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Abstract Previous researches have been conducted
to study the associations of trace elements on Type
2 diabetes (T2D) risk. The present study focuses on
the evaluation of potential associations between trace
elements and Hemoglobin Alc (HbAlc) in patients
with T2D, via the determination of their levels in
human whole blood. 100 diabetes without complica-
tions, 75 prediabetes and 40 apparently healthy sub-
jects were studied. The levels of eleven trace elements
including lithium (Li), vanadium (V), chromium
(Cr), manganese (Mn), iron (Fe), cobalt (Co), cop-
per (Cu), zinc (Zn), selenium (Se), strontium (Sr) and
molybdenum (Mo) were measured using inductively
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coupled plasma mass spectrometry (ICP-MS). The
levels of fasting glucose, HbAlc, Hemoglobin, lipid,
liver function, kidney function, thyroid function and
demographic data were obtained from the Labora-
tory Information System. Nonparametric correla-
tion (Spearman) was used to analyze the relationship
between trace elements and HbAlc. The contents
of V, Cr, Mn, Fe, Co, Cu, Zn and Mo in diabetes
increased comparing with the healthy subject while
Li decreased. But the levels of Li, V, Cr, Mn, Co, Se
and Mo negatively correlated with HbAlc in the dia-
betes subjects (r value: — 0.2189, — 0.2421, — 0.3260,
— 0.2744, — 0.2812, — 0.2456, — 0.2240; 95% con-
fidence interval — 0.4032 to — 0.0176, — 0.4235
to — 0.0420, — 0.4955 to — 0.1326, — 0.4515 to
— 0.0765, — 0.4573 to — 0.0838, — 0.4266 to
— 0.0458, — 0.4076 to — 0.0229; p<0.05, p<0.05,
p<0.001, p<0.01, p<0.01, p<0.05, p<0.05).
Accordingly, the contents of V, Cr, Mn and Se
showed lower in HbAlc>7.0% group in contrast to
HbA1lc<7.0% group. No correlation of HbAlc (or
FBG) and trace elements was found in the healthy
subjects. Trace element levels and metabolic abnor-
malities of blood glucose may be mutually affected.
The extra supplement of trace elements needs to be
cautious.
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Abbreviations
T2D Type 2 diabetes
BMI Body mass index

Fe Iron

Cu Copper

Zn Zinc

Mn Manganese

Se Selenium

Sr Strontium

Li Lithium

\" Vanadium

Cr Chromium

Mo Molybdenum

Co Cobalt

ICP-MS Inductively coupled plasma mass
spectrometry

FBG Fasting blood-glucose

HbAlc Hemoglobin Al

Introduction

Type 2 diabetes (T2D), representing>90% of all
cases of diabetes, is a complex disease caused by
multiple genetic loci in interplay with lifestyle and
environmental factors. Previous studies have identi-
fied a series of risk factors for T2D, age, body mass
index (BMI), waist circumference, sex, ethnicity, low
physical activity, smoking, diet including low amount
of fiber and high amount of saturated fat, family his-
tory of diabetes, history of gestational diabetes melli-
tus, elevated blood pressure, dyslipidemia, and differ-
ent drug treatments (diuretics, unselected p-blockers,
statins) (Laakso 2019).

Trace elements are essential micronutrients
required for physiological functions of the body. They
can maintain the stabilization of the cellular struc-
tures, but their inadequacy and excess may both cause
ailments (Nordberg and Nordberg 2016). There is a
growing interest for studies aiming to clarify the role
of trace elements in the etiopathogenesis and compli-
cations of diabetes mellitus. Many previous studies
focus on the changes of single trace element in the
serum of diabetic patients and the results are contra-
dictory (Dubey et al. 2020; Chen et al. 2020; Zhang
et al. 2017; Lian et al. 2021; Yary et al. 2016; Badran
et al. 2016). Few studies have analyzed the correla-
tion between the elements in whole blood and blood
glucose levels. Glycated hemoglobin Alc (HbAlc)
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is a major component of glycated hemoglobin,
which are the products of a non-enzymatic reaction
between hemoglobin and glucose. The measurement
of glycated forms of hemoglobin can reflect the aver-
age blood glucose from the previous 2 or 3 months
(American Diabetes Association 2020; Chatterjee
et al. 2017). So HbAlc is widely used for screening,
diagnosis, and monitoring of hyperglycemia and is
independent of factors such as fasting, insulin injec-
tions, and hypoglycemic drugs taken. Moreover, dia-
betics are often accompanied by thyroid diseases or
other metabolic diseases such as dyslipidemia. It is
reported that the balance of essential trace and toxic
metals in patients significantly affect the pathogen-
esis of thyroid diseases and metabolic diseases (Hanif
et al. 2018; Wu et al. 2021).

