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A B S T R A C T

Organochlorine pesticides (OCPs) have been reported to be associated with an elevated risk of type 2 diabetes,
although no study has focused on such associations in Chinese populations. In this case-control study, we aimed
to explore the associations between OCPs and type 2 diabetes and their potential mechanisms in a population
from East China. Participants diagnosed with type 2 diabetes and nondiabetic participants from Shandong
Province, East China, were enrolled in this case-control study. Six OCPs (β-HCH, trans-chlordane, trans-nona-
chlor, p,p’-DDE, p,p’-DDT and mirex/kepone) were detected in more than 75% of serum samples. Logistic re-
gression analysis and multiple linear regression analysis were used to assess the associations between OCP
exposure and the outcomes. After adjusting for potential confounding factors such as age, sex and body mass
index, all six OCPs showed positive associations with type 2 diabetes in a linear dose-response manner. Serum
concentrations of β-HCH and p,p’-DDE were associated with higher levels of fasting plasma glucose in partici-
pants without diabetes, although no OCPs showed significant associations with hemoglobin A1c. In addition,
certain OCPs showed significantly positive associations with triglycerides, total cholesterol, and low-density
lipoprotein cholesterol and negative relationships with high-density lipoprotein cholesterol in nondiabetics,
indicating that OCP exposure may disrupt lipid metabolism. Findings in the current study indicated that OCPs
may be a diabetogenic factor in the population of this study. To our knowledge, this is the first study to in-
vestigate the associations between OCP exposure and type 2 diabetes in a Chinese population.

1. Introduction

Organochlorine pesticides (OCPs) are group of persistent organic
pollutants (POPs) that have been widely used for pest control in agri-
culture and disease vector control. Since the 1970s, developed countries
began to prohibit the use of OCPs for agricultural purposes due to their
environmental persistence, ecotoxicity, and potential human health
effects (Voldner and Li, 1995). Nine OCPs (aldrin, chlordane, di-
chlorodiphenyltrichloroethane [DDT], dieldrin, endrin, heptachlor,
hexachlorobenzene [HCB], mirex and toxaphene) were among the
“dirty dozen” identified by the Stockholm Convention in 2001, followed
by six others (α-hexachlorocyclohexane [HCH], β-HCH, lindane, pen-
tachlorophenol and its salts and esters, and technical endosulfan and its

related isomers) (UNEP, 2008). At present, OCPs are still being manu-
factured and used in some countries.

As a large agricultural country, China produced and used large
quantities of OCPs in the past (Li et al., 1998; Wei et al., 2007). By
2003, the accumulated productions of DDT, HCH, HCB (1988–2003)
and toxaphene were 459,000, 141,366, 79,278, and 20,660 tons, re-
spectively (Hu et al., 2007). Although the use of OCPs for agriculture
was banned in China since the 1980s, they have continued to be de-
tected in the environment and humans in the country (Qin et al., 2011;
Wang et al., 2017). Concentrations of p,p’-dichlorodiphenyldi-
chloroethylene (DDE), HCB, and HCH in body fat and sera of the Chi-
nese population were higher than those found in many other parts of
the world (Ali et al., 2016; Hu et al., 2007; Qin et al., 2011).
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Exposure to OCPs has been reported to be associated with several
adverse health conditions such as diabetes, metabolic syndrome, and
insulin resistance (Lee et al., 2007; Lee et al., 2011; Turyk et al., 2009a).
In particular, a growing number of studies have indicated that OCP
exposure may be a diabetogenic factor (Evangelou et al., 2016; Son
et al., 2010; Turyk et al., 2009a; Zong et al., 2018). In recent years, the
prevalence of diabetes has increased dramatically all over the world. In
2017, 425 million people were estimated to have diabetes worldwide,
accounting for 8.8% of adults aged 20–79 years. The number of people
with diabetes is expected to reach 629 million by 2045 (IDF, 2017).

