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ABSTRACT

Background: SUSPPUP, calculated as serum sodium [Na*] to urinary Na* divided by
(serum potassium [K*]) 2to urinary K*, is a composite electrolyte index that reflects
renal Na* retention and K* excretion. It remains unclear whether SUSPPUP and its
components including serum or urinary Na* or K*, are associated with glucose
metabolism. This study aimed to address their associations.

Methods: We conducted a cross-sectional study enrolling 5,581 Chinese adults (1,269
with prediabetes, 1,044 with diabetes, and 3,268 with normoglycemia). Fasting serum
and morning spot urine were used to measure electrolytes that included Na* and K*.
Results: SUSPPUP was higher in prediabetes and diabetes than normoglycemia. The
odds of prediabetes and diabetes were increased by 21% and 39% for every 1-standard
deviation increment of SUSPPUP after multivariable-adjustment. Multiple linear
regression analysis showed that SUSPPUP correlated positively with fasting plasma
glucose, 2h plasma glucose after OGTT, and glycated hemoglobin Alc. Higher spot
urinary Na* was associated with lower odds of prediabetes and diabetes, while spot
urinary K* showed the opposite.

Conclusion: Increases in Na* retention and K* excretion in the kidney, as reflected by
an elevated SUSPPUP, are associated with increased prevalence of prediabetes and
diabetes in Chinese community-dwellers.
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1. Introduction

The homeostasis of electrolytes, including sodium (Na*) and potassium (K™), is critical
to the maintenance of muscle function and regulation of osmotic pressure and acid base
balance [1, 2]. There is increasing evidence suggesting that variations in the metabolism
of electrolytes are linked to the development of metabolic disorders [3-5]. For example,
low serum K* (even in the normal range) was shown to be related to increased risk of
incident diabetes in young adults [6-9], while high serum Na* was associated with
hypertension and dyslipidemia [10, 11]. In a cross-sectional study that enrolled patients
with diabetes, serum Na* but not K* was found to correlate negatively with glycemic
indices including fasting plasma glucose (FPG), 2-hour plasma glucose (2hPG), and
hemoglobin Alc (HbALc) [12]. In addition, a prospective study conducted in Finland
showed that 24-hour urinary Na* was positively associated with the risk of diabetes, but
24-hour urinary K* was not [13]. While analyses from these studies, which focused on
an individual electrolyte, are robust, their conclusions remain debatable given the
evidence that changes in a certain electrolyte often coincide with changes in another
electrolyte, either in serum or in urine.

SUSPPUP, calculated as serum Na* to urinary Na* divided by (serum K*) 2 to
urinary K*, is a composite electrolyte index that accounts for the mutual influence
arising from the balance of Na* and K*, and is considered a reliable measure to reflect
renal function of Na* retention and K* excretion [14]. In recent years, SUSPPUP has

been increasingly recognized as a convenient and effective screening tool for primary



aldosteronism [14-16], which is associated with increased risk of future diabetes [17,
18]. However, to the best of our knowledge, no studies have evaluated the association of
SUSPPUP with prediabetes or diabetes.

Therefore, the primary aim of this study was to assess the associations of SUSPPUP
with prediabetes and diabetes in Chinese community-dwellers. The secondary aim was
to examine the association of spot urinary electrolytes with prediabetes and diabetes,
since the measurement of 24-hour urinary electrolytes is time-consuming and

inconvenient in clinical practice.

2. Materials and methods

2.1. Participants

This was a cross-sectional and population-based study conducted in 8 provinces
(Guangxi, Fujian, Jilin, Yunnan, Jiangxi, Hebei, Xinjiang and Jiangsu provinces) in
China between April 2020 and January 2021 in community-dwellers (aged >18 years).
The study protocol was approved by the Human Research Ethics Committee of
Zhongda Hospital, Southeast University, Nanjing, China. Written consent was obtained
from each participant prior to enrollment.

Of the 6,310 participants enrolled in our study, 394 were excluded due to missing
information on laboratory parameters (serum Na* or K*, FPG, HbAlc, total cholesterol
[TC], triglyceride [TG], high density lipoprotein [HDL], low-density lipoprotein
[LDL], serum creatinine [Cr], urinary Na* or K*, urinary glucose) or anthropometric

data (systolic blood pressure [SBP], diastolic blood pressure [DBP], height, weight,



waist circumference [WC], hip circumference [HC]), 111 due to concurrent use of
diuretics, and 37 due to heart failure or severe liver disease or renal insufficiency
(estimated glomerular filtration rate (eGFR) < 60 ml/min/1.73m?) . We also excluded
187 participants without information on glucose metabolism, leaving a total of 5,581

participants included in the final analysis (Figure 1).