To provide the scientific evidence of the correla-
tion of trace elements and HbAlc, we carried out a
cross-sectional analysis of data from a population in
east China. We examined the levels of trace elements
including lithium (Li), vanadium (V), chromium (Cr),
manganese (Mn), iron (Fe), cobalt (Co), copper (Cu),
zinc (Zn), selenium (Se), strontium (Sr) and molyb-
denum (Mo) in whole blood using Inductively Cou-
pled Plasma-Mass Spectrometry (ICP-MS). The sub-
jects were then divided into three groups according
to HbAlc levels and the differences between groups
were analyzed. In addition, we tested the associations
between trace elements and HbA1c levels.

Methods
Study population

One Hundred diabetes without complications (74
men, 26 women), 75 prediabetes (55 men, 20 women)
and 40 apparently healthy subjects (33 men, 7
women) were screened from the health examination
centre of Shandong Provincial Hospital affiliated to
Shandong First Medical University (the provincial
medical union base) from March 2021 to November
2021. The diabetes inclusion criteria were as fol-
lows: (1) HbAlc>6.5%, (2) no concomitant disease
apart from T2DM. Then the diabetes were furtherly
divided into subgroups according to HbAlc level:
HbA1c>7.0% and HbAlc<7.0%, or subgroups
according to FBG (fasting blood-glucose) concen-
tration: >7.0 mmol/L and FBG<7.0 mmol/L. The
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prediabetes inclusion criteria were as follows: (1)
HbAlc>6.0% and HbAlc<6.5%, (2) FBG<7.0
mmol/L, (3) the diagnostic criteria for diabetes have
not been met at the time of inclusion. The diag-
nosis of diabetes was based on fasting serum glu-
cose level (>7.0 mmol/L), 2-h serum glucose level
(=11.1 mmol/L), and hemoglobin Alc (HbAlc)
value (>6.5%). The common exclusion criteria for
the diabetes and prediabetes subjects included other
metabolic or nutritional diseases, such as thyroid dis-
ease, dyslipidemia, and anemia. The healthy subjects
without any chronic disease were as control groups.
None of the recruited subjects were supplemented
with extra micronutrient. This study was approved
by the Medical Ethics Committee of Shandong First
Medical University in accordance with the Declara-
tion of Helsinki (ethical approval number is NSFC:
No. 2021-112).

Data collection

The diabetes, prediabetes and healthy subjects under-
went thorough blood and urine tests on empty stom-
achs after admission. The remaining whole blood
samples were collected at the same time and stored at
-80°C for trace elements determination using Agilent
7900 ICP-MS (Agilent, Tokyo, Japan) with whole
blood element testing kit (LOT: WL2012011; Bai-
chen, Hangzhou, China). We obtained the other medi-
cal reports of liver function, renal function, thyroid
hormones, lipid, FBG, HbA 1c, hemoglobin and urine
protein of the participants from the Laboratory Infor-
mation System.

Statistical analysis

Statistical analyses were performed using GraphPad
Prism Software Version 5.0 (La Jolla, CA, USA).
Shapiro-Wilk normality test was used for normal-
ity test. Because not all of the data were normally
distributed, we present all data as median (Q1, Q3).
The difference between >2 groups were evaluated
with the Kruskal Wallis one-way analysis of variance
(ANOVA) and the difference between 2 groups were
evaluated with the Mann-Whitney U test. Spearman
coefficient values for correlation of two statistical var-
iables were also determined. All p values were two-
tailed and p values less than 0.05 were considered
significant.

