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Objective: The prevalence of hyperuricemia appears to be high worldwide. We aimed to explore the interaction between harmful
alcohol use and tea consumption on hyperuricemia.

Methods: This study recruited 22,449 Han residents based on the data from the China Multi-Ethnic Cohort (CMEC) study,
Chonggqing province, to have a face-to-face electronic questionnaire, physical examination, and clinical laboratory tests. The difference
in hyperuricemia between the different populations was compared by the Chi-square test. The interaction between harmful alcohol use
and tea consumption was analyzed by the multivariate logistic regression model.

Results: Amongst 22,449 participants, the mean age was 51.5+11.8 years, and 46.83% of them were males. The proportion of harmful
alcohol use, tea consumption, and harmful alcohol use and tea consumption were 14.01%, 21.01%, and 6.54%, respectively.
Multivariate logistic regression showed that the odds ratio (OR) of harmful alcohol use and tea consumption (OR=2.21, 95% CI:
1.58-3.10) was greater than that of harmful alcohol use (OR=1.63, 95% CI:1.17-2.27) and tea consumption (OR=1.34, 95% CI:1.10—
1.63). Among males, the results were similar (harmful alcohol use and tea consumption: OR=2.02, 95% CI: 1.43-2.84; harmful
alcohol use: OR=1.61, 95% CI: 1.14-2.27; tea consumption: OR=1.28, 95% CI: 1.05-1.57). However, among females, the odds ratio
of harmful alcohol use and tea consumption (OR=15.50, 95% CI: 1.36-176.50) was more than 10 times than that of only harmful
alcohol use (OR=1.55, 95% CI: 0.42-5.69) or tea consumption (OR=1.22, 95% CI: 0.52-2.82).

Conclusion: The interaction of harmful alcohol use and tea consumption was a positive risk for hyperuricemia in Han residents aged
30-79 years in China.
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Introduction
Hyperuricemia (HU), caused by aberrant metabolite of purine, occurring with exorbitant serum uric acid (SUA) levels, is
currently prevailing across the world.'* Potentially engendering gout, a common inflammatory arthritis, which results in
swelling joint, sudden and severe pain, and possible disability, HU has been a threat to the life quality of people and
global public health.’ HU is often associated with several other diseases including cardiovascular diseases,*
dyslipidemia,” diabetes,®’ hypertension,*® chronic kidney disease,” metabolic syndrome'® and liver dysfunction.'"-'?
The prevalence of hyperuricemia appears to be high worldwide, which was 20.1% in the United States, 2016,"* and
16.6% in South Australia.'* According to the meta-analysis collected data between year 2000 and 2014, the prevalence in
China ranged from 5.5% to 23.5% in various regions."

The increasing prevalence of hyperuricemia is related to lifestyle and dietary habits.'®!” Excessive alcohol consumption
has been assumed to be positively associated with HU by increasing SUA level.'®'? However, the association between tea

consumption and HU would be expected to be negative by decreasing SUA level in the mice model.”**' Current evidence
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suggest that tea consumption does not seem to be associated with SUA level, HU or gout.?* A recent study reflected that tea
consumption was associated with the risk of hyperuricemia in an occupational population.” Yet, the epidemiological data that
can prove such hypotheses about the association between consumption of tea or alcohol and HU are scarce. Furthermore, in
the real world, the consumption of tea and alcohol consumption would not be independent, while the interaction between
consumption of tea and harmful alcohol use on HU has not gained enough attention and remains unclear. Chongqing is the
largest municipality in Southwestern China. Tea is also one of Chongqing’s specialties. Tea consumption is popular among the
residents of Chongqing. At the same time, tea consumption after alcohol use is generally believed to be beneficial to health.
Therefore, based on the data from the China Multi-Ethnic Cohort (CMEC), Chongqing province, we aimed to investigate the
interaction between harmful alcohol use and tea consumption on hyperuricemia.

Methods

Study Population

We gathered the data from the CMEC study, Chonggqing province. Details of the cohort study design have been presented
previously.”* All participants in our study were randomly selected from thirteen districts/counties. The inclusion criteria
we applied were as follows: 1) Han residents aged between 30 and 79 years on the day of the investigation; 2) live in the
local area for half a year or more; 3) capable of completing the baseline survey and taking a blood sample; 4) voluntarily
participating in the survey and signing informed consent; 5) having the normal ability of expression and understanding.
Overall, a total of 23,308 individuals aged 30-79 were recruited at baseline. To explore the interaction between harmful
alcohol use and tea drinking on hyperuricemia, a total of 859 subjects were excluded because of missing data on
hyperuricemia. Ultimately, the study enrolled 22,449 individuals for the current analysis.