2.2. Measurements

Information on medical history, medication use, family history of diabetes, physical
activity and smoking status were collected using a pre-designed structured questionnaire
by well-trained interviewers; height, weight, WC, HC, SBP, DBP were measured with
standardized protocols [19]. Venous blood samples were collected after an overnight
fast for at least 8 hours, and were used to measure FPG, HbAlc, TC, TG, HDL, LDL,
Na*, K* and Cr. 2hPG was measured after a 75-g oral glucose load among subjects
without history of diabetes. Morning fasting spot urine was collected for the
measurement of urinary Na*, K*, and glucose, as well as for the assessment of albumin-
to-creatinine ratio (UACR). Measurements below the limits of detection (LOD) were
imputed using the LOD. For serum and urinary Na*, the intra-assay, inter-assay, and
inter-institutional CVs were <1.0%, 1.5% and 2.0%, respectively; and for serum and
urinary K*, the corresponding CV's were <1.5%, 2.0% and 3.0%. eGFR was calculated
based on the Modification of Diet in Renal Disease (MDRD) formula for Chinese

population:175 x (serum Cr) ~ (—1.234) x age” (=0.179) x (0.79 for women)) [20].



SUSPPUP was calculated as serum Na* to urinary Na* divided by (serum K*)?to
urinary K* [15]. Body mass index (BMI) was calculated as weight (kg) divided by the
square of height (m). Insulin resistance were assessed using the parameters such as
triglyceride and glucose index (TyG), Chinese visceral adiposity index (CVAI), and
lipid accumulation product (LAP) [21- 23]:

TyG =Ln[TG (mg/dL) x FPG (mg/dL)/2];

CVAI (males) = —267.93 + 0.68 x age (Y) + 0.03xBMI (kg/m?) + 4.00 x WC (cm)
+22.00 x Lg TG (mmol/L) — 16.32 x HDL (mmol/L);

CVAI (females) = —187.32 + 1.71 x age (Y) + 4.32 xBMI (kg/m?) + 1.12 x WC
(cm) +39.76 x Lg TG (mmol/L) — 11.66 x HDL (mmol/L);

LAP (males) =[WC (cm) — 65] X TG (mmol/L);

LAP (females) = [WC (cm) — 58] x TG (mmol/L).

2.3. Definitions

According to the WHO 1999 diagnostic criteria, diabetes was defined as FPG > 7.0
mmol/L, 2hPG > 11.Immol/L, the use of hypoglycemic drugs, and/or based on self-
reported history. Prediabetes was defined as impaired fasting glucose (6.1mmol/L <
FPG < 7.0mmol/L and 2hPG < 7.8mmol/L) and/or impaired glucose tolerance (FPG <
7.0mmol/L and 7.8mmol/L <2hPG < 11.1mmol/L. Normoglycemia was defined as
FPG < 6.1mmol/L and 2hPG < 7.8mmol/L. Hypertension was defined as SBP >

140mmHg, DBP > 90mmHg, the use of antihypertensive drugs, or based on self-



reported history. In this study, we considered participants with vascular complications if
they had albuminuria (UACR > 30 mg/g) or reported the history of coronary heart
disease or stroke.

2.4. Statistical analysis

Continuous variables were presented as means + standard deviations (SDs) or medians
(25" percentile, 75 percentile), and categorical variables as numbers (percentages).
Differences in parameters across groups were compared using one-way analysis of
variance, non-parametric Kruskal-Wallis test, or Chi-squared test, when appropriate.
Multinomial logistic regression analyses were performed to explore the associations of
SUSPPUP and its components (expressed in quartiles and continuous scales) with the
presence of prediabetes and diabetes with or without adjustment for age, gender, BMI,
ethnicity (Han and others), current smoking, WHR, SBP, DBP, TG, HDL, LDL and
eGFR. Subgroup analyses based on gender (male or female), age (> 65 or < 65 years),
ethnicity (Han or others), hypertension (with or without), weight status (BMI < 24, 24-
27.9, or 28 kg/m?), current smoking (yes or no), regular exercise (yes or no), family
history of diabetes (with or without), and the presence of vascular complications (with
or without) were also conducted. Multiple linear regression analysis was used to assess
the associations of SUSPPUP with glycemic indices (including FPG, 2hPG, HbAlc,
urine glucose), cardiometabolic biomarkers (BMI, WHR, SBP, TC, TG, HDL, LDL)
and insulin resistance-related markers (TyG, CVAI, LAP) with or without adjustment

for the aforementioned covariates. Since antihypertensive and hypoglycemic agents



might affect the urine excretion of Na* and K*, sensitivity analyses upon the exclusion
of participants taking these agents were performed to assess their influence on the study
outcomes. Moreover, we also conducted additional analyses to evaluate whether
SUSPPUP showed any association with the presence of newly- or previously-diagnosed
diabetes. All statistical analyses were conducted using SPSS version 25.0. A two-sided