Results

The content of trace elements in diabetes, prediabetes
and healthy groups

The demographic, clinical and biochemical charac-
teristics of the diabetes, prediabetes and healthy sub-
jects are shown in Table 1. The contents of Li, V, Cr,
Mn, Fe, Co, Cu, Zn, Se, Sr and Mo expressed as 25th,
50th (median) and 75th percentiles in diabetes, pre-
diabetes and healthy subjects’ whole blood are shown
in Table 2, while the average and SD values are pre-
sented in Fig. 1. There were statistically significiant
differences of Li, V, Cr, Mn, Fe, Co, Cu, Zn, Se and
Mo among the three groups (p <0.05 for all). Higher
contents of V, Cr, Mn, Fe, Co, Cu, Zn and Mo, but
lower content of Li were detected in the diabetes
subjects’ whole blood in comparison to the healthy
subjects (Fig. 1, p<0.05 for all). However, in case
of Se, there was no statistically significant difference
between the diabetes and healthy subjects (Fig. 1,
p>0.05). And higher contents of V, Cr, Mn, Fe, Cu,
Zn, Se and Mo were also detected in the prediabetes
subjects’ whole blood in comparison to the healthy
subjects’ (Fig. 1, p<0.05 for all). As to diabetes sub-
jects comparing with prediabetes subjects, higher
contents of Mn, Fe, Cu and Se were detected (Fig. 1,
p<0.05 for all).

Association between trace elements in whole blood
and HbAlc

As presented in Table 3, Spearman test revealed the
correlations between trace elements concentrations
and HbA1c levels in the prediabetes, diabetes, predia-
betes and diabetes, healthy subjects. Positive correla-
tions between HbAlc and Li (in the prediabetes sub-
jects, p<0.0001), HbAlc and Cu (in the prediabetes
and diabetes subjects, p <0.05) were observed. While
negative correlations between HbAlc and Li, V, Cr,
Mn, Co, Se or Mo (in the diabetes subjects, p <0.05
for all), HbAlc and V, Cr, Mn or Se (in the pre-
diabetes and diabetes subjects, p <0.05 for all) were
observed. As to FBG, negative correlation of Mn
(»<0.05) and positive correlation of Cu were found
in the prediabetes and diabetes subjects (p<0.05,
supplement materials Table 1). For healthy subjects,
no correlation of HbAlc (or FBG) and trace elements
was found.

@ Springer



1011-1022

Biometals (2022) 35

1014

691 (194 a3 98°¢ 06 0L 133 ws 191 60°S 06T 08t 65 009 09 18 wnwixep
L1 L6°1 9zl 88 9 o€ L6 kel €r'e PELL O'SH T 6€°S 6 69 QNI %SL
9yl 9¢'1 6L11 1oL €< 0L 99 00°1 9T 8ISl g€ 61 yIS 'S 9 ueIpIN
91 YO’ 0TIl 06°¢ SS9 Ly ®T 90 €80 €67 6T Ll €l (434 49 9 NUAIG %ST
8zl 00 LOO1 e Lty 6T A LT 90 980 69 S6¢ 8 e 8 PE wnwiupy
Or=N)
- 110409 [0Nu0))
oA 66'¢ 81°S1 s $'801 96 Le€ S8’ 89'1 188 Iy LIS w 6L9 79 8 wnuirxey
Sl PLET el sLy SsL 9 81°¢ €rg LET L0€ w9l S 9 179 €9 69 IR %SL
ovl €89'1 $611 st 99 TS 99T (454 60'1 €5T L€l € 0T ws 9 29 ueIpajy
81 wrt 811 10 95 S 8T 90 88°0 61T LI 9T ¥l €< 19 LS MU %ST
Lin 9SHH0 SL6 ste 689 e el SLT 60 LET 69 8'LE 6 54 19 € wnwuny
- (§L=N) sa1equip-a1d
sl 9t 9I°s1 €Ts 9L6 oL 69°€ P19 86'1 LY 6v'€c  TO0S 0s L5°91 €r1 68 wnurrxey
91 we 88°T1 0sy oL 6S 96T S6F Sl 61°€¢ PSLL SO ST 8T8 SL [ a[uadIad %SL
0s1 191 ozl [Sad 959 € 19C 6y 81'l 69T WrL 6t 61 6TL 69 ¥9 ueipay
8€l STl LETI 96°€ TLS Lt 60T 9L€ €60 07T LETL  6TH 1 LT9 99 LS a[nuadIad %ST
311 344 176 9I'€ [ (34 Pe'l SLT 81°0 L0 P8L 8'8¢ 6 sTe S9 143 WUy
- (001=N) sewquiq
13 (110wl (1r0wn)  (1/3) (Toww) NI %)
din 49H (M HSL  (vowd) prg  (powd) gLg  (p1owr) ¥ (1/10ww) NNg (yloww) 1q7  (Yoww) Y (joww) OL pit:tel TeL 4y (V) LTV supse] O|vgH 93V

