factors for a two-way analysis of varian-
ce (ANOVA), to explore a possible interaction 
between them. The factorial design resulted in 
four groups: nonsmokers-without dyslipidemia 
(NS-ND) (n=12), nonsmokers with dyslipide-
mia (NS-D) (n=29), smokers without dyslipi-
demia (S-ND) (n=7), and smokers with dysli-
pidemia (S-D) (n=15).Later, we included in the 
model other variables potentially affecting man-
ganese concentration, such as sex, age, serum 
iron, and the consumption of manganese, iron, 
alcohol and different types of fat. It was deter-
mined the best fitting by means of the adjusted 
R2, regardless of the p-value for those variables. 
In addition, one-way ANOVA or Kruskal-Wallis 
test were used to compare continuous variables 
between the groups resulting from the factorial 
design, while Fisher’s exact test was selected 
for categorical variables. Statistical significance 
was considered when p<0.05. Statistical analy-
sis and graphs were made by employing SPSS 
v. 22.

results

serum manganese
The overall mean ± SD for serum manga-

nese was 10.69 ±3.36 nmol/L. The initial biva-
riate analysis yielded only tobacco smoking and 
dyslipidemia as significant modifying factors 
for serum manganese levels. Forty-four partici-
pants (70%) had some type of dyslipidemia and 
displayed higher serum manganese compared 
with people without dyslipidemia (11.58±3.42 
vs.8.65±2.15 nmol/L). Moreover, 22 partici-
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pants (35%) were smokers and had higher serum 
manganese than nonsmokers (12.62±3.87 vs. 
9.66 ±2.55 nmol/L).No differences by sex were 
found (10.62±3.44 and 10.84±3.28 nmol/L for 
women and men, respectively).

demographic characteristics and 
biochemical parameters

Demographic characteristics and bioche-
mical parameters were compared between the 
groups obtained from the factorial design (see 
Statistical analysis section).Sex and age distri-
butions were similar between the four groups. 
Statistical differences were identified regar-
ding some biochemical parameters; important-
ly, serum manganese was higher in smokers 
with dyslipidemia compared to the other three 
groups. A trend to higher serum iron was obser-
ved in smokers with dyslipidemia but without 
statistical significance. Also, no significant di-
fferences were observed for total cholesterol; 
however, nonsmokers without dyslipidemia and 
smokers without dyslipidemia had the highest 
HDL-C and the lowest LDL-C and triglyceri-
des concentration (Table I). In addition, mean 
HDL-C was 1.33 ± 0.31 mmol/L for all women 
and 1.18 ± 0.38 for all men.

dietary intake
Manganese consumption was higher than 

recommended in all groups (mean consumption 
304 to 389 µmol/day) and a trend to an inver-
se relationship between serum manganese and 
manganese consumption was observed. No sig-
nificant differences between groups for the in-
take of any type of fat, manganese, iron or alco-
hol were found (Table II).

serum manganese levels (factorial analysis)
Both dyslipidemia and smoking by themsel-

ves slightly increased manganese levels; howe-
ver, when the interaction between both factors 
was tested, a synergistic interaction was obser-

ved (p=0.047) (Fig. 1). Marginal means ±SD 
for serum manganese levels were: 8.32±2.14 
nmol/L for nonsmokers without dyslipidemia, 
9.21±2.22 nmol/L for smokers without dysli-
pidemia, 10.21±2.53 nmol/L for nonsmokers 
with dyslipidemia, and 14.21±3.44 nmol/L for 
smokers with dyslipidemia (Fig. 1). Adjusted R2 
for the factorial model, without considering any 
other factor in addition to dyslipidemia and smo-
king, was 0.363.When other factors were inclu-
ded, the best fitting for the model was that con-
sidering sex (p=0.065) and alcohol consumption 
(p= 0.089), obtaining an adjusted R2 = 0.404; 
other factors tested in the model resulted in lower 
R2 values. The interaction between smoking and 
dyslipidemia was preserved (p=0.021) and mar-
ginal means changed only slightly: 8.25±2.64 
nmol/L for nonsmokers without dyslipidemia, 
9.09±2.63 nmol/L for smokers without dysli-
pidemia, 10.12±2.62 nmol/L for nonsmokers 
with dyslipidemia, and 14.50±2.71 nmol/L for 
smokers with dyslipidemia.

dIscussIon

In this work, it was found that serum manga-
nese and dyslipidemia are associated, but tobac-
co smoking also plays an important role in this 
association, as shown by the synergistic effect 
between smoking and dyslipidemia on serum 
manganese, regardless of other factors poten-
tially modifying manganese levels, such as the 
consumption of manganese, iron or alcohol, 
serum iron or the amount of different types of 
fat ingested.