P value <0.05 was considered statistically significant.

3. Results

3.1. Characteristics of enrolled participants

The characteristics of included 5,581 participants (n = 3,268 with normoglycemia, n =
1,269 with prediabetes, and n = 1,044 with diabetes) are shown in Table 1. Among the
participants with diabetes, 354 were newly diagnosed. About 65.5% of the included
participants were females, and 87% were of Han ethnicity. The mean ages of the
participants with normoglycemia, prediabetes, and diabetes were 53.4, 57.2, and 59.0
years, respectively.

Glycemic indices (including FPG, 2hPG, HbAlc and urinary glucose), insulin
resistance-related markers (including TyG, CVAI and LAP), and cardiometabolic
biomarkers (including BMI, WC, WHR, SBP, DBP, TC, TG, LDL) were all
significantly higher in participants with prediabetes and diabetes than those with
normoglycemia (all P < 0.001). SUSPPUP was higher in participants with prediabetes

or diabetes vs. normoglycemia (both P < 0.001). However, relative to participants with



normoglycemia, spot urinary Na* was lower in participants with diabetes (P < 0.001),
while spot urinary K* was higher in participants with prediabetes and diabetes (both P <
0.01), a lower ratio of urinary Na*and K* was also observed in participants with
prediabetes and diabetes (both P < 0.01). While serum Na* was higher in participants
with prediabetes than those with normoglycemia but not diabetes, serum K* did not
differ between the three groups. Moreover, the proportion of family history of diabetes
was higher in participants with diabetes, while the percentages of vascular
complications and hypertension were higher in both diabetes and prediabetes group

(Table 1).

3.2. SUSPPUP and its components with prediabetes

Table 2 shows the odds ratios (ORs) and 95% confidence intervals (Cls) for prediabetes
in relation to SUSPPUP. Compared with the 1st quartile of SUSPPUP, the OR for
prediabetes was 1.05 (95% CI: 0.87, 1.26) for the 2nd quartile, 1.06 (95% CI: 0.88,
1.28) for the 3rd quartile, and 1.39 (95% CI: 1.16, 1.67) for the 4th quartile in the crude
model, respectively. These associations remained significant after multivariable
adjustment (P for trend < 0.001). The OR for prediabetes per 1 SD increment of
SUSPPUP was 1.21 (95% CI: 1.13, 1.29). Subgroup analyses did not reveal any
significant interaction effects from gender, age, ethnicity, the presence of hypertension,
weight status, current smoking, regular exercise, family history of diabetes, or the

presence of vascular complications (Figure 2A).
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For the components of SUSPPUP, higher serum Na* was significantly associated
with increased odds of prediabetes in the unadjusted model, but this association was no
longer evident after multivariable adjustment. In addition, higher spot urinary Na* and
urinary Na*/K* was associated with lower odds of prediabetes, but spot urinary K*
showed the opposite (Table S1). However, there was no significant association between

serum K and prediabetes.

3.3. SUSPPUP and its components with diabetes
Compared with the 1st quartile of SUSPPUP, the OR for diabetes was 1.21 (95% CI:
0.98, 1.49) for the 2nd quatrtile, 1.35 (95% CI: 1.09,1.66) for the 3rd quartile, and 2.07
(95% CI: 1.69, 2.53) for the 4th quartile, respectively, in the crude model (Table 3).
These associations were not significantly changed after multivariable adjustment.
Moreover, the OR for diabetes in relation to every 1 SD increment of SUSPPUP was
1.39 (95% CI: 1.29, 1.49). Subgroup analyses did not reveal any significant interaction
effects from the variables listed in Figure 2B.

For the components of SUSPPUP, higher serum Na*, spot urinary Na*and urinary
Na*/K*, and lower spot urinary K* were associated with lower odds of prevalent

diabetes (Table S1).