s100[qns ay) jo 1ojoweIed T AqEL

prlnger

A's



1015

Biometals (2022) 35:1011-1022

1000°0> Qs 10070 > Do “10°0> D ‘600> e

w656 1000°0>  SS°0 #x¥800°0  s###x1000°0> #x5%1000°0> %0700 #%¥000°0 ##x%1000°0>  s5#%x1000°0> #xxx10000> %8€0°0 anfes d
6L'19 0T1 96 L8l wTy IS4 [SSY| 798¢ SLE 9°0S ¥$9 159} SI[eM—TedSNIY
e ¢esy  089¢y 668L 01101 61°'T  8886SS L00T 00°0C 000 24 WNWIxen
I¥'C LT9¢  009¢T €819 1'7¢8 L9°0  T6609% ILT1 ¥S01 000 LO0C Q[IuddId %SL
IL'1 TL8T  0L'61T 818¢ 0CLL S0 TLTEEy evol1 000 000 991 UBIPIN
000 LTTC 067181 9L6Y 6°S69 €€°0  Y99LLE S9'8 000 000 9’1 Q[nuRdI™ %ST
000 Lyl 001 896C LTy 61°0  89¢€9T 0S9 000 000 800 winwruri

(O =N) 10yo9o [onuo)
19°L S6'vy S 00¥ 8501 (443! 960  ¥8CIL9 ¥8°09 1L°9C 060 LLY WNWIxepn
(US4 €6°6¢ €'19¢C 8¥CL 9°¢v6 0L'0  960T0S €V LT L1 8T0 861 Q[lUddId %SL
¥Te SI6c L'€ET 9799 1'9L8 8S°0  889¥9t 971 4! €ro w1 UBIpIN
16°C 9'¢C ¥°00C 989¢ L'TI8 870 089Sty OL'TI 9¢'8 10°0 8%°0 9[lUddId %ST
000 9¢°S1 | K 9¢Te 6°'19S €€’0  ¥8600C 61y 000 000 000 [SULEH A

(SL=N) seqe1p-aid

I'9C  09°L8 S 10¥ €106 0p€Cl o'l ¥8€08¢ €6'v¢ 79°Ce ¥8°0 L89 WNWiIxepn
1294 y1ee 8'0SC €TeL 00101 L9°0  0TSTor 08°SI evSl 9T0 99°1 9[IUIdId %SL
61'¢ $6°8¢C 661C €L99 8'CC6 650  968SSY 124! SO'TT 01°0 00'1 UeIpON
89°C °6'CC I'eol 6119 o8 S0 v019Ty S0 LTL 000 S0 9[nUIdId %ST
91'L o€l LYl 91SY €669 1€°0  Tevbee yL'S 44 000 000 [SULSTH A
(00T =N) saeqerq

ON IS BN uz no 0D o U D A T

s100[qns Ayireay pue sa3eqeipaid ‘sejoqeIp ul SJUSW[ 9.1} SnoLIeA Jo uostredwo) g d[qel

pringer

A's



1016

Biometals (2022) 35:1011-1022

Tk
@ . C))
* fekewk
2.0+ |
-/
2 2
) B, =
= 2
o =
- =
L I
Diabetes Prediabetes Healthy Diabetes Prediabetes Healthy
I Tk
(2) e ®) % e
500000+ | | | |
4000004
-~
= 300000
on
=
N
© 2000004
B~
100000
0- T
Diabetes Prediabetes Healthy Diabetes Prediabetes Healthy
3 OO 6) .
Tekwk
0.7
0.6
——
0.5
~~ -~~~
- I~
> S 0-44
2 Z
bt 0.34
S °©
®) I Q
0.2
0.1
T 0.0- T
Diabetes Prediabetes Healthy Diabetes Prediabetes Healthy

Fig.1 Comparison of trace elements contents (ug/L) in the
diabetes, prediabetes and healthy subjects. Bar graphs were

used to visually display the changes in the peripheral whole (*p<0.05

@ Springer

blood and data were expressed as means +standard devia-
tion. Signifcant diferences between two groups were marked
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Subgroup analysis in patients with diabetes

Various elements (V, Cr, Mn and Se) which nega-
tively correlated with HbAlc in diabetes also per-
formed lower concentrations in HbAlc>7.0%
group in contrast to HbAlc<7.0% group (p <0.05
for all) (Table 4). But all trace elements showed
no obvious difference between FBG>7.0 mmol/L
group and FBG <7.0 mmol/L group (p>0.05 for
all) (supplement materials Table 2).
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Discussion and conclusion