A large number of recent epidemiological studies have investigated
the effect of OCPs on type 2 diabetes (Aminov et al., 2016; Gasull et al.,
2012; Park et al., 2019; Turyk et al., 2009b). However, no study has
focused on such associations in Chinese populations. In addition, the
pathogenesis of type 2 diabetes affected by OCPs remains largely un-
clear. Type 2 diabetes is characterized by abnormal insulin secretion
caused by pancreatic β-cell dysfunction and/or insulin resistance
(Chatterjee et al., 2017; Zimmet et al., 2001). As standard glycemic
markers, fasting plasma glucose (FPG) and hemoglobin A1c (HbA1c)
have been used to diagnosis diabetes. Thus, knowledge on how OCP
exposure influence the levels of diabetes biomarkers could offer insight
on mechanisms linking OCP exposure with the risk of diabetes. In ad-
dition, previous studies found a direct relation between elevated levels
of cholesterol and reduced insulin secretion (Hao et al., 2007), in-
dicating that levels of lipid fractions in human serum may be associated
with the development of diabetes. However, the mediation effects of
lipids on the associations between OCPs and diabetes have not yet been
clarified.

In the present study, we conducted a case-control study to explore
the associations between OCP exposure and the prevalence of type 2
diabetes among a Chinese population. To further clarify the potential
mechanisms of OCP exposure with the development of type 2 diabetes,
we analyzed the associations between OCPs and FPG, HbA1c, as well as
lipid factions in nondiabetic participants.

2. Materials and methods

2.1. Study cohort

A hospital-based case-control study was conducted during
2016–2017 in Shandong Province in East China. Details about the po-
pulation have been described previously (Han et al., 2020). Briefly, 507
participants aged 25–74 years were enrolled in this study initially, in-
cluding 265 participants diagnosed with diabetes and 242 participants
without diabetes. All participants were recruited at Shandong Pro-
vincial Qianfoshan Hospital, and participants without diabetes were
selected from people who went to the hospital to take physical ex-
aminations. Participants in the control group were age matched to
diabetics (± 5 years) and confirmed to meet the following criteria: (1)
having an FPG level less than 7.0 mmol/L, (2) having no history of
physician-diagnosed diabetes, and (3) not undergoing lipid-lowering
medical treatment. In addition, people with missing information on age,
sex, height, weight, triglyceride levels or total cholesterol levels were
excluded from this study. Therefore, 158 diabetic participants and 158
controls participated in this study. Fasting blood samples were collected
from these participants during their visits to the hospital.

2.2. Chemicals and materials

13C-labeled OCP mixtures, including surrogate standards (ES-5465)
and injection standards (EC-5350), were obtained from Cambridge
Isotope Laboratories (Andover, MA, USA). Pesticide-grade solvents such
as dichloromethane, n-hexane, and methanol were purchased from J.T.
Baker Company Inc. (Phillipsburg, NJ, USA). Formic acid (99%) was
bought from Acros Organics (Belgium), 2-propanol (≥99.9%) was from
Merck (Darmstadt, Germany), and nonane (chromatographic grade)

was obtained from Sigma-Aldrich (USA). Prior to use, silica gel 60
(particle size 0.063–0.100 mm) and anhydrous sodium sulfate
(Na2SO4), obtained from Merck (Darmstadt, Germany), were baked at
550 °C for 12 h and at 660 °C for 6 h, respectively.

2.3. Analysis of organochlorine pesticides

Prior to extraction, 1 ng of the 13C-labeled surrogate standard
mixture (ES-5465) was added into each sample for qualification and
quantification. Each serum sample was solid-phase extracted on an
Oasis® HLB cartridge (6 cm3/500 mg, Waters, Milford, MA, USA). A
small multilayer silica gel column was used for the cleaning of the
extract (Salihovic et al., 2012). The details about the serum preparation
are given in Han et al. (2019).

Before instrumental analysis, 1 ng of 13C-labeled injection standards
(EC-5350) was spiked into the processed sample as a recovery standard.
OCPs were detected by a high-resolution gas chromatography coupled
with a high-resolution mass spectrometer (HRGC/HRMS, DFS, Thermo
Fisher, USA) with an electron impact (EI+) ion source. A 30 m DB-5MS
fused silica capillary (J&W, Scientific, 0.25 mm i.d. × 0.25 μm film
thickness) was used for separation. Operational parameters of the in-
strument were the same as described previously (Zhang et al., 2015).

The recoveries of OCP surrogates in serum samples ranged from
30% to 124%. The limit of detection (LOD), which was defined as three
times the signal-to-noise ratio, was 0.07–13.44 pg/mL for OCPs in this
study. In addition, one procedural blank was processed with each batch
of 11 samples. Most compounds were detected below the LOD in the
blanks, except for p,p’-DDE, which was detected in a relatively low
concentration (less than 10% of the concentrations in the serum sam-
ples). The reported concentrations of OCPs were not blank corrected.