3.4. SUSPPUP with glycemic indices, cardiometabolic biomarkers, and insulin

resistance-related markers
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As shown in Table 3, SUSPPUP was positively associated with FPG (P < 0.001), 2hPG
(P <0.001), and HbA1c (P = 0.003) after multivariable adjustment, but not with urinary
glucose. A negative correlation between SUSPPUP and BMI was found; however, the
correlation was not statistically significant after adjustment. In addition, SUSPPUP was
negatively associated with SBP (P < 0.001) and TC (P = 0.04) but positively associated
with TG (P = 0.003) after multivariable adjustment. As for insulin resistance-related
markers, SUSPPUP was positively correlated with TyG, whereas there was no

correlation with CVAI and LAP.

3.5. Sensitivity analysis

Sensitivity analyses upon the exclusion of participants taking antihypertensive and
hypoglycemic agents showed comparable results regarding the association of SUSPPUP
odds of prediabetes or diabetes to that from the original analyzes (Table S2 and S3).
Moreover, outcomes on the association of the components of SUSPPUP with the odds
of prediabetes or diabetes were also unchanged. Furthermore, a positive association of
SUSPPUP with newly- or previously-diagnosed diabetes was observed (Table S4), and
the association of SUSPPUP with glycemic indices remained significant in newly- or

previously-diagnosed diabetes (Table S5).

4. Discussion

Main findings
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Our study showed that high SUSPPUP was associated with dysglycemia, including
increased odds of prediabetes and diabetes in Chinese community-dwellers. However,
mixed outcomes were observed for the components of SUSPPUP: spot urinary K* was
positively associated with the presence of prediabetes and diabetes, while serum and
spot urinary Na* acted in the opposite manner.

Interpretations and implications

SUSPPUP is regarded to be a reliable measure to reflect renal function of Na* retention
and K* excretion [14], which has been recently proposed as a simple and convenient
screening method for primary aldosteronism [14]. Extending this insight, our study
showed that SUSPPUP could be linked to the risk of dysglycemia, since higher
SUSPPUP was associated with bigger odds of prediabetes and diabetes and related to
elevated glycemic indices. Moreover, our study also showed that the association of
SUSPPUP with the odds of prediabetes or diabetes was unlikely to be affected by
gender, ageing, obesity, hypertension, smoking, regular excise, family history of
diabetes, and the presence of vascular complications, all of which are identified risk
factors for diabetes [24] or might confound the measurement of SUSPPUP. However,
the mechanism underlying the association of SUSPPUP with glycemia and odds of
diabetes remains unclear. One possible explanation could be that high SUSPPUP might
be indicative of an excessive aldosterone secretion [15, 25]; the latter may contribute to
the development of insulin resistance and impaired glucose disposal by the skeletal

muscle [17]. Indeed, there was a positive relationship of SUSPPUP with TG and TyG,
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both of which are associated with increased risk of dysglycemia including diabetes.

Since SUSPPUP was derived from serum and urinary Na* and K*, the association
of its components with glucose metabolism were also analyzed in the present study. We
observed that low spot urinary Na* and high spot urinary K* were associated positively
with the odds of prediabetes and diabetes. Serum Na* was positively associated with the
odds of prediabetes but this association disappeared after adjusting for multivariable;
however, there was a negative association between serum Na*and the odds of diabetes,
indicating that the results may be contradictory regarding the association of serum Na*
with prediabetes and diabetes. Given that there was no significant association of serum
K* with prediabetes and diabetes, it seems that investigation of the association between
electrolytes and glucose metabolism might be inadequate if we only focused on an
individual electrolyte due to the inconsistent results. SUSPPUP, which is a composite
electrolyte index accounts for the mutual influence arising from the balance of Na* and
K*, would be a reliable measure to reflect renal function of Na* retention and K*
excretion. The positive association of SUSPPUP with glucose metabolism in the present
study indicates that increases in Na* retention and K* excretion in the kidney, are
associated with increased prevalence of prediabetes and diabetes.