The importance of trace elements for diabetes has
been increasingly recognized, but the conclusions
reported controversially (Dubey et al. 2020; Chen
et al. 2020; Zhang et al. 2017; Lian et al. 2021; Yary
et al. 2016; Badran et al. 2016). In this study, the
recruited patients newly diagnosed with diabetes and
prediabetes on physical examination have not experi-
enced dietary control or medication. The detection of
eleven trace elements in peripheral whole blood using
gold standard ICP-MS can better reflect the situation

@ Springer



Biometals (2022) 35:1011-1022

1018

1000°0> @i 100°0> s “10°0> D “G0°0 > d

[V UIQO[SOWSH 27 VqH
1€€6°0 $$80°0 8H7E0 £P6£°0 018670 900€°0 €LOT0 868¢°0 - 8060°0 anfea d
1691°0 0191°0 6£¥S°0 [EAISIUL 20USP
8L0E0—¥TEE 0 — TOYO' 0—TLYS 0 — —996#°0 — 16€¥°0-C061°0 —9€TE0—LIIE0 — —1€9%°0 — SHTI'0-816¥°0 — LL8T'0-CI¥H0 — - —6£S0°0 — -gyuo) %66
LETO0 — €SLT0 — 86S1°0 — ¥8E1°0 6£00°0 81910 — LEOTO — 60v1°0 — - 01LT0 anfeA 1
Or=N)
110402 [onuo)
929L°0 +7L00°0 YETH0 #2000 TLIS0 880C°0 #5+£000°0 x6010°0 #%8500°0 66680 anjea d
T0E1°0 80S0°0 — 91120 1850°0 80CI0 — S0v0°0 — L9S0°0 — 0291°0 [eAIS)UT 90U
~1SLT0 — 01 0PE0 — ~LT60°0 — T9E'0 ~ ¥8LO'0 SEOT0-CIOT0 — ~9PpT0 — 01 94070 — 01 6v€€°0 — 01 26¥€°0 — ~€EPT0 — -uod %66
0€20°0 — 61020 — 60900 €82C°0 00S0°0 — $S60°0 — 68970 — 0T61°0 — 9L0T°0 — 9600°0 onfeA 1
(SLI=N)
$319qeIp 4 83
-oqeIp-aid
%«1S20°0 *8€10°0 EP80 09€€°0 #:9700°0 0996°0 #%L500°0 #4£6000°0 *CS10°0 #L820°0 anfea d
622070 — 85100 — €170 8¢80°0 — £902°0 S9L0°0 — 9TE1°0 — 0Tr0°0 — 9L10°0 — [eAIB)UT 2OUSD
01 9L0t°0 — 0199740 — —8781°0 — 9€6T0-0L0I'0— O ELGH ) — -0861°0 — 01 GTI6H°0 — 01 §G61°0 — 0 GETH 0 — 01 Z€07'0 — -Juo) %56
0veT0 — 9S¥T'0 — 0020°0 TL60°0 TI8T0 — €000 YLT0 — 092€°0 — 1TvT0 — 681270 — anfea 1
001=N)
sajoqeI(
€80 ¥hv9°0 Y0TH 0 £607°0 L9L90 TL6T0 60€€°0 LLLSO TOPI0  xx10000> anpea d
o 8P11°0 L990°0 [eAIO)UL QOUSD
$80T°0-€85T°0 — 1#8C°0—9181°0 — —807€°0 — 9L9¢°0—6680°0 — T6LT 0—L981°0 — —9G6H€°0 — 6CTI°0—€8€€°0 — €91C°0-S0ST0 — —9/8€°0— 8%99°0—SHIE€0  -JuoD %G6
¥920°0 — Ws00 ¥160°0 — LOYT0 687070 0TTI0 — 8EI1°0 — 18100 — $691°0 — S01$°0 anfeA 1
(SL=N)
$9)19qRIp-a1d
O EN uz ny V) EE| upN e} A T

91 VQH PUe POO[q S[OYM UI SJUSWII[S 0BT} UM SUONBIOOSSY € d[qRL,

pringer

A's



Biometals (2022) 35:1011-1022

1019

Table 4 Comparison of various trace elements between HbAlc >7.0% group and HbAlc <7.0% group in diabetes