2.4. Clinical chemistry parameters analysis

Clinical chemistry parameters in serum samples, including HbA1c,
FPG, total cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C),
were analyzed at Shandong Provincial Qianfoshan Hospital. Blood
samples collected in collection tubes with EDTA as an anticoagulant
were used to determine HbA1c. Blood samples collected in collection
tubes without anticoagulants were used to measure other clinical
chemistry parameters. HbA1c was analyzed in whole blood by high-
performance liquid chromatography. FPG was enzymatically quantified
and all lipid fractions were measured in serum. Total serum lipids (TLs)
were calculated by the following formula: total lipids = 2.27 × total
cholesterol + triglycerides + 0.623 (Phillips et al., 1989). The unit of
total lipids, total cholesterol and triglycerides in the formula was g/L.
The lipid-standardized concentrations of OCPs were calculated by di-
viding the wet-weight concentrations by the total lipids.

2.5. Statistical analysis

A total of 26 OCPs were analyzed in serum samples, including
pentachlorbenzene, α-HCH, HCB, β-HCH, γ-HCH, δ-HCH, heptachlor,
aldrin, oxy-chlordane, cis-heptachlor epoxide, trans-heptachlor epoxide,
trans-chlordane, o,p’-DDE, cis-chlordane, endosulfan I, trans-nonachlor,
dieldrin, p,p’-DDE, o,p’-dichlorodiphenyldichloroethane [DDD], endrin,
endosulfan II, cis-nonachlor, p,p’-DDD, o,p’-DDT, p,p’-DDT, and mirex/
kepone. Only six OCPs (β-HCH, trans-chlordane, trans-nonachlor, p,p’-
DDE, p,p’-DDT, and mirex/kepone) were detected in more than 75% of
samples. The concentration data of these six OCPs were used in statis-
tical analyses. The concentrations of OCPs below their respective LODs
were imputed as LOD/2.

The normality of distribution of continuous variables was evaluated
by the Kolmogorov-Smirnov test. To compare the difference in con-
tinuous and categorical variables between the case and control groups,
Student's t-tests, Mann-Whitney U-tests, and chi-square tests were
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performed. Because of the skewed distribution of most continuous
variables, Spearman rank correlation analysis was used to assess the
relationships between different continuous variables, such as OCP
concentrations, age, and body mass index (BMI).

Odds ratios (ORs) and 95% confidence intervals (CI) were calcu-
lated by logistical regression analysis to estimate the associations be-
tween OCP exposure and the risk of type 2 diabetes. The formula of this
regression model is

Logit (π) = β0 + β1X1 + … + βmXm

where π is the proportion of diabetics in a group and Xi is the covari-
ates. The OR is the natural exponential function eβ (Barros and
Hirakata, 2003). The serum concentrations of the OCPs in this study
population were categorized into three groups using the cut points of
the POPs distribution in control group at the 1st and 2nd tertiles. Po-
tential confounding factors including age, sex, and BMI were included
in the adjusted models in the regression analysis. In the models using
concentrations based on the wet-weight of the serum, we further con-
sidered total cholesterol and triglycerides as potential confounders. The
P-value for linear trend over the tertiles was also calculated.

Since most diabetics were under therapeutic treatment, the asso-
ciations between OCPs and clinical chemistry parameters including two
glycemic markers (FPG and HbA1c) and four lipid fractions (total
cholesterol, triglycerides, HDL-C, and LDL-C) were assessed only among
participants in the control group using multiple linear regression ana-
lysis. Levels of all six clinical chemistry parameters were log10-trans-
formed to fit the regression, while OCP concentrations were expressed
as either log-transformed continuous variables or categorized variables.
Age, sex, BMI, total cholesterol, and triglycerides as confounders were
all considered in the final model to evaluate the associations between
OCPs and two glycemic markers. Only age, sex, and BMI were adjusted
in the multiple linear regression analysis to assess the associations be-
tween OCPs and the four lipid fractions. To compare results from lo-
gistical regression and multiple linear regression analysis, we focused
on the results adjusted with age, sex, and BMI.

A two-sided p-value of< 0.05 was set to be statistically significant.
All statistical analyses were conducted by SPSS 25.0 (IBM, Chicago, IL).