There is evidence that the expression of sodium glucose co-transporter 2 (SGLT-2)
in renal tubules is upregulated in the context of hyperglycemia and/or insulin resistance
[26, 27], which would enhance Na* reabsorption in the proximal tubules. In support of

this concept, Pruijm et al. [28] observed that patients with impaired fasting glucose and
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diabetes had increased reabsorption of Na* in the proximal segments of the nephron.
Similarly, Zhao et al. [29] found that hyperglycemia was associated with a reduction in
24-hour urinary Na" excretion, and that urinary Na* excretion correlated negatively with
FPG and HbA ¢ in patients with type 2 diabetes. Accordingly, the lower spot urinary
Na" may have reflected an enhanced Na* reabsorption caused by hyperglycemia and
hyperinsulinemia in the present study. Despite decreased urinary Na* excretion was
observed in participants with diabetes in the present study, we only found that serum
Na* was higher in participants with prediabetes than those with normoglycemia but not
diabetes, which may be related to the hemodilution caused by elevated plasma osmotic
pressure induced by hyperglycemia [30]. Until now, there was no similar report on the
association between spot urinary Na" and glucose metabolism, further research is
needed to verify our results.

In the present study, we also found that participants with prediabetes and diabetes
had increased urinary K* excretion, which may be related to the hyperglycemia-induced
osmotic diuresis [30]. Moreover, despite increased urinary K* excretion in participants
with prediabetes and diabetes, serum K* did not differ between these three groups. This
may be related to insulin resistance [30], as can be seen in our study, the insulin
resistance-related markers were all higher in participants with prediabetes and diabetes;
insulin resistance can reduce the entry of K* into cells, causing an increase in serum K™,
so that can balance the loss of urinary K*. Lower serum K* (even in the normal range)

has been reported to be related to increased risk of incident diabetes [6-9]. In the current
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study, there was no significant association of serum K* with the presence of prediabetes,
but a positive association of serum K* with the presence of diabetes in subjects without
antihypertensive drugs was found, attesting to the insufficiency of an individual
electrolyte for predicting the risk of dysglycemia.

Medications like antihypertensive (e.g., angiotensin-converting enzyme inhibitors)
and hypoglycemic agents (e.g., insulin) affect the levels of electrolytes, and therefore
may influence our results on the associations of SUSPPUP and its components with the
odds of prediabetes or diabetes. However, our sensitivity analysis upon the exclusion of
participants taking such medications suggested that they did not have significant
impacts on our results.

Strength and Limitation

This is the first study with a large sample size to explore the association of SUSPPUP
with glucose metabolism in Chinese community-dwellers. However, our study has some
limitations. First, our study participants tended to be older and we included more
females than males, although they had been used as covariables in the adjusted analyses.
Second, due to the nature of cross-sectional design, the causality of the association of
SUSPPUP with prediabetes and diabetes cannot be determined in the present study.
Third, despite of the significant associations of SUSPPUP with prediabetes and
diabetes, the diagnostic value of SUSPPUP for prediabetes and diabetes was inadequate
(their area under the curves was slightly higher than 0.50), indicating that SUSPPUP

might be not an ideal measure for screening for prediabetes or diabetes in general
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population. Fourth, morning spot but not 24-hour urine collection was used in our study.
However, there is evidence that electrolytes measured in morning spot urine showed
good correlations with those in 24-hour urine samples [31]. Fifth, some Chinese herb
(e.g., glycyrrhiza) may exert aldosterone action and could affect SUSPPUP ratio.
However, such information was not collected in our study, which might potentially
weaken the robustness of our findings. Finally, we did not collect data on dietary intake
and urine volume, while they may influence the concentrations of Na* and K* in serum
and urine. However, SUSPPUP is derived from serum Na* to urinary Na* divided by
(serum K*) 2to urinary K*, and therefore internally corrected for these variations.
Conclusions

Increases in Na* retention and K* excretion in the kidney, as reflected by an elevated
SUSPPUP, are associated with increased prevalence of prediabetes and diabetes in
Chinese community-dwelling population. Further studies are warranted to determine
whether interventions that suppress renal Na* retention and K* excretion have the
potential for reducing the risk of dysglycemia, and to explore whether SUSPPUP could
be used as an effective indicator to construct lifestyle intervention programmes (e.g.,

diet modification and exercise) for diabetes prevention.

Appendices

Table S1: Odds of prediabetes and diabetes in relation to serum or urinary sodium and

potassium;
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Table S2: Odds of prediabetes and diabetes in subjects without antihypertensive drugs in
relation to serum or urinary sodium and potassium and SUSPPUP ratio.
Table S3: Odds of prediabetes and diabetes in subjects without hypoglycemic drugs in

relation to serum or urinary sodium and potassium and SUSPPUP ratio.

Table S4: Odds of newly- and previously-diagnosed diabetes in relation to SUSPPUP
ratio.

Table S5: Association of SUSPPUP ratio with glycemic indices in participants with
newly and previously diagnosed diabetes.
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Table 1. Characteristics of included participants with different glycemic condition.

