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Abstract
Background

Liver enzyme abnormalities can indicate underlying liver health issues and are influenced by various factors.
This study aimed to investigate the prevalence of liver enzyme abnormalities and their associated factors
among nonpregnant and nonlactating (NPNL) women in Bangladesh.

Methodology

A cross-sectional study was conducted among 251 NPNL Bangladeshi women. Data on demographic,
socioeconomic, and health-related variables were collected. Logistic regression analysis was used to
determine the association between liver enzyme abnormalities and associated factors.

Results

The prevalence of liver enzyme abnormalities among participants was determined, with associated factors
such as age, body mass index (BMI), monthly income, and food security status examined. Elevated alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) levels were observed in 54 (21.5%) and 47
(18.7%) of participants, respectively, with 116 (46.2%) exhibiting an AST/ALT ratio exceeding 1.71. Food
insecurity was significantly associated with a higher prevalence of elevated ALT levels (24.4% vs. 8.7%, P =
0.02), as well as low monthly income (18.8%, 14.7% vs. 36.7%, P < 0.01) and higher BMI (11% vs. 27.7% and
25.6%, P =0.02). Similar trends were observed for AST levels. Moreover, participants with a higher BMI
exhibited significantly higher rates of at least one abnormal liver function enzyme (15.9% vs. 34.9%, P =
0.01). Logistic regression analysis revealed a significant association between abnormal liver enzyme levels
and certain demographic and socioeconomic factors, specifically BMI and age.

Conclusions

This study provides insights into the prevalence of liver enzyme abnormalities and their associated factors
among NPNL Bangladeshi women. The findings underscore the importance of addressing factors such as BMI
and age in mitigating liver health issues in this population. Further research and targeted interventions are
warranted to address these concerns effectively.
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mass index (bmi), aspartate aminotransferase (ast), alanine aminotransferase (alt)

Introduction

The liver plays a crucial role in detoxification, protein synthesis, and digestion [1]. It is also responsible for
glucose synthesis and lipid metabolism [2]. With rapid urbanization and economic growth, the prevalence of
overweight individuals has surged globally, including in Bangladesh [3]. Non-alcoholic fatty liver disease
(NAFLD) is strongly linked to elevated body mass index (BMI) and is characterized by increased levels of
liver function markers such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST) [4,5].
Age and food insecurity are independent risk factors for NAFLD [6,7], and educational attainment and other
socioeconomic factors may also influence its development [8].

The global prevalence of NAFLD was approximately 37% in 2019 [9]. However, the prevalence varies by
country: India reported 38.6% [10], Japan 25.8% [11], China 29.8% [12], Korea 30.3% [13], and Sri Lanka 32.6%
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[14]. A study conducted in Bangladesh found an overall NAFLD prevalence of 33.86% across genders and
urban-rural regions [6]. The prevalence of elevated ALT levels differs worldwide due to factors such as
country, ethnicity, gender, and age. For instance, India reported a prevalence of 20% in healthy individuals
[15], while in Bangladesh, the overall prevalence of elevated ALT and AST was found to be 18.8% and 21.6%,
respectively. Female participants had a higher prevalence of elevated liver enzymes [16].

Despite these trends, there is a lack of research on the prevalence of elevated liver enzymes among
nonpregnant and nonlactating (NPNL) women in Bangladesh and the factors associated with it. This study
aims to address this gap by investigating the prevalence of elevated ALT and AST levels in NPNL
Bangladeshi women and their association with BMI, food security, and age.

Materials And Methods
Study design and population

The study participants were selected from the Nutrition, Health, and Demographic Survey of Bangladesh-
2011 (NHDSBD-2011), which was a nationwide cross-sectional survey. NHDSBD-2011 provided a
comprehensive understanding of the country's demographic profile, including population dynamics, health
indicators, nutritional status, agricultural practices, and food security. The participants for the survey were
chosen using a two-stage stratified random sampling technique based on the integrated multipurpose
sample (IMPS) design, which was created using the Population and Housing Census 2001.

From the sampling units, households were carefully selected across the seven administrative divisions of
Bangladesh. After a complete interview using a structured questionnaire, blood samples were collected from
a subset of nonlactating and nonpregnant women aged between 17 and 49 years who were free from any
diseases, for further investigation. Details of the study design have been described elsewhere [17].

For this study, a total of 251 women were selected from three districts (Dhaka, Khulna, and Chittagong), and
their blood samples were analyzed to assess the prevalence of abnormal liver function enzymes.

