
Mengozzi et al. 
Diabetology & Metabolic Syndrome          (2022) 14:100  
https://doi.org/10.1186/s13098-022-00875-0

RESEARCH

High exposure to phthalates is associated 
with HbA1c worsening in type 2 diabetes 
subjects with and without edentulism: 
a prospective pilot study
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Abstract 

Background:  Phthalates exposure and complete edentulism are related to both low socioeconomic status. No study 
by far has verified if and to what extent these two conditions are related. We aimed to explore their potential associa-
tion and interplay in the metabolic control and cardiovascular risk profile.

Methods:  In our small (n = 48) prospective pilot study twenty-four patients with type 2 diabetes (DnE) and twenty-
four patients with type 2 diabetes and edentulism (DE) followed for 19 ± 2 months were treated according to best 
clinical standards. Phthalates’ exposure was evaluated by urinary concentration of di-2-ethylhexylphthalate (DEHP), 
metabolites, i.e. mono 2-ethylhexyl phthalate (MEHP), mono-2-ethyl-5-oxohexyl phthalate (MEOHP) and mono 
2-ethyl-5-hydroxyhexyl phthalate (MEHHP).

Results:  No association between phthalates and edentulism was found, nor did edentulism affect glucose control. 
Higher phthalates exposure was associated with a glycated haemoglobin worsening. This association was found for 
all the measured phthalates metabolites, both as a whole (DEHP; r = 0.33, p = 0.0209) and individually: MEHP (r = 0.41, 
p = 0.0033), MEHHP (r = 0.32, p = 0.028), MEOHP (r = 0.28, p = 0.0386).

Conclusions:  Phthalates are not associated with edentulism but predict the worsening of glucose control in sub-
jects with type 2 diabetes. These findings might prove relevant in identifying novel biomarkers of cardiometabolic 
risk. Further studies are needed to validate our results and estimate the true potential of phthalates in terms of risk 
assessment.
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Background
Phthalates are environmental and dietary contaminants 
with a wide array of use. In the plastic industry, their pri-
mary use is to give flexibility to polyvinyl chloride (PVC) 
polymers [1]. Given that they are quickly released from 
materials, people are intensively exposed to these com-
pounds through diet, inhalation, and dermal absorption 
[2, 3]. The daily contact with phthalate-containing items 
is, thus, widespread among the general population. As 
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recent national and international health biomonitor-
ing studies show [4–6], exposure to phthalates is highly 
variable also within the national borders [7]. It is associ-
ated with a worse sociodemographic condition, like the 
rural environment or the lower level of education [8]. 
The issue of such associations lies in their implicit conse-
quences on cardiometabolic health. Indeed, due to their 
ability to interfere with hormone signaling, phthalates 
act as endocrine disruptors. Several large epidemiologi-
cal observations have shown their detrimental effect on 
cardiometabolic health. Obesity, insulin resistance, type 
2 diabetes (T2D), albuminuria and atherosclerosis, all 
conditions at high cardiovascular (CV) risk, have all been 
found to be associated with phthalates [9, 10].

Cardiovascular risk prevention policies should better 
consider the substantial contribution of socioeconomic 
disparities to CV disease prevalence. Health resources 
should be adequately distributed to fill the higher-income 
population gap by targeting modifiable CV risk fac-
tors like environmental exposure to phthalates. Indeed, 
their potential and harmful interaction with other deter-
minants of cardiometabolic disease already present in 
the low demographic status’ population might further 
increase the CV disease-related burden that healthcare 
systems face in the twenty-first century [11]. Edentulism 
(i.e. the partial or complete loss of all the natural teeth) is, 
for instance, another major determinant of cardiovascu-
lar risk [12] and is involved in several impaired metabo-
lism conditions, like T2D [13, 14] and chronic kidney 
disease [15]. Edentulism and tooth loss are also related to 
lower education [16], rural areas [17] and low socioeco-
nomic position [18]. While some studies have reported 
the association of phthalates’ levels with bad oral health 
[19], no studies have, so far, explored the potential asso-
ciation between phthalates and edentulism, nor their rel-
ative contribution to CV risk and other cardiometabolic 
health’s determinants, as body mass index (BMI) and 
glucose control. Several observations have described the 
presence of phthalates in some orally administered drugs 
[20, 21], further exposing the oral cavity to their poten-
tially harmful effect. Phthalates have been found in per-
sonal oral care products [22] and in drug delivery systems 
for periodontitis treatment [23]. Thus, it is relevant to 
investigate if these compounds might promote inappro-
priate oral health control.