Characteristics Normoglycemia Prediabetes Diabetes P

(N =3268) (N =1269) (N =1044)
Female (%) 2196 (67.2%) 846 (66.7%) 613 (58.7%) ™ <0.001
Age (y) 53.4+10.0 57.2+8.8™ 59.0 £ 8.5™ <0.001
Glycemic indices
FPG (mmol/L) 52+0.5 55+0.6" 7.6+2.4% <0.001
2hPG (mmol/L) # 6.1+1.1 8.8+1.2" 12.7+£2.9" <0.001
HbAlc (%) 55+0.6 5.7+0.6" 7.0+1.6" <0.001
Urine Glucose (mmo/L) 0.3(0.2,0.5) 0.4(0.2,0.6) ™ 0.6(0.3,1.3)™ <0.001
Insulin resistance-related markers
TyG 8.5+0.5 8.8+0.6™ 92+0.7" <0.001
CVAI 89.8 £39.5 107.5+36.9™ 116.2 £37.4™ <0.001
LAP 26.2 (15.4,43.6) 37.8(23.2,60.7) 43.4 (26.6, 68.3) ™ <0.001
Cardiometabolic biomarkers
BMI (kg/m?) 249+39 25.9 +4.0™ 262 +3.8" <0.001
WC (cm) 83.6 £10.5 86.7+104 88.8+£10.2" <0.001
WHR 0.87 £0.07 0.89 £ 0.06™ 0.91 £0.06™ <0.001
SBP (mmHg) 132+ 19 139+ 19™ 142 +20™ <0.001
DBP (mmHg) 82+ 12 86+ 11" 85+ 11" <0.001
TC (mmo/L) 47+0.9 4.8+0.9" 40+1.1" <0.001
TG (mmo/L) 1.1 (0.8, 1.6) 1.5(1.0,2.1) ™ 1.6(1.1,22) ™ <0.001
HDL (mmo/L) 14+0.3 1.4+0.3 14+03 0.06
LDL (mmo/L) 2.6 +0.7 2.7+£0.7" 2.7+0.8" <0.001
eGFR (mL/min/1.73 m?) 133.9+£29.8 133.7+29.9 136.7 +£34.2 0.24
Electrolytes
SUSPPUP (mmol/L)! 30£1.9 3.4+23" 3.7+£2.6™ <0.001
Serum Na* (mmo/L) 143 +3 143 £ 3™ 142 +3 <0.001
Serum K* (mmo/L) 41+0.3 4.1+0.3 41+04 0.07
Urinary Na* (mmo/L) 153 +53 150 + 54 137 + 53 <0.001
Urinary K (mmo/L) 472+16.2 489 +16.1" 48.9+16.4" <0.001
Urinary Na*™ / K* 3.7+1.9 3.5+1.9" 3.2+1.8" <0.001
Current smoking (%) 510 (15.6%) 189 (14.9%) 182 (17.4%) 0.23
Family history of diabetes (%) ® 615 (19.3%) 232 (18.9%) 343 (34.3%) ™ <0.001
Regular exercise (%) © 825 (25.9%) 309 (25.0%) 264 (25.8%) 0.84
Vascular complications (%) ¢ 646 (20.3%) 364 (29.5%) ™" 456 (44.7%) ™" <0.001
Hypertension (%) 1509 (46.2%) 798 (62.9%) ** 764 (73.2%) ™ <0.001
Newly diagnosed diabetes (%) NA NA 354 (33.9%) NA
Anti-hypertensive treatment (%) 713 (21.8%) 416 (32.8%) ™" 480 (46.0%) ™ <0.001
Hypoglycemic treatment (%) NA NA 405 (38.8%) NA

FPG, fasting plasma glucose; 2hPG, 2h-postprandial plasma glucose; HbAlc, glycated
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hemoglobin Alc; TyG, the product of triglyceride and glucose; CVAI, Chinese visceral
adiposity index; LAP, lipid accumulation product; BMI, body mass index; WC, waist
circumference; WHR, waist to hip ratio; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; Na*, sodium,;
K*, potassium; SUSPPUP, serum sodium to urinary sodium to (serum potassium)? to
urinary potassium.

3834 participants did not provide data on 2hPG; 174 participants did not provide
information on family history of diabetes; ¢132 participants did not provide information
on regular exercise (defined as >30 min of moderate-intensity exercise for at least 3 days
per week); 4148 participants did not provide information on vascular complications
(defined as having albuminuria or reporting the history of coronary heart disease or
stroke).