Li \% Cr Mn Co Se Mo

HbAlc<7.0% (N=52)
Minimum 0.00 0.00 3.61 6.44 0.32 158.1 1.16
25% Percentile 0.61 0.00 8.08 11.56 0.53 201.2 2.68
Median 1.13 0.19 12.28 13.53 0.62 226.2 3.76
75% Percentile 1.90 0.30 17.01 16.80 0.69 261.0 5.66
Maximum 3.93 0.84 32.62 34.93 1.40 338.0 26.41
HbA1lc>7.0% (N=48)
Minimum 0.00 0.00 2.52 5.74 0.31 147.5 1.96
25% Percentile 0.42 0.00 6.48 10.22 0.50 180.9 2.64
Median 0.84 0.04 9.95 11.71 0.57 209.8 3.34
75% Percentile 1.64 0.18 13.84 13.97 0.65 240.3 4.18
Maximum 6.87 0.61 30.79 24.17 0.95 401.5 6.20
Mann—Whitney test
U value 1068 969 867 897 978 890 1033

p value 0.2143 0.0452* 0.0087%** 0.0156* 0.063 0.0136* 0.138

HbAIc Hemoglobin Al
*p<0.05, *#p <0.01

of trace elements in vivo (Laur et al. 2020). The novel
findings are as follows: First, the levels of Li, V, Cr,
Mn, Fe, Co, Cu, Zn, Se and Mo differed among the
diabetes, prediabetes and healthy subjects except for
Sr. Second, the contents of various elements (V, Cr,
Mn, Fe, Co, Cu, Zn, Se and Mo) in the diabetes sub-
jects or in the prediabetes subjects did not decrease
comparing with the healthy subjects except for Li.
Third, the levels of various elements (Li, V, Cr, Mn,
Co, Se and Mo) negatively correlated with HbAlc in
the diabetes subjects. Moreover, the contents of V, Cr,
Mn and Se also showed lower in HbAlc >7.0% group
in contrast to HbAlc <7.0% group.

Previous animal and cell studies of trace elements
in T2D remains controversial with clinical stud-
ies. Similarly, our clinical study results also differed
from previous results in certain elements, which are
mostly due to the selection of specimen. In this study,
we analyzed the levels of trace elements in peripheral
whole blood, whereas previous studies used serum or
urine (Dubey et al. 2020; Wu et al. 2021; Wang et al.
2016; Kohler et al. 2018; Siddiqi et al. 2020; Shan
et al. 2016; Sun et al. 2020; Yin et al. 2019; Zhao
et al. 2019; Fukunaka and Fujitani 2018). Authori-
tative assessments of trace elements levels in human
body include trace elements intake and the intra-tis-
sue content. However, trace elements intake is not a

good indicator for the differences in absorption capac-
ity of individuals. Due to uneven distribution, lower
contents of trace elements or easily contaminated,
the assessments of trace elements in serum, urine,
nail or hair are also not good choices (Joda and Ward
2021; Luan et al. 2021). And it is difficult to extract
and analyze trace elements of organ tissues from dia-
betic or healthy human. In comparison, the contents
of trace elements in whole blood can more accurately
reflect the nutritional status of body, especially for
trace elements which are richer intracellularly. More-
over, previous studies mostly focused on single trace
element in the development of diabetes (Dubey et al.
2020; Wu et al. 2021; Wang et al. 2016; Kohler et al.
2018; Siddiqi et al. 2020; Shan et al. 2016; Sun et al.
2020; Yin et al. 2019; Zhao et al. 2019; Fukunaka and
Fujitani 2018). In fact, there are interactions between
elements in the body (Luan et al. 2021; Zemrani and
Bines 2020). Spearman test revealed a large number
of correlations between trace elements in diabetic
patients (supplement materials Table 3).