Assessment of Harmful Alcohol Use and Tea Consumption

The standardized questionnaire was used to collect general characteristics such as smoking, alcohol use, tea consumption,
physical activity, dietary intake information, and family history of the disease. All participants were interviewed by well-
trained staff through face-to-face interviews. Daily consumption of alcohol (grams of pure alcohol per day) was
calculated based on the reported frequency and quantity of drinking. Harmful alcohol use was defined according to 61
grams of pure alcohol per day for male residents and 41 grams of pure alcohol per day for female residents.? Participants
were asked, “Whether you drink tea every week lasting half a year”.

Assessment of Covariates

A structured questionnaire was used to collect detailed information regarding sociodemographic characteristics and
lifestyle factors. The following variables were explored in the current study: age, sex, educational level, marital status,
annual family income, smoking status, physical activity, red meat intake, vegetables, and fruit intake, cooking oil, salt
intake, spicy food, and hemp diet. 1) Participants’ physical activity levels were classified as adequate or inadequate based
on whether there were 150 minutes or more of moderate-intensity aerobic activity per week.?® 2) Overtake of red meat is
defined as eating more than 100 grams of red meat per person per day.>> 3) Insufficient intake of vegetables and fruit was
defined as eating less than 400 grams of vegetables and fruit per person per day.?® 4) Overtake of cooking oil was defined
as taking more than 30 grams of cooking oil per person per day.?® 5) Overtake of salt was defined as taking more than 5
grams of salt per person per day.?® 6) Socioeconomic status was classified as low, middle, or high according to education
level, annual house income, and career.?” 7) Family history of diabetes was defined as the history of diabetes among first-
degree relatives such as parents, sisters/brothers, and sons/daughters.

Diagnostic Criteria of Hyperuricemia

Blood samples were collected from all participants via venipuncture after overnight fasting, then centrifuged and
separated for later clinical laboratory testing. The serum uric acid (SUA) was analyzed by the standard enzyme method
which was based on the generation of hydrogen peroxide from uric acid catalyzed by immobilized uricase and then
determined by the color reaction catalyzed by immobilized peroxidase. The intra-assay coefficients of variation for SUA
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were less than 6.5%. In the present study, we defined hyperuricemia as increased SUA above 6 mg/dl for women and
7 mg/dl for men and women according to Chinese experts’ consensus on hyperuricemia and gout treatment (2016).%®

Statistical Analysis

The general characteristics of study participants were described according to hyperuricemia (0 = No, 1 = Yes). Means and
standard deviations were presented for continuous variables, while categorical variables were expressed as numbers and
percentages. Analysis of chi-square tests was used to compare the differences in hyperuricemia between different socio-
demographics and lifestyles. Multivariable-adjusted logistic regression models were conducted to investigate the interaction
between harmful alcohol use and tea consumption on hyperuricemia. The results of the odds ratios (ORs) and 95% confidence
intervals (Cls) were presented. A series of models were used to minimize the influence of confounding factors on this
association. Model 1 was a crude model without any adjustments. Model 2 was adjusted for sex, age, socioeconomic status,
and family history of diabetes. Model 3 was additionally adjusted for smoking, drinking beverage, physical activity,
insufficient of vegetable and fruit intake, spicy food, and hemp diet. All statistical analyses were carried out using SPSS
version 25.0. All statistical tests were two-sided, and a P value <0.05 was considered statistically significant.