Data were presented as means + SDs or medians (25th percentile, 75th percentile) or
numbers (percentages).

* P <0.05 and **P < 0.01 compared with subjects with normoglycemia.
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Table 2. Odds of prediabetes and diabetes in relation to SUSPPUP ratio.

Prediabetes (n = 1269) Diabetes (n = 1044)

Unadjusted model  Adjusted model” Unadjusted model ~ Adjusted model”
Quartiles of variables ~ N(cases/non-case) OR (95% CI) OR (95% CI) N (cases/non-case) OR (95% CI) OR (95% CI)
SUSPPUP (mmol/L)!
<1.9 304/871 1.00 1.00 202/871 1.00 1.00
1.9-2.7 313/855 1.05 (0.87, 1.26) 1.09 (0.91, 1.33)  240/855 1.21 (0.98, 1.49) 1.34 (1.07, 1.68)
2.7-3.8 306/827 1.06 (0.88, 1.28) 1.14 (0.94, 1.39)  259/827 1.35 (1.09, 1.66) 1.63 (1.30, 2.04)
>3.8 346/715 1.39 (1.16, 1.67) 1.51(1.24,1.83)  343/715 2.07 (1.69, 2.53) 2.56 (2.05, 3.19)
P for trend <0.001 <0.001 <0.001 <0.001

Per 1-SD increase

1.19 (1.11, 1.27)

1.21(1.13,1.29)

1.33 (1.25, 1.42)

1.39 (1.29, 1.49)

SUSPPUP, serum sodium to urinary sodium to (serum potassium)? to urinary potassium
# Adjusted for age, gender, body mass index, ethnicity (Han and others), current smoking, waist hip ratio, systolic blood pressure, diastolic
blood pressure, triglyceride, high-density lipoprotein, low-density lipoprotein and estimated glomerular filtration rate.
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Table 3. Association of SUSPPUP ratio with glycemic indices, cardiometabolic biomarkers and insulin resistance-related markers.

Unadjusted model Adjusted model”
Outcome variables £ (95% CI) Std g P LS (95% CI) Stdp P
Glycemic indices
FPG (mmol/L) 0.057 (0.039, 0.075) 0.082 <0.001  0.063(0.046, 0.081) 0.092 <0.001
2hPG (mmol/L) ? 0.140 (0.108, 0.173) 0.121 <0.001  0.134(0.103, 0.165) 0.116 <0.001
HbAlc (%) 0.016 (0.003, 0.028) 0.033 0.01 0.018 (0.006, 0.030) 0.038 0.003
Urinary Glucose (mmol/L) 0.141 (-0.133, 0.415) 0.014 0.32 0.223 (-0.050, 0.497) 0.021 0.11
Cardiometabolic biomarkers
BMI (kg/m2) -0.068 (-0.117, -0.020) -0.037 0.006 -0.009(-0.054, 0.036) -0.005  0.69
WHR -0.001 (-0.001, 0.000) -0.021 0.12 -0.000 (-0.001, 0.001)  -0.006  0.63
SBP (mmHg) -0.655 (-0.903, -0.408) -0.069 <0.001 -0.382(-0.543,-0.220) -0.040 <0.001
TC (mmo/L) 0.001 (-0.010, 0.013) 0.003 0.81 -0.003 (-0.007, -0.000)  -0.008  0.04
TG (mmo/L) 0.013 (-0.005, 0.031) 0.019 0.17 0.027 (0.009, 0.044) 0.039 0.003
HDL (mmo/L) 0.002 (-0.001, 0.006) 0.017 0.20 -0.002 (-0.005, 0.002)  -0.012  0.32
LDL (mmo/L) -0.001 (-0.010, 0.007) -0.004 0.79 0.001 (-0.006, 0.009) 0.005 0.71
Insulin resistance-related markers
TyG 0.020 (0.012, 0.028) 0.067 <0.001 0.017 (0.012, 0.021) 0.056 <0.001
CVAI -0.046 (-0.537, 0.444) -0.002 0.85 -0.018 (-0.209, 0.172)  -0.001  0.85
LAP 0.060 (-0.482, 0.603) 0.003 0.83 -0.068 (-0.251, 0.115)  -0.003  0.47

SUSPPUP, serum sodium to urinary sodium to (serum potassium)? to urinary potassium; FPG, fasting plasma glucose; 2hPG, 2h-postprandial
plasma glucose; HbAlc, glycated hemoglobin Alc; BMI, body mass index; WHR, waist to hip ratio; SBP, systolic blood pressure; TC, total
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cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TyG, the product of triglyceride and glucose; CVAI,
Chinese visceral adiposity index; LAP, lipid accumulation product.