We aimed to explore the potential association between 
DEHP exposure and edentulism in humans and their 
interplay in metabolic control and cardiovascular risk. To 
this scope, we designed a prospective pilot and hypothe-
sis-generating study to investigate if exposure to phtha-
lates and edentulism in a small cohort of T2D patients 
were related to worse glycemic control and whether this 
could affect cardiovascular health risk.

Methods
Subjects
Among the patients consecutively referring to our Dia-
betes Outpatient’s clinic (S. Chiara Hospital, University 
of Pisa, Pisa, Italy), we recruited twenty-five T2D sub-
jects (DnE group) and twenty-five subjects with T2D 
and complete edentulism (DE group). Complete eden-
tulism was defined as the physical state of the jaw(s) fol-
lowing removal of all erupted teeth and the condition 
of the supporting structures available for reconstructive 
or replacement therapies [24]. Inclusion criteria were: 
T2D diagnosis (according to American Diabetes Asso-
ciation criteria [25]), diabetes duration ≥ 12  months, 
eGFR > 30  mL/min/1.73  m2; age 50–80  years. Exclusion 
criteria were: individuals on diuretics (to avoid phtha-
lates’ exposure confounders, as previously described 
[26], severe obesity (BMI > 40  kg/m2), occurring acute 
complications/comorbidities and presence of severe car-
diovascular, pulmonary, hematologic or hepatic disease. 
People taking medications other than anti-hypertensive, 
anti-diabetic and lipid-lowering drugs were also excluded 
from the study. The study protocol was approved by the 
Tuscany Ethics Committee for Clinical Research, and 
participants provided written informed consent.

Study protocol
Enrolled participants who agreed to participate under-
went a baseline clinical visit between October 2019 
and January 2020 at our Diabetes clinic, as per routine 
good standard care, followed by an outpatient visit each 
6-month. In particular, the glucose control target was 
HbA1c of 48–52 mmol/mol (based on the whole clinical 
phenotype). The total duration of the study was Octo-
ber 2019-September 2021. During each clinical visit, the 
characteristics of the study population were obtained: 
age, sex, height, weight, BMI, smoking status (classified 
non- or past smoker vs current smoker), T2D durations, 
current therapies and blood pressure. The presence of 
CV disease (non-fatal acute myocardial infarction, non-
fatal stroke, unstable angina and revascularization) was 
adjudicated by clinical records. Each participant was 
investigated for a familiar history of CV disease, T2D, 
periodontal disease, and dyslipidaemia during each visit. 
The day after the visit, routine blood laboratory tests 
were centrally performed after 12-h of fasting. eGFR was 
calculated using the CKD-EPI formula, LDL cholesterol 
was estimated by the Friedewald formula. The day after 
the baseline visit, patients also provided a single spot fast-
ing urine sample collected between 08.00 and 10.00 a.m. 
in phthalate-free containers to determine the phthalates 
urinary metabolites. After collection, they were trans-
ported to the laboratory on ice and then stored at − 80 °C 
before being analyzed. Patients were treated according to 
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good clinical practice recommended by the international 
guidelines. Moreover, they were instructed by the phy-
sician performing the visit to avoid further exposure to 
phthalates: written memoranda were provided to instruct 
the participant on common sources of phthalates’ expo-
sure (e.g. packaged food, plastic cutlery, microwave oven 
cooked meals, long conservation products, pesticides-
treated products).