Sociodemographic, anthropometric data, and blood collection

Data were collected using a structured, validated questionnaire [18], which included data on
sociodemographic status, marital status, household food security, lifestyle, and nutrition. Nutritional status
was measured using the anthropometric method. Blood samples were collected, and serum sample
preparation was done by a medical team consisting of paramedics and physicians, following the guidelines
outlined by Tuck et al. [19]. Trained personnel and interviewers with graduate-level education performed the
anthropometric measurements using standardized protocols [20]. The weight of each participant, wearing
minimum clothing, was taken to the nearest 100 g using a precision bathroom scale (Tanita HA-622, Tanita
Corporation, Tokyo, Japan), while height, measured barefoot, was recorded to the nearest 0.1 cm using a
height scale.

Biochemical analysis

A total of 251 samples were analyzed to determine the levels of ALT and AST in women. Participants in the
study were required to fast for a minimum of eight hours before providing a blood sample. Approximately 6
mL of venous blood was collected using disposable syringes and transferred to plain dry vacutainer tubes.
The serum samples were then prepared and stored in a freezer at -20 °C. To maintain sample integrity during
transportation, the serum samples were transported to Dhaka from the collection areas using dry ice in an
insulated box, ensuring temperature control and sample preservation.

The ALT and AST enzyme activity levels were analyzed using the DIALAB GmbH semi-auto biochemistry
analyzer DTN-405 (Austria). To ensure accuracy, every 20th sample was re-analyzed, and 12 samples were
analyzed twice to estimate the coefficient of variation (CV).

The CV was calculated using the formula CV = (Standard Deviation [SD]/Mean estimated value of the
sample) * 100. The average CV for ALT and AST from the repeated sample analyses was 12.82% and 6.37%,
respectively.

Definition of outcome variables

Impaired liver function was defined as ALT > 34 U/L and AST > 31 U/L in women, as established by prior
research [21,22]. An AST-to-ALT ratio >1 was also considered indicative of impaired liver function [23].

Exposure variables

Demographic and socioeconomic data were presented categorically. Due to limited representation of

adolescents and elderly women, respondent age was divided into three groups: 23 years and under, 24 to 28
years, and 29 years and older. Marital status was classified as unmarried or married. Household information
included monthly family income, expenditure on food, and access to electricity. Monthly family income was
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stratified into three groups: 8,000 Bangladeshi Taka (BDT) and below, 8,001-15,000 BDT, and 15,001 BDT
and above. Monthly expenditure on food was divided into three categories: low expenditure (4,500 BDT),
medium expenditure (4,501-6,000 BDT), and high expenditure (6,001+ BDT). Household food security was
assessed by asking respondents about experiences of food shortage throughout the year, resulting in two
groups: those who had never encountered food insecurity and those who had experienced occasional or
frequent food insecurity.

BMI was categorized into three groups using terciles (<=19.25, 19.26-21.98, and >=21.99). Additionally, BMI
was classified using Asian cutoff points: underweight (<18.5 kg/mz), normal weight (18.5-23 kg/mz),
overweight (23-27.4 kg/m?), and obese (>27.5 kg/m?) [24], as well as the World Health Organization (WHO)
cutoff points: underweight (<18.5 kg/mz), normal weight (18.5-24.9 kg/m 2), overweight (25-29.9 kg/mz), and
obese (330 kg/m?) [25].

Ethical approval

The study received approval from the Ethical Board of the Faculty of Biological Science, University of Dhaka
(approval no. 10/Bio. Sci./2015-2016, on October 25, 2015). Written consent was obtained from all
participants before data and sample collection.

Statistical analysis

All statistical analyses were performed using the statistical software IBM SPSS Statistics for Windows,
Version 26.0 (IBM Corp., Armonk, NY). Descriptive analyses were conducted for all variables, with median
values and interquartile ranges (IQRs) reported due to the non-normal distribution of the samples. The chi-
square test was used to assess associations between various factors (including food security, BMI, age, and
monthly family income) and indicators of liver health (AST level, ALT level, and AST/ALT ratio). Variables
showing significance levels <0.2 in their association were included in the logistic regression model.