Manganese is a trace metal, whose entry into 
the body is subjected to the hepatic first-pass 
effect, before it reaches the systemic circulation; 
consequently, only 2-5% of ingested manganese 
is absorbed into the body (26). It has been seen 
that manganese consumption in a wide range 
(0.8-20 mg/day) does not result in deficiency or 
toxicity, because of the ability of the organism to 
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taBle I
DEMOGRAPHIC AND BIOCHEMICAL PARAMETERS OF PARTICIPANTS

taBle II
DIETARY CONSUMPTION DATA OF PARTICIPANTS

nonsmokers smokers
Without With Without With

dyslipidemia dyslipidemia dyslipidemia dyslipidemia
Variable ns-nd group ns-d group s-nd group s-d group

Sex (%women) 83 76 57 40
Age (years) 32.3 ± 9.9 39.8 ± 8.1 33.7 ± 9.3 37.1 ± 7.6

Serum manganese (nmol/L) 8.32±2.14 ^ 10.21±2.53^ 9.21±2.22^ 14.21±3.44*§ #
Serum iron (µmol/L) 18.76±9.89 18.98±9.37 19.87±4.12 22.21±6.45

HDL-cholesterol (mmol/L ) 1.59±0.29^§ 1.19±0.31* 1.42±0.13^ 1.14±0.33#*
LDL-cholesterol (mmol/L ) 2.69±0.42^ 3.41±0.89 2.65±0.43^ 3.70±0.82#*

Triglycerides (mmol/L) 1.01±0.33§^ 2.04±1.35#* 0.99±0.25§^ 1.98±0.98#*

nonsmokers smokers
Without With Without With

dyslipidemia dyslipidemia dyslipidemia dyslipidemia
Variable ns-nd group ns-d group s-nd group s-d group

Manganese (mmol/day) 0.39±0.29 0.30±0.25 0.34±0.19 0.33±0.27
Iron (mmol/day) 0.22±0.06 0.23±0.06 0.23±0.04 0.23±0.06

Heme iron (mg/day) 1.03±0.93 0.94±0.38 0.99±0.35 0.89±0.34
Saturated fat (g/day) 28.67±13.31 25.75±7.91 27.97±6.06 29.42±14.67

Monounsaturated fat (g/day) 39.20±17.34 34.25±10.11 35.68±5.94 40.17±21.18
Polyunsaturated fat (g/day) 19.17±5.59 20.33±6.56 26.91±10.42 20.70±7.88

Alcohol (mmol/day) 13.68±15.41 23.88±57.96 48.84±35.38 34.51±49.27

Data are expressed as the mean ± standard deviation. *p<0.05, different from NS-ND group; § p<0.05, different from 
NS-D group; # p<0.05, different from S-ND group, ^ p<0.05; different from S-D group

Consumption data are expressed as the mean ± standard deviation. No significant differences between groups were 
found.



change the extent of absorption and elimination 
of this mineral (27). In fact, we found a mean 
manganese consumption higher than the daily 
adequate intake, while serum levels were within 
normal values (7.28-15.47 nmol/L or 40-85 ng/
dL, according to the Agency of Toxic Substan-
ces & Disease Registry (28)) in 92% of partici-
pants. Thus, manganese levels in the organism 
may depend, to a greater extent, on other factors 
in addition to those related to its intake.

We measured manganese in serum instead 
of whole blood because of the availability of the 
samples in optimal conditions for the analysis. 
In fact, Ottaway and Halls (29) mentioned that 

measurement of serum manganese is adequa-
te when samples are not contaminated, that is, 
when in a normal population mean serum man-
ganese is between 9.83 and 11.47nmol/L; the 
overall mean for our sample was 10.69 nmol/L.

Iron (30) and alcohol (31) consumption 
have been reported to affect manganese ho-
meostasis, mainly at the absorption level. Iron 
competes with manganese by transport mecha-
nisms; therefore, iron deficiency can lead to 
increased manganese levels (30). Additionally, 
experiments in animals showed that alcohol 
could increase manganese absorption through 
the gut (31). To this respect, there was a trend in 
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increase in serum manganese, while a synergistic effect was observed in those that smoked tobacco and had 
dyslipidemia. Bars represent the mean ± standard error of the mean. Two-way ANOVA, *p<0.05 for the inte-
raction between dyslipidemia and tobacco smoking.

Fig.1. 



our data to higher manganese levels as the mean 
consumption of alcohol by group increased, 
except by the group of smokers without dysli-
pidemia, which broke away from such trend; 
however, no significant differences were detec-
ted between groups regarding iron or alcohol 
consumption. 

The relationship between serum manganese 
and dyslipidemia was of particular interest to us. 
The type of fat ingested is a potential modifier of 
manganese concentration, although results are 
contradictory: in rats, unsaturated fat consump-
tion resulted in increased manganese levels (8), 
while in humans, such effect was observed with 
the consumption of saturated fat (7), which is 
associated with the presence of dyslipidemia 
(32). In the bivariate analysis, that is when we 
compared people with and without dyslipide-
mia, without taking into account any other fac-
tor, the first had higher manganese levels. Li-
kewise, smokers had higher serum manganese 
than nonsmokers. Then, in order to analyze the 
effect of those factors separately and altogether, 
we used a factorial analysis. First, we found that 
those individuals only having dyslipidemia or 
only being smokers without alterations in their 
lipid status had slightly higher serum mangane-
se compared to those in which both conditions 
were absent. 