2 834 participants without 2hPG data.

#* Adjusted for age, gender, body mass index, ethnicity (Han and others), current smoking, waist hip ratio, systolic blood pressure, diastolic blood
pressure, triglyceride, high-density lipoprotein, low-density lipoprotein and estimated glomerular filtration rate. To be noted, if the outcome is BMI
(or WHR), WHR (or BMI) was not adjusted in the model.
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A cross-sectional and population-
based study in China
April 2020 to January 2021
(n=6310)

Excluded (n=729)

1. Missing information* (n=394)

2. Diuretic usage (n=111)

3. Heart failure or severe liver disease or renal
msufficiency (n=37)

6. Unclanified status of glucose metabolism (n=187)

Subjects enrolled
(n=5581.1926 males and 3655 females)

Normoglycemia Prediabetes Diabetes
(n=3268) (n=1269) (n=1044)

|

Data analysis

Figure 1. Flowchart of the study population

*indicates missing information on laboratory parameters (including serum Na* or K*,
fasting plasma glucose, glycated hemoglobin Alc, total cholesterol, triglyceride, high
density lipoprotein, low-density lipoprotein, serum creatinine, urinary Na*™ or K*, and
urinary glucose) or anthropometric data (including systolic blood pressure, diastolic
blood pressure, height, weight, waist circumference, hip circumference).
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A
Subgroup N OR(95% CI)
Overall 4537 1.09(1.05,1.12) -
Gender
Male 1495 1.08(1.03,1.14) -
Female 3042 1.09(1.04,1.13) -
Age(y)
<65 3848 1.09(1.05,1.13) -
=65 689 1.06(0.99,1.14) o
Ethnicity
Han 3323 1.09(1.05,1.13) -
Others 1214 1.07(0.99,1.15) .
Hypertension
Yes 2307 1.09(1.05,1.13) -
No 2230 1.07(1.01,1.13) =
BMI
<24 1839 1.11(1.05,1.18) —-
24.279 1775 1.08(1.03,1.14) .-
=28 923 1.04(098,1.11) T
Current smoking
Yes 699 1.06(0.98,1.15)
No 3838 1.09(1.05,1.13) -
Regular exercise
Yes 1134 1.06(0.99,1.13) —
No 3292 1.11(1.06,1.15) -
Family history of diabetes
With 847 1.09(1.01,1.17) ——
Without 3561 1.08(1.04,1.12) i
Vascular complications
With 1010 1.09(1.02,1.16) .-
Without 3404 1.08(1.04,1.12) s
B
Subgroup N OR{95% CI)
Owverall 4312 1.17(1.13,1.21) -
Gender
Male 1503 1.15(1.09,1.21) -
Female 2809 1.18(1.13,1.23) -
Age(y)
=65 3602 1.18(1.13,1.23) -
=65 710 1.13(1.05,1.21) ——
Ethnicity
Hamn 3164 1.16(1.12,1.21) -
Others 1148 1.19(1.09,1.29) —
Hypertension
Yes 2273 1.15(1.10,1.19) -
Mo 2039 1.17(1.09,1.25) -
BMI
=24 1733 1.21(1.14.1.29) -
24.27.9 1688 1.16(1.09,1.22) -
=28 891 1.13(1.05,1.21) ——
Current smoking
Yes 692 1.11(1.03, 1.19) —-—
R[] 3620 1.18(1.14,1.23) -
Regular exercise
Yes 1089 1.16(1.09,1.24) —-—
Mo 3125 1.19(1.14.1.24) -
Family history of diabetes
With 958 1.17(1.09,1.25) —-—
Without 3222 117(1.121.22) I
Vascular complications
With 1102 1.17(1.09,1.24) -
Without 3099 1.16(1.11,1.21) - -

Figure 2. (A) Forest plots of the association between SUSPPUP and Prediabetes in
various subgroups*; (B) Forest plots of the association between SUSPPUP and

Diabetes in various subgroups™

*Adjusted for age, gender, body mass index, ethnicity (Han and others), current
smoking, waist hip ratio, systolic blood pressure, diastolic blood pressure, triglyceride,
high density lipoprotein, low-density lipoprotein, estimated glomerular filtration rate.
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