3. Results and discussion

3.1. Baseline characteristics

Fig. 1 shows the comparison of clinical chemistry parameters in
serum samples between case and control groups. It was not surprising
that participants with diabetes had higher BMI, FPG, and HbA1c and
lower levels of HDL-C than nondiabetics. As we know, overweight or
obesity is a risk factor for diabetes (Hu et al., 2001; Lee, 2012). In
addition, type 2 diabetes is often accompanied by dyslipidemia and
characterized by high levels of triglyceride and small dense LDL parti-
cles and a low level of HDL-C (Chehade et al., 2013; Hao et al., 2007).
However, there was no significant difference in the levels of triglycer-
ides, total lipids, and LDL-C between the two participant groups, but
total cholesterol levels were significantly higher in the nondiabetic
group than in the diabetic participants. Since diabetic patients needed
to control not only glucose but also blood lipids, the low or normal
levels of blood lipid fractions in diabetic participants might be the re-
sults of the medical treatment for type 2 diabetes or dyslipidemia.
Previous studies have indicated that medications, such as metformin, to
control glucose levels in patients with type 2 diabetes can also decrease
cholesterol and triglyceride levels (Giugliano et al., 1993).

Among the six OCPs that were detected above the LOD in more than
75% of the samples, p,p’-DDE had the highest concentrations, followed
by β-HCH (Table 1). Compared with controls, diabetics had sig-
nificantly higher concentrations of OCPs in serum. Serum concentra-
tions of ∑6OCPs were 6.21 ± 2.25 ng/mL in diabetic patients, and

3.36 ± 2.81 ng/mL in participants in the control group. For individual
OCPs, the mean case-to-control concentration ratios ranged from 1.6 to
3.8.

The median concentrations of p,p’-DDE measured in this work for
the nondiabetic participants (404 ng/g lipid) is comparable with those
reported from five other cities across China in 2014 (318 ng/g lipid),
but are less than those detected in Hong Kong residents (1219 ng/g
lipid for females and 961 ng/g lipid for males), and in rural and urban
areas in Guangdong Province, China (673, 651 ng/g lipid for rural
males and females, respectively, and 797 ng/g lipid for urban males)
(He et al., 2017; Qin et al., 2011; Wang et al., 2017). Several OCPs have
long half-lives in humans. For example, the half-life is more than eight
years for p,p’-DDE in humans and more than seven years for β-HCH
(Jung et al., 1997; Wolff et al., 2000). Although they have been banned
for several decades in most countries, OCPs remain in the blood cir-
culation of humans and may continue to cause damages to human
health.

3.2. Organochlorine pesticides and diabetes

Logistical regression analysis showed that OCPs in serum were
significantly associated with a high risk of type 2 diabetes in the study
population. Individuals exposed to OCPs had the highest risk of de-
veloping diabetes in the third tertile after adjusting for age, sex and

Fig. 1. The comparison of clinical chemistry parameters in serum samples be-
tween case and control groups (FPG, HDL-C, LDL-C, TG, TC all expressed in
units of mmol/L, HbA1c expressed in unit of %, and TL expressed in unit of g/L.
The means and the standard deviations of these parameters were presented in
Han et al. (Han et al., 2020)).

Table 1
OCP concentrations in serum of the study participants (pg/mL) a.

Control (n = 158) Case (n = 158) Case-to-
control ratios

p-valueb

β-HCH 695 ± 3.49 1351 ± 2.79 1.94 0.000
trans-chlordane 1.76 ± 3.58 5.30 ± 5.47 3.01 0.000
trans-nonachlor 4.32 ± 5.08 16.2 ± 3.22 3.75 0.000
p,p'-DDE 2300 ± 3.62 4184 ± 2.90 1.82 0.000
p,p'-DDT 43.9 ± 2.92 97.3 ± 2.10 2.22 0.000
mirex/kepone 14.7 ± 2.39 23.2 ± 2.23 1.58 0.000
∑6OCPs 3360 ± 2.81 6207 ± 2.25 1.85 0.000

a Geometric mean ± Geometric Standard Deviation.
b p values are based on Mann-Whitney U test.
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BMI, with a p-value for the linear trend less than 0.01, suggesting that
associations between OCPs and diabetes are consistent with the linear
dose-response. The ORs of ∑6OCPs were 2.35 (95% CI: 1.17–4.72) for
the second tertile compared with the reference tertile, and 5.19 (95%
CI: 2.43–11.06) for the third tertile. Among the six OCPs, p,p’-DDT
showed the strongest association with diabetes, with the OR of 11.11
(95% CI: 4.84–25.49) for the third tertile. The models using wet-weight
OCPs and lipid-standardized OCPs were consistent in the associations
between OCPs and diabetes. The analysis using wet-weight based
concentrations adjusted for triglycerides and total cholesterol produced
similar results (Table 2).