Phthalates’ exposure assessment
In the spot urine samples, the three major urinary 
metabolites of di-2-ethylhexylphthalate (DEHP), i.e. 
mono 2-ethylhexyl phthalate (MEHP), mono-2-ethyl-
5-oxohexyl phthalate (MEOHP) and mono 2-ethyl-
5-hydroxyhexyl phthalate (MEHHP), were analyzed by 
a method developed for U-HPLC/LCMS Quadrupole 
Time-of-Flight (QTOF) during the activities of the LIFE-
PERSUADED project for the “human biomonitoring of 
phthalate and Bisphenol A” (3, 20), and validated during 
proficiency test (ICI/EQUAS) of the European Human 
Biomonitoring Initiative-HBM4EU project (https://​www.​
hbm4eu.​eu). We decided to selectively observe DEHP 
metabolites based on previous works reporting their rela-
tionship with metabolic diseases [7, 10]. Urinary samples 
(500  µl) were first deconjugated (using Abalonase puri-
fied β-Glucuronidase, UCT, Bristol, PA) for one hour at 
60  °C, then purified by solid-phase extraction (SPE car-
tridge C18 ODS 3 Agilent Santa Clara, CA, USA) and 
injected for detection and quantification in the U-HPLC/
LCMS system coupled with electrospray ionization (Agi-
lent 1290 infinity and Agilent 6545 Santa Clara CA, USA) 
equipped with Agilent ZORBAX SB-Phenyl column 
(2·1 × 100  mm, 1·8-Micron). DEHP metabolites were 
quantified using labelled internal standards MEHP 13C4, 
MEOHP 13C4 MEHHP 13C4 (purchased from Cambridge 
Isotope Laboratories, Tewksbury, MA, USA) added to 
the samples before purification by C18 SPE. The sum 
of DEHP urinary toxic metabolites (ΣDEHP) was then 
calculated as the sum of its urinary metabolites. Limit 
of Detection and Quantification (LOD and LOQ) were 
determined according to analytical detection limit guid-
ance by IUPAC and were: for MEHP 0.28 and 0.58 ng/ml, 
for MEOHP 0.18 and 0.48 ng/ml, for MEHHP 0.11 and 
0.24 ng/ml, respectively, as previously reported [10].

The formation of the three DEHP metabolites ana-
lyzed in this study occurs in a stepwise metabolic path-
way [27]. DEHP is first converted to MEHP (1st step), 
and then MEHP hydroxylation to MEHHP (2nd step) fol-
lowed by MEHHP oxidation to MEOHP (3rd step). Thus, 
we also investigated the relative metabolic rate (RMR) 
of the formation of DEHP metabolites. The first rela-
tive metabolic rate (RMR1) represents the rate of MEHP 
hydroxylation to MEHHP. The second relative metabolic 

rate (RMR2) represents the rate of MEHHP oxidation to 
MEOHP. RMRs were calculated as previously described 
[28]. Briefly, each DEHP metabolite concentration was 
converted in molar concentration, and the conversion 
rate was estimated according to the following formu-
las: RMR1 = [MEHHP]/[MEHP]; RMR2 = ([MEOHP]/
[MEHHP]).

Statistical analysis
Statistical analysis was performed using JMP®Pro 11.2 
software (SAS Institute Inc., Cary, NC). Data are reported 
as mean ± standard deviation or median [1st quartile; 
3rd quartile]. All continuous variables were tested for 
normality via Kolmogorov-Smirnoff-Tests and normal-
ized via logarithmic transformation before appropriate 
analysis. Statistical comparisons for continuous variables 
were made using Student`s t-tests for continuous vari-
ables normally distributed, Mann–Whitney–Wilcoxon 
tests for continuous variables non-normally distributed 
and Chi-square tests for categorical variables. Differences 
between means were tested through one-way ANOVA 
and repeated measures ANOVA when groups were 
independent or dependent, respectively. Correlations 
between variables were tested using Pearson or Spear-
man rank correlations as appropriate. A sample size of 50 
subjects was calculated to provide at least 83% power and 
an α level of 0.05 to detect a significant difference in the 
urinary level of DEHP metabolites. Phthalates potentially 
harmful levels were defined based on previous studies 
[10, 19, 26].

Results
Baseline population characterization
Two patients (one for each group) were lost at follow-up 
for personal reasons. A total of forty-eight subjects com-
pleted the protocol (Fig.  1). No death occurred during 
the follow-up period. No participant was put on steroi-
dal or non-steroidal anti-inflammatory drugs for more 
than three days/month. The study population’s charac-
teristics are shown in Table  1. No statistical differences 
were found between the two groups. The population 
was composed of old adults (mean age was 67  years vs 
68  years for DnE and DE, respectively), about ¾ males, 
overweight/obese subjects (30 ± 6 kg/m2 vs 29 ± 4 kg/m2 
for DnE and DE group, respectively) with a sub-optimal 
blood pressure control. LDL-cholesterol was slightly 
above target, and renal function was preserved. In terms 
of glucose control, fasting glucose and glycated haemo-
globin were mildly elevated (7.6  mmol/L and 52  mmol/
mol vs 7.8 mmol/L and 51 mmol/mol, respectively) with 
a disease duration inferior to ten years. The two groups 
did not differ for administered drugs. 17% suffered from a 
previous CV event.