Results

General Characteristics

Table 1 presents the general characteristics of the participants. A total of 22,449 residents were enrolled in this study.
Their average age was 51.5+11.8 years. And 46.83% and 53.17% of them were male and female, respectively; 87.91% of
them were married. High socioeconomic status accounted for 28.15%. Moreover, 7.76% of the participants had a family

Table | Hyperuricemia Prevalence Among Residents Aged Between 30 and 79 Years in Chongqing, China

Variables Males Females Overall Hyperuricemia P
No. (%) No. (%) Participants Prevalence
No. (%) No. (%)
Socio-demographic characteristics
Sex <0.01
Male - - 10,512 (46.83) 2131 (20.27)
Female - - 11,937 (53.17) 1105 (9.26)
Age (Years) <0.01
30-39 1752 (16.67) 2352 (19.70) 4104 (18.28) 646 (15.74)
4049 3327 (31.65) 4086 (34.23) 7413 (33.02) 950 (13.72)
50-59 2376 (22.60) 2598 (21.76) 4974 (22.16) 716 (15.00)
60-69 2153 (20.48) 2001 (16.77) 4154 (18.50) 607 (15.43)
70-79 904 (8.60) 900 (7.54) 1804 (8.04) 317 (17.57)
Marital status 0.050
Married or cohabit 9512 (90.49) 10,222 (85.63) | 19,734 (87.91) 2811 (14.24)
Single or divorced or widow 1000 (9.51) 1715 (14.37) 2715 (12.09) 425 (15.65)
Socioeconomic status <0.01
Low 2708 (25.76) 3032 (25.40) 5740 (25.57) 697 (12.14)
Middle 4428 (42.12) 5961 (49.94) 10,389 (46.28) 1465 (14.10)
High 3376 (32.12) 2944 (24.66) 6320 (28.15) 1074 (16.99)
Family history of diabetes 0.035
No 9699 (92.27) 11,007 (92.21) | 20,706 (92.24) 2955 (14.27)
Yes 813 (7.73) 930 (7.79) 1743 (7.76) 281 (16.12)
Health-related behavioral characteristics
Smoking <0.01
No 4660 (44.33) 11,762 (98.53) | 16,422 (73.15) 2041 (12.43)
Yes 5852 (55.67) 175 (1.47) 6027 (26.85) 1195 (19.83)
(Continued)
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Table | (Continued).

Variables Males Females Overall Hyperuricemia P
No. (%) No. (%) Participants Prevalence
No. (%) No. (%)

Passive smoking <0.01
No 5774 (54.93) 5716 (47.88) 11,490 (51.18) 1444 (13.18)
Yes 4738 (45.07) 6221 (52.12) 10,959 (48.82) 1792 (15.60)

Drinking beverage every week for half a year <0.01
Yes 470 (4.47) 220 (1.84) 690 (3.07) 142 (20.58)
No 10,042 (95.53) | 11,717 (98.16) | 21,759 (96.93) 3094 (14.22)

Frequency of alcohol use in the past year <0.01
Never 3073 (29.23) 7200 (60.32) 10,273 (45.76) 1232 (11.99)
Seldom 4622 (43.97) 4393 (36.80) 9015 (40.16) 1292 (14.33)
Always 2817 (26.80) 344 (2.88) 3161 (14.08) 712 (22.52)

Harmful alcohol use® 0.001
No 2311 (85.09) 304 (93.54) 2615 (85.99) 566 (21.64)
Yes 405 (14.91) 21 (6.46) 426 (14.01) 122 (28.64)

Tea consumption <0.01
No 7045 (67.02) 10,687 (89.53) | 17,732 (78.99) 2260 (12.75)
Yes 3467 (32.98) 1250 (10.47) 4717 (21.01) 976 (20.69)

Gram of tea each time® 0.005
1-2 1099 (33.10) 653 (55.43) 1752 (38.95) 393 (18.83)
34 786 (23.67) 255 (21.65) 1041 (23.14) 309 (20.93)
=5 1435 (43.22) 270 (22.92) 1705 (37.91) 272 (23.69)

Physical activity 0.001
Insufficient 6240 (59.36) 6601 (55.30) 12,841 (57.20) 1762 (13.72)
Sufficient 4272 (40.64) 5336 (44.70) 9608 (42.80) 1474 (15.34)

Overtake of red meat <0.01
No 7870 (74.87) 10,429 (87.37) | 18,299 (81.51) 2556 (13.97)
Yes 2642 (25.13) 1508 (12.63) 4150 (18.49) 680 (16.39)

Insufficient intake of vegetable and fruit 0.008
No 5449 (51.84) 7205 (60.36) 12,654 (56.37) 1755 (13.87)
Yes 5063 (48.16) 4732 (39.64) 9795 (43.63) 1481 (15.12)