To our knowledge, this is the first study to investigate the associa-
tions between OCP exposure and type 2 diabetes in a Chinese popula-
tion. Results in the present study are consistent with most previous
studies in other countries. A study from Korea suggested that Asians
might be more susceptible to the adverse effects of OCPs than other
races, with stronger association between diabetes and low-level OCPs
exposure (Son et al., 2010). For example, the ORs of p,p’-DDE in the
highest quartile or tertile was 12.7 (95% CI: 1.9–83.7) in Korean re-
sidents (Son et al., 2010), which are higher than the reported ORs of 7.1
(95% CI: 1.6–31.9) in a cohort of Great Lakes Sport Fish consumers in
the U.S. (Turyk et al., 2009a), 5.5 (95% CI: 1.2–25) in Swedish women
(Rignell-Hydbom et al., 2009), and 4.4 (95% CI: 1.0–21.0) in adults
from southern Spain (Arrebola et al., 2013). Strong associations be-
tween OCPs and diabetes were also observed in our study. However, the
hospital-based design of this study cannot reflect the levels of OCPs in
Chinese general population.

Although all six OCPs showed positive associations with the risk of
diabetes, the pathological mechanisms of diabetes were not consistent
among the OCPs due to their different molecular and cellular targets
(Evangelou et al., 2016). Potential mechanisms underlying the re-
lationships between type 2 diabetes and POP exposure include altera-
tions in lipid metabolism, glucose transport, insulin signaling and

endocrine function (Wang et al., 2010). OCPs, as endocrine disrupting
chemicals, can bind to nuclear receptors and inhibit insulin secretion
and sensitivity (Casals-Casas and Desvergne, 2011; Park et al., 2019). It
is well known that p,p’-DDE is antiandrogenic and can bind to the an-
drogen receptor, and that DDT has estrogenic properties; both estrogen
and androgen receptors are involved in the mediation of insulin sen-
sitivity (Lind and Lind, 2018; Mauvais-Jarvis, 2011; Wang et al., 2010).
In vitro, DDT and DDE have been reported to change the expression of
several proteins in the NES2Y human pancreatic beta-cells line, a cell
line with constitutive release of insulin (Pavlikova et al., 2015). How-
ever, the pathogenesis of diabetes under OCP exposure remains largely
unknown, even though a large number of epidemiological studies have
found positive associations between the risk of diabetes and OCP ex-
posure (Rignell-Hydbom et al., 2009; Singh and Chan, 2017; Son et al.,
2010; Turyk et al., 2009a).

3.3. Organochlorine pesticides and glycemic markers

The β coefficients to assess the associations between OCPs and
glycemic markers (FPG and HbA1c) in control participants without
diabetes calculated by multiple linear regression are shown in Table 3.
Serum concentrations of β-HCH and p,p’-DDE were associated with
higher levels of FPG in participants without diabetes, and other OCPs
showed no significant associations with FPG. Results were largely
consistent from the regressions with OCP concentrations expressed as
log-transformed continuous variables and as categorized variables.
Using β-HCH as an example, a 10-fold increase in β-HCH was associated
with an increase in FPG of 1.10 mmol/L (β = 0.04, 95% CI: 0.01–0.06)
adjusted for age, sex, and BMI. When the exposure was expressed as a
categorized variable, β-HCH showed a significant association only at
the highest levels, with the β coefficients for tertile 3 of 0.03 (95% CI:
0.003–0.06) compared with tertile 1. These findings indicate that cer-
tain OCP exposure can disrupt glucose homeostasis, which could

Table 2
Odds ratios (95% CI) for the associations between serum concentrations of OCPs and type 2 diabetes.