https://www.hbm4eu.eu
https://www.hbm4eu.eu
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Phthalates urinary levels were also very similar between 
the groups. In detail, the DEHP metabolites (both taken 
individually and as a whole) were slightly higher in the 
DE group, but these differences did not reach statistical 
significance. Also, urinary levels of phthalates metab-
olites or RMRs do not correlate with any measured 
anthropometric and biochemical parameters, neither in 
the general population nor in the two subgroups.

Follow‑up
The mean follow-up duration was 19 ± 2  months. As 
expected by optimized standard routinary care, glucose 
control was stable/slightly improved over the follow-up. 
No changes in BMI, systolic and diastolic blood pres-
sure and lipid serum profile were detected. This was 
also confirmed after stratification for edentulism sta-
tus (Table 2). No sex-specific difference was observed. 
To explore the potential of phthalate’s exposure as a 
biomarker of metabolic derangement, we assessed the 
correlation between baseline phthalates’ exposure and 
all the observed parameters. Baseline phthalates expo-
sure did not correlate with changes in BMI, systolic or 
diastolic blood pressure, fasting plasma glucose, eGFR, 
total cholesterol, LDL cholesterol, HDL cholesterol 

and triglycerides, RMR1 and RMR2. However, a posi-
tive and consistent correlation was observed between 
baseline levels of all the phthalates metabolites and 
HbA1c variations (Fig. 2). In particular, the MEHP one 
was stronger (r = 0.41, p = 0.0033) followed by ΣDEHP 
(r = 0.33, p = 0.0209) and MEHHP (r = 0.32, p = 0.028), 
while MEOHP showed a weaker association (r = 0.28, 
p = 0.0386). Notably, all these correlations were con-
firmed even after adjusting for age, sex, BMI, edentu-
lism status and administered drugs.

Discussion
Main findings
In our small single-centre pilot study performed in 
subjects with type 2 diabetes, we explored for the first 
time the relationship between phthalates and edentu-
lism, showing that the two parameters were not asso-
ciated. We also investigated, for the first time in adult 
humans in a longitudinal setting, the harmful potential 
of phthalates in terms of biomarkers of cardiometabolic 
derangement. We report that higher phthalates’ expo-
sure was associated with HbA1c worsening over time, 
and this association was confirmed for DEHP and its 
metabolites, both taken individually and as a whole.

Fig. 1  CONSORT flow diagram of the study
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Phthalates and edentulism
We explored for the first time the relationship between 
phthalates and edentulism in humans, reporting the lack 
of an association. Dentistry diseases are recently raising 
interest from cardiologists and metabolic physicians due 
to the now recognized evidence of a relationship with 

cardiometabolic risk [29, 30]. Phthalates are also affirm-
ing as novel potential biomarkers for cardiometabolic 
health [10, 31]. Indeed, minimal quantities are sufficient 
to disrupt metabolic and endocrine pathways [32, 33]; 
therefore, it is essential to investigate an eventual involve-
ment in oral medicine disease and a potential synergic 
detrimental effect on CV risk and metabolic derange-
ment. However, to date, only one large epidemiologic 
study verified an association between mono-n-methyl 
phthalate and periodontal disease, but only in current 
smokers [34]. The relevance of investigating this associa-
tion also lies in the fact that some actual and proposed 
devices for treating periodontal disease contain phtha-
lates [35, 36]. In the present study, higher exposure to 
phthalates was not associated with edentulism. It must be 
pointed out that this is a cross-sectional observation lim-
ited to a population of type 2 diabetes individuals.