Overtake of cooking oil 0.650
No 1840 (17.50) 2066 (17.31) 3906 (17.40) 554 (14.18)
Yes 8672 (82.50) 9871 (82.69) 18,543 (82.60) 2682 (14.46)

Overtake of salt 0.031
No 3920 (37.29) 4613 (38.64) 8533 (38.01) 1285 (15.06)
Yes 6592 (62.71) 7324 (61.36) 13,916 (61.99) 1951 (14.02)

Habit of spicy food <0.01
No 2384 (22.68) 3018 (25.28) 5402 (24.06) 685 (12.68)
Yes 8128 (77.32) 8919 (74.72) 17,047 (75.94) 2551 (14.96)

Habit of the hemp diet <0.01
No 2889 (27.48) 3922 (32.86) 6811 (30.34) 845 (12.41)
Yes 7623 (72.52) 8015 (67.14) 15,638 (69.66) 2391 (15.29)

Harmful alcohol use and tea consumption® <0.01
No harmful alcohol use and no tea consumption | 1280 (47.13) 245 (75.38) 1525 (50.15) 296 (19.41)
Harmful alcohol use and no tea consumption 209 (7.70) 18 (5.54) 227 (7.47) 59 (25.99)
No harmful alcohol use and tea consumption 1031 (37.96) 59 (18.16) 1090 (18.84) 270 (24.77)
Harmful alcohol use and tea consumption 196 (7.21) 3 (0.92) 199 (6.54) 63 (31.66)

Notes: *Participants had a history of alcohol use. °Data missing.
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history of diabetes. The proportion of smoking, passive smoking, harmful alcohol use, drinking beverage every week for
half a year, insufficient physical activities, and tea consumption were respectively 26.85%, 48.82%, 14.01%, 3.07%,
57.20%, and 21.01%. The proportion of red meat overtake, insufficient intake of vegetables and fruits, overtake of
cooking oil, and salt was 18.49%, 43.63%, 82.60%, and 61.99%, respectively. The proportion of the habit of spicy food
and hemp diet was 75.94% and 69.66%. Among those who had a history of alcohol use, 6.54% of them had a history of
harmful alcohol use and tea consumption. The proportion of harmful alcohol and tea consumption was 14.91% and
32.98% for men and 6.46% and 10.47% for women, respectively.

Prevalence of Hyperuricemia

The prevalence of hyperuricemia among residents aged between 30 and 79 years was 14.41% and was higher in males
(20.27%) than that in females (9.26%) (x*=549.74, P<0.05). Table 1 presents the difference in hyperuricemia among the
different populations. The prevalence of hyperuricemia among overall participants who had the history of harmful
alcohol use (28.64%) and that of tea consumption (20.69%) were both higher than those who did not have the history of
harmful alcohol use (21.64%) or tea consumption (12.75%), respectively (P<0.05). Moreover, the prevalence of
hyperuricemia among overall participants who both had the history of harmful alcohol use and tea consumption
(31.66%) was the highest (P<0.05).

The Interaction Between Harmful Alcohol Use and Tea Consumption

Table 2 presents the results of multivariate logistic regression. The results of the model 1 without adjusting covariate
indicated that overall participants who had the history of harmful alcohol use (OR=1.46, 95% CI: 1.06-2.01), tea
consumption (OR=1.37, 95% CI: 1.13—1.65), harmful alcohol use and tea consumption (OR=1.92, 95% CI:1.39-2.66)
was vulnerable to hyperuricemia. Furthermore, model 3 after adjusting covariate variables reflected that harmful alcohol
use, tea consumption, and harmful alcohol use and tea consumption were all the risk factors of hyperuricemia. Moreover,
the odds ratio of harmful alcohol use and tea consumption (OR=2.21, 95% CI: 1.58-3.10) was greater than the odds ratio
of harmful alcohol use (OR=1.63, 95% CI:1.17-2.27) or tea consumption (OR=1.34, 95% CI:1.10-1.63). Moreover, we
performed multivariate regression analysis for men and women separately. The results of Model 3 after adjusting
covariate variables indicated that males who had harmful alcohol use, tea consumption, and harmful alcohol use and
tea consumption were all the risk factors of hyperuricemia. Furthermore, the odds ratio of harmful alcohol use and tea
consumption (OR=2.02, 95% CI: 1.43-2.84) was greater than the odds ratio of harmful alcohol use (OR=1.61, 95%
CI:1.14-2.27) or tea consumption (OR=1.28, 95% CI:1.05-1.57). Among females, the results in Model 3 indicated that