OCPs ncase/control tertiles wet-weight (pg/ml) lipid-standardized (ng/g lipid)a

model 1a model 2b

β-HCH 27/52 T1 reference reference reference
30/54 T2 1.23 (0.61, 2.48) 1.38 (0.67, 2.84) 1.46 (0.73, 2.93)
101/52 T3 6.76 (3.12, 14.62) 8.10 (3.59, 18.27) 6.78 (3.08, 14.89)

p for trend < 0.01 < 0.01 <0.01
trans-chlordane 37/52 T1 reference reference reference

23/54 T2 0.54 (0.27, 1.07) 0.58 (0.29, 1.15) 0.53 (0.26, 1.08)
98/52 T3 2.63 (1.46, 4.74) 2.67 (1.47, 4.83) 3.14 (1.73, 5.70)

p for trend < 0.01 < 0.01 <0.01
trans-nonachlor 14/52 T1 reference reference reference

21/54 T2 1.30 (0.59, 2.90) 1.32 (0.59, 2.97) 1.12 (0.51, 2.47)
123/52 T3 7.13 (3.53, 14.42) 7.94 (3.83, 16.45) 6.29 (3.20, 12.36)

p for trend < 0.01 < 0.01 <0.01
p,p'-DDE 19/52 T1 reference reference reference

48/54 T2 1.92 (0.97, 3.84) 1.88 (0.94, 3.77) 2.03 (1.02, 4.02)
91/52 T3 4.04 (1.95, 8.35) 4.40 (2.06, 9.40) 4.38 (2.13, 9.01)

p for trend < 0.01 < 0.01 <0.01
p,p'-DDT 9/52 T1 reference reference reference

34/54 T2 3.20 (1.36, 7.54) 3.53 (1.48, 8.44) 3.36 (1.38, 8.17)
115/52 T3 11.11 (4.84, 25.49) 13.87 (5.81, 33.11) 12.30 (5.28, 28.65)

p for trend < 0.01 < 0.01 <0.01
mirex/kepone 19/53 T1 reference reference reference

50/53 T2 1.92 (0.96, 3.82) 2.19 (1.09, 4.42) 1.49 (0.75, 2.97)
89/52 T3 3.91 (1.98, 7.70) 4.96 (2.41, 10.23) 3.84 (1.99, 7.42)

p for trend < 0.01 < 0.01 <0.01
∑6OCPs 19/52 T1 reference reference reference

46/54 T2 2.35 (1.17, 4.72) 2.45 (1.21, 4.97) 2.58 (1.25, 5.31)
93/52 T3 5.19 (2.43, 11.06) 5.87 (2.66, 12.96) 7.61 (3.44, 16.84)

p for trend < 0.01 < 0.01 <0.01

a Adjusted for age, sex and BMI.
b Adjusted for age, sex, BMI, total cholesterol and triglycerides.
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contribute to the development of type 2 diabetes in the future. The
effect of OCPs on glycemic control is consistent with the positive as-
sociations between OCP exposure and diabetes observed in our study.
In addition, in vitro experiments also proved the robust inhibitory effect
on insulin action by OCPs, with the uptake of insulin-stimulated glucose
reduced dramatically in adipocytes treated with OCPs (Ruzzin et al.,
2010).

HbA1c, as another marker of glycemic control, can reflect blood
glucose levels over a long period of time. However, no significant as-
sociation was found between OCPs and HbA1c in the present study,
which was consistent with some but not all previous studies (Arrebola
et al., 2015; Dirinck et al., 2014; Turyk et al., 2015; Zong et al., 2018).

3.4. Organochlorine pesticides and lipid fractions

Table 4 shows the β coefficients and 95% CIs from the multiple
linear regressions for the associations of OCPs with lipid fractions in
control participants without diabetes. When OCPs were expressed as
tertiles, high levels of β-HCH, trans-nonachlor, p,p’-DDE, p,p’-DDT and
mirex/kepone showed significant positive associations with triglycer-
ides, whereas some associations for lower levels of OCPs failed to reach
statistical significance. For instance, participants in the highest tertile of
p,p’-DDE had increased triglyceride levels of 1.32 mmol/L (β = 0.12,
95% CI: 0.03–0.21) compared with the lowest tertile. β-HCH, p,p’-DDT,
and mirex/kepone were found to be positively associated with high
levels of total cholesterol, with the β coefficients of 0.04, 0.06 and 0.08,
respectively, in the third tertile. Associations between tertiles of OCPs
and lipid fractions were largely consistent with models when OCPs were
expressed as continuous variables. In addition, we observed negative
associations between trans-chlordane and trans-nonachlor with HDL-C
and positive associations between p,p’-DDT and mirex/kepone with
LDL-C.