The results of this study showed that there are dif-
ferences in whole blood trace elements levels among
the diabetes, prediabetes and healthy subjects except
for Sr. Sr level is relatively too low in whole blood
due to 99.0% of Sr present in the bones (Zemrani
and Bines 2020; Cannas et al. 2020). The results of

@ Springer
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this study also showed that the majority of diabetic
patients do not have micronutrient deficiencies except
for Li. It has been reported that Li can enhance the
synthesis and secretion of insuline (Zemrani and
Bines 2020; Cannas et al. 2020; Calderén Guzman
et al. 2019; Jung et al. 2021). Li decreased in the
diabetes comparing with healthy subjects, which is
consistent with previous reports. The other elements
excluding Se increased in different degree in the dia-
betes comparing with healthy subjects. Hence most
trace elements are not deficient in diabetes, which
is largely due to the excess nutrition that comes
with the improvement of people’s living standards
(Weihrauch-Bliiher et al. 2018). Both excesses and
deficiencies of trace elements may cause oxidative
stress and lead to imbalances in glucose homeostasis
and insulin resistance (Dubey et al. 2020). Moreover,
overdose metallic elements may be accumulated and
deposited mainly in the liver, which is an important
organ of glucose metabolism. Metallic elements over-
loading will increase the burden of liver, resulting in
glucose dysregulation and diabetes mellitus (Shan
et al. 2016; Sun et al. 2020; Yin et al. 2019; Zhao
et al. 2019; Fukunaka and Fujitani 2018).

On one hand, our studies indicate that the excessive
trace elements can be involved in the progression of
diabetes mellitus. On the other hand, diabetes melli-
tus can also alter the concentrations of trace elements,
which may further lead to changes in the micronutri-
ents status of an individual (Dubey et al. 2020). The
results of this study indeed showed negative relation-
ships between the elements (Li, V, Cr, Mn, Co, Se or
Mo) and HbAlc in the diabetes subjects. In accord-
ingly, the levels of V, Cr, Mn and Se were lower in
the diabetes with HbAlc>7.0% comparing with the
diabetes with HbAlc<7.0%. There have been stud-
ies on the relationship between FBG and elements,
but we did not find any correlation (supplement mate-
rials Table 1). And there was no difference of trace
elements between the diabetes subgroups divided by
FBG (supplement materials Table 2). However, in
healthy subjects, we also have not found any trace
elements concentrations associated with HbAlc or
FBG. As is known that HbAlc can better reflect the
average high blood glucose levels of the body (Ma
et al. 2021). Obviously, hyperglycemia can affect gas-
trointestinal function of the body, and trace elements
are mainly absorbed in the intestinal tract through
active absorption and passive absorption (Chatterjee

@ Springer

et al. 2017). Thus, the development of diabetes affects
the absorption of trace elements and potentially alters
the concentrations of trace elements. Our study also
has some limitations. The absolute value of correla-
tion coefficients were lower because of fewer patients
with high HbAlc value (> 10.0%).

The results of this study also showed that the
change of Cu and Li with HbAlc in the body were
different from other elements. Cu was elevated in the
diabetes and positively correlated with HbAlc in the
diabetes and prediabetes subjects, but there was no
correlation in the diabetes subjects or in the predia-
betes subjects. Our investigations indicate that excess
of Cu is indeed not good for glucose regulation which
is consistent with previous studies (Sun et al. 2020).
Li was reduced in diabetes and positively correlated
with HbAlc in the prediabetes subjects, but nega-
tively correlated with HbAlc in the diabetes subjects.
Although the change of Li appeared dramatically, it
has protective effects on glucose regulation.

In this study, we evaluated eleven trace elements
in whole blood for a population of diabetes and pre-
diabetes. Although some elements are negatively cor-
related with HbAlc in the diabetes subjects, most of
them are not significantly deficient and even higher
comparing with the healthy subjects. The extra sup-
plement of trace elements for diabetes and prediabe-
tes needs consideration. Reasonable supplement and
regular monitoring are essential. This study provides
the most in-depth investigation of trace elements and
HbAlc, and the obtained data is hoped to be helpful
for clinical assessment for determining the appropri-
ate level of nutritional intake and the need for supple-
ments in diabetes and prediabetes.

Conclusions

In conclusion, by analyzing the contents of nutri-
ent elements in whole blood of the diabetes without
complications, prediabetes and apparently healthy
subjects using ICP-MS, higher contents of various
elements (V, Cr, Mn, Fe, Co, Cu, Zn, Se and Mo)
were found in the diabetes subjects or in the predia-
betes subjects comparing with the healthy subjects
except for Li. However, the levels of various elements
(Li, V, Cr, Mn, Co, Se and Mo) negatively corre-
lated with HbA1c in the diabetes subjects. Moreover,
the contents of V, Cr, Mn and Se showed lower in
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HbA1c>7.0% subgroup in contrast to HbAlc<7.0%
subgroup of the diabetes. These data are hoped to be
helpful for clinical assessment in the diagnosis and
treatment of diabetes or health care.
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