Results

Table I presents an overview of basic characteristics among the study population (n = 251), delineating
frequencies and percentages for each variable. Among the participants, 90 (35.9%) of NPNL women were
aged between 24 and 28 years, with a median age of 26 years. A total of 237 (94.4%) participants were
married. Access to electricity was reported by 111 (44.4%) of the respondents. Regarding monthly family
income, the largest proportion of participants (96, 38.3%) fell within the range of 8,001 to 15,000 BDT, with a
median income of 10,000 BDT. In terms of monthly food expenditure, 91 (36.3%) participants spent between
4,501 and 6,000 BDT, with a median food expenditure of 5,000 BDT. The majority of the respondents (205,
81.7%) reported never experiencing food insecurity, while 18 (18.8%) acknowledged occasional or frequent
challenges. The mean levels for AST and ALT found among the participants were 26.12 and 26.06 U/L
respectively. The median levels for AST and ALT were 24.21 and 26.13 U/L, respectively.
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Variables

Age (years)

Marital status

Monthly expenditure on food (BDT)

Monthly family income (BDT)

Access to electricity

Food insecurity

BMI

Serum ALT

Serum AST

TABLE 1: Basic characteristics of the study participants (n = 251).

BDT, Bangladeshi Taka; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; IQR, interquartile range

<23

24-28

229

Median (IQR)
Unmarried
Married
<4,500
4,501-6,000
26,001
Median (IQR)
<8,000
8,001-15,000
215,001
Median (IQR)
Yes

No

Never experienced
Sometime/often
<19.25
19.26-21.98
221.99
Median (IQR)
Mean + SD
Median (IQR)
Mean + SD

Median (IQR)

n (%)

79 (31.5)

90 (35.9)

82 (32.7)

26 (22-30)

14 (5.6)

237 (94.4)

84 (33.5)

91(36.3)

76 (30.3)

5,000 (4,000-7,000)
96 (38.2)

95 (37.8)

60 (23.9)

10,000 (7,000-15,000)
114 (45.4)

137 (54.6)

205 (81.7)

46 (18.3)

82 (32.7)

83 (33.1)

86 (34.3)

20.65 (18.72-23.24)
26.12 £ 12.67
26.13 (17.00-33.00)
26.06 £ 14.72

24.21 (18.00-30.72)

Figure I compares the distribution of BMI categories among participants using both the WHO and Asian
cutoff points. At the WHO cutoff, the majority were of normal weight (154, 61.4%), followed by overweight
(41, 16.3%) and underweight (56, 22.3%). However, applying the Asian cutoff resulted in a lower percentage
of normal weight (129, 51.4%), with more overweight (66, 26.3%) and underweight (56, 22.3%) participants.
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FIGURE 1: Nutritional status of the participants according to the World
Health Organization (WHO) and Asian cutoffs.

"WHO cutoff for body mass index (BMI): underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?2), overweight
(225 kg/m?).

“Asian cutoff: underweight (<185 kg/m?2), normal weight (18-5-23 ka/m2), and overweight (23 kg/m?2).

Figure 2 illustrates that the majority of participants had normal levels of ALT and AST, with 197 (78.5%) and
204 (81.3%) falling within normal ranges, respectively. Elevated levels were observed in 54 (21.5%)
participants for ALT and 47 (18.7%) for AST. Additionally, 116 (46.2%) participants exhibited an AST/ALT
ratio exceeding 1.71. Notably, 179 (71.3%) participants had normal levels for both liver markers, while 43
(17.1%) had at least one marker elevated, and 29 (11.6%) had elevated levels for both markers.

90

78.5 813
713
70
60 53.8
2 462
40
30
215 o -

20 1.6
10 I I

0

Normal Elevated = Normal Elevated Both Atleast Both One or  higher

Percentage

normal one clevated  lower than one
elevated
AST ALT Overall liver enzyme AST to ALT ratio

distribution

FIGURE 2: Status of the participants by liver enzyme levels.

Elevated ALT and AST levels were defined as serum ALT > 34 U/L and serum AST > 31 U/L in women,
respectively.

ALT, alanine aminotransferase; AST, aspartate aminotransferase

Table 2 depicts the relationship between abnormal liver function markers and various demographic and
socioeconomic factors. A significant association was observed between food insecurity and a higher
prevalence of elevated ALT levels compared to food-secure counterparts (24.4% vs. 8.7%, P = 0.02). Similarly,
a significant association was observed between elevated ALT and low monthly income (18.8%, 14.7% vs.
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Categories
Normal
ALT
Elevated
Normal
AST
Elevated
Both
normal
Abnormal liver
function
At least
markers
one
elevated
1 or low
AST/ALT
Higher
than 1

Food security status

Food
secure, n

(%)

155

(75.6)

50 (24.4)

165

(80.5)

40 (19.5)

142

(68.5)

63 (31.5)

"7

(57.1)

88 (42.9)

36.7%, P < 0.01) as well as BMI (11% vs. 27.7% and 25.6%, P = 0.02). Similar trends were noted for AST levels.