Regarding saturated fat, we did not find any 
relationship between its consumption and serum 
manganese or dyslipidemia. To this respect, it 
should be pointed out that we did not control 
the diet of the participants, which is a limitation 
of our study; the dietary consumption data were 
based on their self-report, probably leading to a 
low precision in the estimation of dietary intake; 
nevertheless, we were able to evaluate the lipid 
profile, which can be, at least partially influen-
ced by the type of fat consumed (32). A study 
by Finley et al. (7), in women consuming a con-
trolled diet, showed that the type of fat inges-
ted affects manganese retention, being higher in 

the group that consumed cocoa butter compared 
with the group consuming corn oil (the first has 
a higher saturated fat content) (7).

Similarly, tobacco is a recognized source of 
metals, manganese among them (33). The slight 
but non-significant increase in serum manga-
nese (11%) that smokers without dyslipidemia 
displayed compared with nonsmokers without 
dyslipidemia is in agreement with a previous 
study that did not find any association between 
smoking and serum manganese levels (34). A 
different picture was noted when the interaction 
between smoking and dyslipidemia was stu-
died; we observed a synergistic effect between 
both factors, with a 71% increase in serum man-
ganese in the group of smokers with dyslipide-
mia compared with the group of nonsmokers 
without dyslipidemia.

A possible explanation for the synergistic 
effect observed could be as follows: manganese 
in tobacco smoke would enter the organism by 
inhalation and it would be absorbed from the ol-
factory mucosa and lungs, avoiding the hepatic 
first-pass effect (35). Smokers without dyslipi-
demia could eliminate the manganese introdu-
ced into their body by excretion mechanisms, 
mainly in the bile, while manganese elimination 
would be retarded, by the effect of fat, as ob-
served in the experiments of Finley et al.(7), in 
smokers with dyslipidemia. The exact mecha-
nisms by which dyslipidemia or saturated fat in-
take can increase manganese retention remains 
to be elucidated; however, potential alterations 
in Mn transport as a consequence of dyslipide-
mia could represent a plausible explanation for 
the findings of this study, as observed in mice 
exposed to a high fat diet which displayed in-
creased expression of the divalent metal trans-
porter 1 (DMT-1) in the duodenum (36).

On the other hand, when alcohol consump-
tion and sex were included as covariates in the 
statistical model, p-values of 0.089 and 0.065 
were obtained, suggesting a possible influence 
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of alcohol and sex on serum manganese in our 
sample, but without affecting the interaction be-
tween smoking and dyslipidemia.

One limitation of our study is the apparent-
ly small sample size; however, the 2x2 factorial 
design used here has the advantage of providing 
information about two factors separately and 
together with a reduced sample size, as every 
subject is set in one of the levels (yes or no) of 
every factor (smoking and dyslipidemia)(37).

Even when we evaluated serum manganese 
with respect to lipid status, dyslipidemia-man-
ganese relationship has been studied more in 
the other direction; for instance, low mangane-
se intake has been associated to a better lipid 
profile in healthy adults (38) while workers ex-
posed to manganese in ferromanganese industry 
had increased serum triglycerides (39); studies 
in animals have reported that manganese su-
pplementation induces hypercholesterolemia 
and hypertriglyceridemia (6, 10).Taking into 
account all these works and ours, we consider 
that it would be interesting to study the interplay 
between manganese, dyslipidemia and tobacco 
smoking and its relevance for diseases associa-
ted with high manganese levels.

Serum manganese in our sample was wi-
thin normal values; however, the interaction we 
found could be relevant in cases where manga-
nese can accumulate; for instance, in diseases 
involving biliary obstruction, such as primary 
biliary cirrhosis and cholestatic liver disease, 
in which dyslipidemia may also be present (40, 
41). Since Mn is considered as an essential part 
of the redox defense, mainly because of its role 
as a cofactor of Mn-SOD (42), it will also be 
interesting to test the effects of this interaction 
on oxidative stress in future studies.

A limitation of this study and a common pro-
blem found when Mn is studied in humans is the 
difficulty accessing its main site of accumula-
tion, the mitochondria (41), because they would 
have to be obtained from Mn target organs, such 

as the central nervous system, liver, pancreas, 
kidney, testes/ovaries or heart (28), while blood 
is the most accessible sample from humans.

It is worth mentioning that manganese has 
been identified as a potential factor contributing 
to hypertension (43) and that both dyslipidemia 
(44) and smoking (45) represent risk factors for 
hypertension and cardiovascular disease. Thus, 
interactions in this regard also deserve to be 
analyzed in more detail.

To our knowledge, this is the first time that 
a synergistic effect between dyslipidemia and 
smoking on serum manganese concentration is 
reported. From our results, we can suggest that 
when trying to maintain adequate manganese 
levels, other factors, in addition to dietary sour-
ces, should be taken into account; for instance, 
lipid status, smoking habits and probably other 
life style factors.

A wider study of the metal profile of people 
with dyslipidemia, considering life style factors, 
would contribute to comprehend the dynamics 
of metal homeostasis in dyslipidemia.
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