Phthalates and glucose control
In our study, we report for the first time the association 
of baseline phthalate exposure with an increase in HbA1c 
over a mid-term follow-up in adult subjects with type 2 
diabetes. It should be reported that only a few longitudi-
nal studies are available in the current literature, display-
ing unclear or conflicting results. However, they focus on 
infancy [37], childhood [38], or are limited to the preg-
nancy period [39]. These results’ novelty also leads to its 
implicit therapeutic and prognostic implications. HbA1c 
was associated with phthalates in a cross-sectional 

Table 1  Baseline clinical and biochemical characterization of the 
study population

RMR1 represents the rate of MEHP hydroxylation to MEHHP. RMR2 represents the 
rate of MEHHP oxidation to MEOHP

DnE DE p

Age
(years)

67 ± 6 68 ± 7 ns

Male
(%)

75 71 ns

BMI
(Kg/m2)

30 ± 6 29 ± 4 ns

Alcohol intake low/medium/high
(%)

50/38/12 54/38/8 ns

T2D duration
(years)

7 [4; 10.5] 7.5 [4; 12] ns

Oral antidiabetic drugs
(%)

96 100 ns

Insulin
(%)

17 25 ns

Systolic blood pressure
(mmHg)

140 [131; 153] 145 [136; 159] ns

Diastolic blood pressure
(mmHg)

83 [73; 90] 82 [73; 90] ns

Fasting glucose
(mmol/L)

7.6 [6.0; 9.1] 7.8 [6.1; 10.7] ns

HbA1c
(mmol/mol)

52 [45; 56] 51 [44; 61] ns

eGFR
(ml/min/1·73m2)

85 [77; 92] 87 [73; 98] ns

CV events
(%)

17 17 ns

Total cholesterol
(mmol/L)

4.3 [3.9; 5.2] 4.3 [3.7; 5.1] ns

HDL cholesterol
(mmol/L)

1.1 [1.0; 1.4] 1.1 [1.0; 1.3] ns

LDL cholesterol
(mmol/L)

2.4 [1.8; 2.6] 2.5 [1.7; 3.3] ns

Triglycerides
(mmol/L)

1.7 [1.3; 2.3] 1.5 [1.1; 1.8] ns

ΣDEHP
(μg/g creatinine)

21.0 [13.3; 31.0] 22.6 [14.9; 40.0] ns

MEHP
(μg/g creatinine)

3.6 [2.2; 4.9] 3.5 [2.2; 5.2] ns

MEOHP
(μg/g creatinine)

4.8 [2.7; 6.8] 5.0 [3.5; 8.5] ns

MEHHP
(μg/g creatinine)

13.6 [6.8; 18.5] 13.8 [8.2; 24.6] ns

RMR1 4.8 [2.5; 5.5] 4.4 [2.5; 7.0] ns

RMR2 0.4 [0.3; 0.4] 0.4 [0.3; 0.5] ns

Table 2  Follow-up changes in the clinical and biochemical 
characterization of the study population

DnE DE p

ΔBMI
(Kg/m2)

− 0.6 [− 5.8; 2.8] − 0.2 − .3; 4.1] ns

ΔSystolic Blood Pressure
(mmHg)

− 6 [− 14; 5] − 8 [− 20; 15] ns

ΔDiastolic Blood Pressure
(mmHg)

− 2 [− 15; 11] − 3 [− 16; 5] ns

ΔFasting glucose
(mmol/L)

− 0.1 [− 2.2; 0.9] − 0.7 [− 3.8; 0.6] ns

ΔHbA1c
(mmol/mol)

− 1 [− 8.25; 2.75] − 2 [− 14; 3] ns

ΔeGFR
(ml/min/1·73m2)

0.8 [− 3.0; 4.2] 1.5 [− 2.4; 5.0] ns

ΔTotal cholesterol
(mmol/L)

0 [− 1.1; 1] − 0.5 [− 1.4; 0.9] ns

ΔHDL cholesterol
(mmol/L)

0 [− 0.2; 0.3] 0.2 [− 0.1; 0.4] ns

ΔLDL cholesterol
(mmol/L)

− 0.1 [− 0.5; 0.9] − 0.8 [− 1.4; 0.8] ns

ΔTriglycerides
(mmol/L)