Additionally, participants with a higher BMI exhibited a significantly higher rate of at least one abnormal
liver function enzyme (15.9% vs. 34.9%, P = 0.01).

Food insecure

(usually/sometimes), n

(%)

42(913)

487)

39 (84.8)

7(15.2)

37 (80.0)

9(20.0)

18 (39.1)

28 (60.9)

Chi-

square P

-value

0.02*

0.50

0.03*

Age (years)

24—
<=23,n

28,n
(%)

(%)
66 64
(835)  (71.1)
13 26
(16.5)  (28.9)
70 65
(886)  (722)

25
9(11.4)

(27.8)
63 58
(797)  (644)
16 32
(203)  (356)
40 52
(506)  (57.8)
39 38
(49.4)  (422)

29+, n

(%)

67

(81.7)

(18.3)

69

(84.1)

(15.9)

58

(70.7)

24

(29.3)

43

(52.4)

39

(47.6)

Chi-
square P

-value

0.10

0.02*

0.62

Monthly family income (BDT)

<=8,000, n

(%)

78 (81.3)

18 (18.8)

81 (84.4)

15 (15.6)

74 (77.1)

22(22.9)

55 (57.3)

41427

8,001-
15,000, n

(%)

81(85.3)

14 (14.7)

78 (82.1)

17 (17.9)

70 (73.7)

25(26.3)

43 (45.3)

52 (54.7)

Chi-

square
15,001+, n &

P -value
(%)
38 (63.3)

<0.01*
22 (36.7)
45 (75.0)

0.33
15 (25.0)
35 (58.3)

0.03
25 (41.7)
37 (61.7)

0.09
23(38.3)

<=19.27,n

(%)

73 (89.0)

9(11.0)

71 (86.6)

11(13.4)

69 (84.1)

13 (15.9)

40 (48.8)

42(51.2)

19.26-
21.10,n

(%)

60

(72.3)

23

(27.7)

67

(80.7)

(19.3)

54

(65.1)

29

(34.9)

44

(53.0)

39

(47.0)

21.99+,n

(%)

64 (74.4)

22 (25.6)

66 (76.7)

20 (23.3)

56 (65.1)

30(34.9)

51(59.3)

35 (40.7)

TABLE 2: Association between sociodemographic factors and liver enzyme status among the

participants.

“P-value < 0.05.

BDT, Bangladeshi Taka; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase

Chi-

square

P-

value

0.02*

0.26

0.01*

0.39

The logistic regression analysis highlighted significant associations between abnormal liver markers and

BMI, adjusted for age, monthly family income, and food insecurity (Table 3). Notably, individuals with a BMI
between 19.26 and 21.98 had a significantly higher likelihood of abnormal liver enzyme markers compared
to those with a BMI <= 19.25 (adjusted odds ratio [AOR] 2.81, P =0.01). This association persisted even after
adjusting for other variables. Furthermore, individuals aged 24-28 years showed significantly higher odds of

abnormal liver markers compared to those aged 23 or younger (almost 2.09 times higher, P = 0.04). These
findings underscore the relevance of BMI and age as independent predictors of abnormal liver markers

(Table 5).
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Abnormal liver markers

BMI

Age (years)

Food insecurity

Monthly family income (BDT)

Crude OR P-value Adjusted OR P-value

<=19.25 Reference 0.01 Reference 0.03
19.26-21.98 2.85 (1.35, 6.00) 0.01 2.81(1.28, 6.15) 0.01*
21.99+ 2.84 (1.36, 5.96) 0.01 2.23(0.98, 5.07) 0.06
<=23 Reference 0.09 Reference 0.09
24-28 2.17 (1.08, 4.37) 0.02 2.09 (1.01, 4.35) 0.04*
29+ 1.62(0.79, 3.37) 0.18 1.18 (0.54, 2.57) 0.67
Never Reference Reference

Sometimes/often 0.54 (0.25, 0.20) 0.13 0.69 (0.29, 1.60) 0.38
<=8,000 Reference 0.04 Reference 0.17
8,001-15,000 1.201 (0.62, 2.32) 0.59 0.95 (0.47, 1.94) 0.89
15,001+ 2.403 (1.19, 4.84) 0.014 1.88 (0.84, 4.21) 0.12

TABLE 3: Logistic regression analysis of associations between abnormal liver enzyme levels and
anthropometric and socioeconomic factors.