Findings of this study suggest that OCPs may disrupt lipid meta-
bolism and contribute to the development of dyslipidemia, which is
consistent with previous studies. Aminov et al. found that OCPs were
significantly associated with elevated levels of triglycerides and total
cholesterol in residents of Anniston, Alabama, USA, while only HCB
showed a positive association with LDL-C (Aminov et al., 2013). In an

adult cohort from southern Spain, HCB in adipose tissue showed a
significant quadratic association with total cholesterol in serum
(Arrebola et al., 2014). A prospective study observed that the levels of
certain OCPs such as p,p’-DDE, oxychlordane, trans-nonachlor, and HCB
in serum predicted higher concentrations of triglycerides and lower
HDL-C at year 20 in a general population without diabetes, indicating
that these OCPs predict dyslipidemia and other precursors of type 2
diabetes (Lee et al., 2011).

Abnormal levels of lipids, especially elevated levels of cholesterol,
were reported to have a direct effect on pancreatic β-cell dysfunction,
while β-cell dysfunction plays a crucial role in the pathogenesis of type
2 diabetes (Brunham et al., 2008; Hao et al., 2007; von Eckardstein and
Sibler, 2011). In this study, we found positive associations between
OCPs and cholesterol, which suggest that OCP exposure may contribute
to the development of type 2 diabetes indirectly through disrupting the
lipid metabolism.

Considering the potential mediating effect of lipid fractions in the
relationship between OCP exposure and type 2 diabetes, wet-weight
concentrations of OCPs in the logistic regression may be more suitable
for assessing the relationship between OCPs and type 2 diabetes than
lipid-standardized concentrations or wet-weight concentrations ad-
justed for triglycerides and total cholesterol, although results were
largely consistent with the uses of different expressions of OCP con-
centrations in this study.

3.5. Strengths and limitations

A major strength of the study was the use of some important clinical
chemistry parameters such as FPG, HbA1c, total cholesterol, triglycer-
ides, HDL-C, and LDL-C. We found selected OCPs were significantly
associated with plasma glucose and lipids, suggesting that OCPs may
contribute to the development of type 2 diabetes through different
pathways. There are several limitations to the present study. First, this
was a hospital-based study with all participants recruited from one
hospital in Shandong Province. There might be a sampling bias, which
could reduce the generalizability of the findings to the general popu-
lation in the area. Second, the case-control design of this study cannot
rule out the possibility of reverse causality. However, prospective

Table 3
β Coefficients (95% CI) from multiple linear regression for associations of OCPs with FPG and HbA1c.

OCPs log FPG log HbA1c

model 1 a model 2 b model 1 a model 2 b

β-HCH log-transformed 0.04 (0.01, 0.06)** 0.03 (0.01, 0.06)** 0.01 (−0.01, 0.03) 0.01 (−0.01, 0.02)
β for tertile 2 0.03 (0.005, 0.05)* 0.03 (0.001, 0.05)* −0.001 (−0.02, 0.02) −0.001 (−0.02, 0.02)
β for tertile 3 0.03 (0.003, 0.06)* 0.03 (−0.001, 0.06) 0.01 (−0.01, 0.03) 0.01 (−0.01, 0.03)

trans-chlordane log-transformed −0.01 (−0.03, 0.01) −0.01 (−0.03, 0.01) −0.004 (−0.02, 0.01) −0.003 (−0.02, 0.01)
β for tertile 2 −0.01 (−0.04, 0.01) −0.01 (−0.04, 0.01) −0.003 (−0.02, 0.01) −0.0002 (−0.02, 0.02)
β for tertile 3 −0.02 (−0.04, 0.01) −0.02 (−0.04, 0.01) −0.01 (−0.03, 0.004) −0.01 (−0.03, 0.01)