Table 2 Interaction of Tea Consumption and Harmful Alcohol Use on Hyperuricemia Among Han Residents Aged
Between 30 and 79 Years in Chongqing Municipality, China

Model Variables Males Females Overall Participants
OR (95% CI) P OR (95% CI) P OR (95% CI) P
Model | No harmful alcohol use and no tea consumption 1.00 1.00 1.00
Harmful alcohol use but no tea consumption 1.38(0.99-1.93) 0.058 1.55(0.42-5.69) 0.509 1.46(1.06-2.01) | 0.022
No harmful alcohol use but tea consumption 1.29(1.06—1.56) 0.011 1.22(0.523-2.82) 0.650 1.37(1.13-1.65) | 0.001
Harmful alcohol use and tea consumption 1.71(1.23-2.38) 0.002 15.50(1.36-176.50) | 0.027 1.92(1.39-2.66) | <0.001
Model 2 No harmful alcohol use and no tea consumption 1.00 1.00 1.00
Harmful alcohol use but no tea consumption 1.61(1.14-2.26) 0.007 1.55(0.42-5.69) 0.509 1.59(1.14-2.21) | 0.006
No harmful alcohol use but tea consumption 1.32(1.08-1.62) 0.007 1.22(0.52-2.82) 0.650 1.31(1.08-1.59) | 0.007
Harmful alcohol use and tea consumption 2.04(1.45-2.88) | <0.001 15.50(1.36-176.50) | 0.027 | 2.09(1.49-2.92) | <0.001
Model 3 No harmful alcohol use and no tea consumption 1.00 1.00 1.00
Harmful alcohol use but no tea consumption 1.61(1.14-2.27) 0.006 1.55(0.42-5.69) 0.509 1.63(1.17-2.27) | 0.004
No harmful alcohol use but tea consumption 1.28(1.05-1.57) 0.016 1.22(0.52-2.82) 0.650 1.34(1.10-1.63) | 0.003
Harmful alcohol use and tea consumption 2.02(1.43-2.84) | <0.00! 15.50(1.36-176.50) | 0.027 | 2.21(1.58-3.10) | <0.001

Notes: Model |: unadjusted model. Model 2: adjusted for sex, age, socioeconomic status, and family history of diabetes. Model 3: additionally adjusted
for smoking, drinking beverage, physical activity, insufficient of vegetable and fruit intake, spicy food, and hemp diet.

International Journal of General Medicine 2023:16 https: 977
Dove!


https://www.dovepress.com
https://www.dovepress.com

Ding et al Dove

harmful alcohol use and tea consumption were the risk factors of hyperuricemia, and the odds ratio of harmful alcohol
use and tea consumption (OR=15.50, 95% CI:1.36-176.50) was more than 10 times of those who had only harmful
alcohol use (OR=1.55, 95% CI1:0.42-5.69) or tea consumption (OR=1.22, 95% CI:0.52-2.82).

Discussion

This study is the largest population study to explore the interaction of harmful alcohol use and tea consumption on
hyperuricemia in Chongqing, China. The prevalence of hyperuricemia was high in Chongqing, China. Males had more
risk of hyperuricemia than that in females. Tea consumption and harmful alcohol use were both risk factors for
hyperuricemia. Moreover, the interaction of harmful alcohol use and tea consumption increased the risk of hyperuricemia
for males, females, and overall participants in Chongqing.

The prevalence of hyperuricemia among residents aged between 30 and 79 years was 14.41%. In the same period, the
prevalence of hyperuricemia among Tibetan residents aged between 30 and 79 years was 22.68% in Lhasa Prefecture,
China.”” The prevalence of hyperuricemia in another cohort study of Zhuang nationality was 29.6% in Guangxi, China.**
The prevalence of hyperuricemia among residents aged between 30 and 79 years was 16.11% in another cohort study in
Northeast China.>' The prevalence of hyperuricemia was 9.3% among staffs in Bangladesh.>? This difference of
hyperuricemia prevalence was due to different lifestyles. The prevalence of hyperuricemia in males was higher than
that in females. This finding was proved in previous studies in China.?® ' The prevalence of hyperuricemia was 16.6%
in men and 5.8% in women respectively in Japan, 2011.%*> The high prevalence of hyperuricemia among male residents
was due to more risk factors of hyperuricemia such as alcohol use, tea consumption, smoking, and unhealthy diet
habits.'*'¢-34