“P-value < 0.05.

BDT, Bangladeshi Taka; OR, odds ratio

Discussion

The primary aim of this study was to assess the prevalence of impaired liver function enzymes, including
AST, ALT, and the AST-to-ALT ratio, among 251 NPNL Bangladeshi women. Our findings revealed that
approximately one-third of the participants exhibited elevated levels of at least one liver enzyme. Notably,
our analysis indicated a significant association between elevated liver enzymes and BMI, even after
adjusting for age, monthly income, and food security status.

In our study, we observed the mean values of ALT and AST as 26.12 and 26.06 U/L, respectively. These
findings were parallel to the studies of other subcontinental countries. For example, in India, the mean
values of ALT and AST among healthy women were observed to be 22.0 and 24.0 U/L, respectively [26].
Similarly, in Pakistan, the mean ALT value was reported as 30.12 U/L [27]. The slight difference observed can
be attributed to population variations.

Food security is a crucial factor for good health and nutritional well-being. In our study, we reported an
association between the food security status and the abnormal liver function markers. Mainly, food
insecurity is prevalent among low-income families, which increases their vulnerability to NAFLD. It is seen
that food-insecure women from these communities frequently turn to energy-dense, high-fat foods that lack
essential nutrients. Furthermore, this population is also subjected to financial insecurity and a lack of access
to proper healthcare, both of which can lead to poor health and abnormal liver function markers [28].

Macek et al. highlighted the intricate relationship between BMI and age, noting that as age increases, BMI
tends to rise as well [29]. It's noteworthy that our study stands out with a considerably lower median age (25
years) among participants compared to earlier investigations, which probably resulted in a lower median
BMI (20.6 kg/m?) observed in our study. We found that individuals with a higher age and BMI exhibited a
twofold increased likelihood of abnormal liver markers compared to those with a lower BMI. This trend
remained significant even after adjusting for other variables. These results align with previous research
conducted among Bangladeshi women [22] and the Australian adult population [30].

Most of the liver enzyme abnormalities are often linked with high BMI [22,31]. Excessive weight or high BMI
often leads to NAFLD. NAFLD involves the accumulation of excess fat in liver cells, a condition known as
hepatic steatosis. Non-alcoholic steatohepatitis (NASH), a progressive form of NAFLD, is characterized by
oxidative stress, inflammation, and liver cell damage, leading to elevated AST and ALT levels in the blood
[31]. Consequently, such elevated liver enzymes may serve as indicators of NAFLD presence among the
participants of this study. If NAFLD is not managed timely, it may trigger fibrosis, ultimately resulting in
liver cirrhosis [31].
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Strengths and limitations

This study had several strengths. The study explored the overall prevalence and association of liver enzymes
(ALT and AST) with the nutritional status and socioeconomic conditions of the participants. Conducted
using a cross-sectional design, the study provides valuable insights although its ability to establish causal
relationships is constrained. Given that a significant portion of participants fell within the normal weight
category, the study adopted both established Asian or WHO BMI cutoffs and terciles to ensure a
comprehensive analysis. Similarly, age was categorized into terciles rather than relying solely on established
cutoffs, enabling thorough exploration of its association with abnormal liver function markers. However, the
study had some limitations. Important confounding variables such as dietary habits and physical activity
were not accounted for in the analysis. Moreover, the frozen storage (-20 °C) and subsequent thawing of
serum samples at the Institute of Nutrition and Food Science laboratory may have impacted the levels of
liver enzymes. Nevertheless, research by Leu et al. revealed high relative agreement in the validity of
biomarkers in frozen serum samples stored for extended periods, supporting their utility in longitudinal
epidemiological studies [32]. Further research should include a wider range of factors and diverse population
groups to enhance our understanding of the determinants of liver health and to guide targeted
interventions.

Conclusions

In summary, the study found that one-third of participants had abnormal hepatic enzyme levels. It was
observed that increased BMI was a strong predictor of this, even after taking related variables into account.
Therefore, interventions should focus on raising awareness among women about the connection between
elevated BMI and liver health. These findings have important implications for evidence-based policies and
interventions aimed at improving well-being and preventing diseases in NPNL women.
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