− 0.2 [− 0.8; 0.3] − 0.2 [− 0.6; 0.8] ns
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setting in Chinese subjects with and without diabetes 
[40]. The correlations reported by Duan et al. were, how-
ever, relatively weak. MEHP was associated with fasting 
glucose only in the male sex. A positive association was 
reported only between MEHHP and HbA1c levels, with 
a peculiar relationship of specific phthalates with HbA1c 
in subgroups (MEOHP and ΣDEHP in BMI < 25  kg/m2 
subgroup). In our study, we did not detect an association 
of phthalates with changes in fasting glucose, albeit, as 
expected, we did detect an association between changes 
in fasting glucose and changes in glycated haemoglobin 
(r = 0.5, p = 0.002). Also, even if the adjustment for con-
founders did not change the significance of our results, 
we cannot exclude that we are missing to detect putative 
sex-, age- or BMI-specific associations due to the small 
size of our cohort. However, it is interesting to observe 
that in our study group, in the cross-sectional observa-
tion, phthalates exposure was not related to fasting glu-
cose or HbA1c. At the same time, the association with 
the glycated haemoglobin variation was more robust 
than the one described by Duan and consistent for all 
the phthalates. Although phthalates are non-persistent 

pollutants, they are indeed recognized as endocrine dis-
ruptors, possibly associated with the development of car-
diometabolic disease, as we also recently reported [10, 
26]. We thus infer that phthalates might be biomarkers 
with a more robust predictive, rather than descriptive, 
power. It should also be discussed that MEHP shows 
the strongest association, consistent with other reports 
[10]. A pathophysiologic explanation might be found in 
the MEHP capacity of stimulating glucose-induced insu-
lin secretion, thus overburdening the β-cell and reduc-
ing its viability [41]. We did not see any correlation with 
the RMRs. However, our population was adult, which 
might support a more significant contribution of RMRs 
in children, in which RMRs are higher and thus prob-
ably more sensible [28, 42]. Also, phthalates are associ-
ated with low-grade inflammation [43], an established 
driver of metabolic derangement [11]. The implication 
of these findings lies in the capacity of the phthalates to 
hinder therapy effects and sustain the residual CV risk, a 
significant issue of the healthcare system nowadays [44]. 
Being phthalates related to poor socio-economic condi-
tions [4–6], these associations might also partially justify 

Fig. 2  Correlation between baseline phthalates exposure and changes in glycated haemoglobin over the follow-up period
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the poorer glucose control found in this population, as 
reported by a recent large meta-analysis [45].

Limitations
Our study comes with several limitations. First, the small 
sample size might have hindered the effect’s appreciation. 
However, it should be commented that, as previously 
stated, our findings are solid and consistent across all the 
phthalates examined. Also, the duration of the follow-up 
might be regarded as relatively short. It should, however, 
be recognized that this is the first study to assess phtha-
late exposure as a predictor of deranged metabolic con-
trol in longitudinal research in adult humans with T2D. 
We have to acknowledge also that, though rather evident, 
the lack of association with edentulism is reported with 
the limits of a cross-sectional observation. No new inci-
dent edentulism was observed, but this is obviously due 
to the duration of the follow-up.

Moreover, we have to discuss that we did not detect 
sex-specific effects; however, when conducting sepa-
rate analyses for men and women, our study was not 
enough powered, so no sex-specific consideration can be 
deducted from our work. We are also aware that some 
oral drugs may contain phthalates and that their level 
might vary a lot between different medications [20, 21]. 
We do not investigate any association with specific medi-
cines due to their extreme variety compared to the small, 
simple size. We also have to report that, at the baseline 
visit, we did not inquire the participants for information 
on source-specific exposure to phthalates (as different 
nutritional habits involving an abundant use of pack-
aged food). However, we strongly instructed them on 
the potentially harmful effect of phthalates and provided 
them with written memoranda showing them what to 
avoid to minimize their exposure to these environmen-
tal pollutants. It should be noted that the investigation of 
a specific exposure source was beyond the study’s scope, 
as we aimed to explore how baseline levels of exposure 
might longitudinally affect the cardiometabolic phe-
notype. Finally, we lack information on albuminuria, a 
parameter that we know to be related to both CV risk 
and phthalates [10].

Conclusions
We can conclude that, among a small cohort of patients 
with type 2 diabetes, phthalates exposure predicts the 
worsening of glucose control. Moreover, we do not 
report any association between phthalates’ exposure and 
edentulism. Our small observation feeds the research 
field of novel biomarkers of cardiometabolic derange-
ment. However, our study must be minded as a pilot and 
hypothesis-generating study. Larger trials with a long 
time of observation and a more detailed biochemical 

characterization are needed to confirm the relevance of 
our findings and assess their potential aid in the precise 
individual risk stratification.
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