Previous studies showed that alcohol consumption was associated with the risk of hyperuricemia.*> >’ Some studies
revealed that heavy alcohol consumption was a risk of hyperuricemia in men.'®'%*® These findings were consistent with
our results that harmful alcohol use was the risk factor of hyperuricemia for males, females, and overall participants.
Purine nucleotide degradation during ethanol catabolism, inhibition of renal excretion of urate by lactic acid, and high
purine content of certain kinds of beverages and diet are responsible for the elevation of serum uric acid levels following
alcohol drinking.>® However, harmful alcohol consumption was not a risk of hyperuricemia in women in our study. It
may be related to the low proportion of Chinese women who have a history of drinking, especially the lower proportion
of harmful drinking.4°

Our study revealed that tea consumption was the risk factor of hyperuricemia for men and overall participants, which
was consistent with previous studies.”*** There are three possible explanations for this finding. First, catechins reversely
regulate the expression of organic anion transporter 1,** a secreting protein for uric acid excretion, which could account
for the increase in SUA.** Second, some overlooked substances in tea might increase the SUA level, and overconsump-
tion of tea could have harmful effects. Third, the health status of the study participants could have influenced their SUA
levels.® Previous studies have demonstrated associations between hyperuricemia and cardiovascular disease, renal
disease, diabetes, hypertension, and other diseases.” The mechanism of the effect of tea consumption on hyperuricemia
requires further research.

The odds ratio of participants who also had the history of harmful alcohol use and tea consumption was higher than
that who had the history of harmful alcohol use or tea consumption after adjusting all covariate variables. This finding
proved the positive interaction of harmful alcohol use and tea consumption on hyperuricemia for males, females and
overall participants. There are two possible explanations. First, harmful drinking increases the production of uric acid and
inhibits the excretion of uric acid.**** Secondly, harmful alcohol use causes acute liver damage, which affects the
production of uric acid metabolic enzymes and uric acid transporters. One study indicated xanthine oxidase inhibition
could reduce uric acid production. Nrf2 activation and urate transporters regulation could increase uric acid excretion.*'
Some overlooked substances in tea might increase the SUA level, and overconsumption of tea could have harmful
effects.”® Especially, overconsumption of tea may further accelerate the production of uric acid and reduce the excretion
of uric acid after harmful alcohol use. The interaction of harmful alcohol use and tea consumption on hyperuricemia
among female residents was greater than that among male residents.
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Strengths and Limitations

This study is the first large population study in Chonggqing, China. It is also the first study to explore the interaction
between harmful alcohol use and tea consumption in Southwest China. However, four limitations should also be
considered. Firstly, as a cross-sectional survey, we could not prove the causal association between tea consumption,
harmful alcohol use, or the interaction of tea consumption and harmful alcohol use and hyperuricemia. Cohort studies of
large population will be needed to verify the causal effect. Secondly, the information of alcohol use and tea consumption
was self-reported, which might have reporting bias and recall bias. Further research will illustrate the mechanism of the
interaction between tea consumption and harmful alcohol use on hyperuricemia. Thirdly, all the individuals participated
in the current study voluntarily. Participants were more likely to have high educational levels and healthy lifestyles,
which may lead to an underestimate of the prevalence of various diseases. Fourthly, variables such as ejection fraction,
creatinine, or glomerular filtration rate had not been collected. Blood pressure, blood glucose, and blood lipid were not
included in the analysis model due to greater consideration of lifestyle effects.

Conclusion

This study revealed that the prevalence of hyperuricemia among Han residents aged 30-79 years was high in Chonggqing,
China. Tea consumption and harmful alcohol use were both the risk factors of hyperuricemia among Han residents aged
30-79 years. The interaction of harmful alcohol use and tea consumption was a positive risk of hyperuricemia among
males and females and in overall participants aged 30-79 years in Chongqing, China. This finding will be demonstrated
in further prospective research.

Abbreviations
HU, hyperuricemia; SUA, serum uric acid; CMEC, China Multi-Ethnic Cohort; OR, odds ratios; CI, confidence interval.
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