trans-nonachlor log-transformed −0.01 (−0.02, 0.004) −0.01 (−0.03, 0.0003) 0.001 (−0.01, 0.01) 0.001 (−0.01, 0.01)
β for tertile 2 −0.03 (−0.05, −0.004)* −0.03 (−0.05, −0.01)* −0.01 (−0.02, 0.01) −0.01 (−0.02, 0.01)
β for tertile 3 −0.01 (−0.03, 0.02) −0.01 (−0.04, 0.01) 0.002 (−0.02, 0.02) −0.001 (−0.02, 0.02)

p,p’-DDE log-transformed 0.02 (0.01, 0.04)* 0.02 (0.003, 0.04)* 0.003 (−0.01, 0.02) 0.001 (−0.01, 0.02)
β for tertile 2 0.02 (−0.004, 0.04) 0.02 (0.005, 0.04) −0.002 (−0.02, 0.02) −0.002 (−0.02, 0.01)
β for tertile 3 0.03 (0.005, 0.06)* 0.03 (−0.001, 0.05) −0.002 (−0.02, 0.02) −0.01 (−0.03, 0.01)

p,p’-DDT log-transformed 0.02 (−0.01, 0.04) 0.01 (−0.01, 0.04) 0.01 (−0.01, 0.02) 0.01 (−0.01, 0.02)
β for tertile 2 0.02 (−0.01, 0.04) 0.01 (−0.01, 0.04) 0.0003 (−0.02, 0.02) −0.002 (−0.02, 0.02)
β for tertile 3 0.01 (−0.02, 0.04) 0.002 (−0.03, 0.03) 0.001 (−0.02, 0.02) −0.004 (−0.02, 0.02)

mirex/kepone log-transformed 0.02 (−0.002, 0.05) 0.02 (−0.01, 0.05) 0.01 (−0.01, 0.03) 0.01 (−0.02, 0.03)
β for tertile 2 0.01 (−0.01, 0.03) 0.01 (−0.02, 0.03) 0.003 (−0.01, 0.02) 0.001 (−0.02, 0.02)
β for tertile 3 0.02 (−0.01, 0.05) 0.01 (−0.01, 0.04) 0.003 (−0.02, 0.02) −0.01 (−0.03, 0.02)

∑6OCPs log-transformed 0.04 (0.02, 0.06)** 0.04 (0.01, 0.06)** 0.01 (−0.01, 0.02) 0.002 (−0.02, 0.02)
β for tertile 2 0.02 (0.001, 0.05)* 0.02 (−0.0003, 0.05) 0.01 (−0.01, 0.02) 0.005 (−0.01, 0.02)
β for tertile 3 0.03 (0.01, 0.06)* 0.03 (0.001, 0.06)* 0.01 (−0.01, 0.03) 0.004 (−0.02, 0.02)

*p < 0.05, **p < 0.01.
a Adjusted for age, sex and BMI.
b Adjusted for age, sex, BMI, total cholesterol and triglycerides.
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studies have reported significant associations between OCP exposure
and elevated risk of type 2 diabetes, suggesting that OCPs as a diabe-
togenic factor is not due to the reverse causality (Turyk et al., 2009a;
Wu et al., 2013). In addition, the adverse effect of OCP exposure on
glucose and lipid homeostasis in nondiabetic people may also reduce
the potential of reverse causation, since the abnormal levels of glucose
and lipid can contribute to the development of diabetes. Third, in-
formation was not available for fasting plasma insulin, smoking beha-
vior, and alcohol use for the participants of this study. As we know, data
for fasting plasma insulin could be used to assess the effect of OCP
exposure on diabetes through the relationships between OCPs and in-
sulin resistance (Lee et al., 2011). Lifestyle factors such as smoking
behavior and alcohol use were found to be associated with the risk of
diabetes in previous studies, although the role of these factors as con-
founders in associations between OCPs and diabetes risk is not clear
(Akter et al., 2017; Hu et al., 2018; Will et al., 2001). Fourth, human
populations are exposed to mixtures of persistent organic pollutants,
which are often strongly correlated. Future studies will need to explore
the impact of chemical mixtures on diabetes risk using appropriate
methods (Gibson et al., 2019).

4. Conclusion

In conclusion, results of this case-control study suggest that OCP
exposure is significantly associated with elevated risk of type 2 diabetes
in the population of this study. In addition, OCP exposure may disrupt
glucose homeostasis and lipid metabolism in participants without dia-
betes, and this may contribute to the development of type 2 diabetes.
Future research is necessary to confirm the effects of OCPs on the pa-
thogenesis of type 2 diabetes.
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