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ABSTRACT
Objective: To assess the effect of BMI and smoking on liver function.
Materials and methods: Case- series study was conducted to assess the relation between liver function
tests(aspartate amino transferace (AST), alnine amino transferace (ALT), Alkaline phosphatase, lactate
dehydrogenase (LDH), protein albumin and billirubin), and BMI and smoking in 1020 apparently healthy
persons using commercially available kit.
Results: Significant direct relationship between liver enzymes activities, serum total protein and globulin and
BMI were observed. Albumin, bilirubin and A/G ratio values were decreased by increasing BMI. Significant
relation was observed between the mean activity of (AST) and cigarette smoking. Significant inverse
relationship was observed between mean values of total protein, albumin, globulin and bilirubin with cigarette
smoking
Conclusion: serum enzymes activities of (AST, ALT, ALP and LDH), total protein and globulin had direct
positive relationship with BMI, while albumin, A/G ratio and total bilirubin had inverse relationship. Smoking
has a significant effect of on AST, total protein, albumin, globulin and total bilirubin, while doesn't affect ALT,
ALP, and LDH.
Keywords: Liver function tests and BMI, liver function tests and smoking.
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انخالصت
. نخقٍٍى حأثٍر يعايم كخهت انجسى وانخذخٍن عهى وظائف انكبذ:انهذف
 إنسٌى انفىسفاحٍس، حى قٍاش فحص وظائف انكبذ (فعانٍت إنسٌى ناقم األيٍن األسبارحٍج ناقم األيٍن األننٍن:مىاد وطرائك انعمم
0101 ً ٌاقىحٍن انصفراء) يع يعايم كخهت انجسى وانخذخٍن ف، انسالل، حراكٍس انبروحٍن، إنسٌى الكخٍج نازعت انهٍذروجٍن،انقاعذي
.شخص سهٍى ظاهرٌا بئسخخذاو عذة عًم (يحانٍم) حجارٌت
 قٍى انسالل وٌاقىحٍن. ظهرث عالقت يباشرة بٍن فعانٍاث إنسًٌاث انكبذ وانبروحٍن انكهً وانكهىبٍىنٍن يع يعايم كخهت انجسى:اننتائج
 نىحظج عالقت يعنىٌت بٍن يعذل فعانٍت إنسٌى ناقم األيٍن األسبارحٍج. قهج يع زٌادة كخهت يعايم انجسىA/G انصفراء ونسبت
. نىحظ وجىد عالقت عكسٍت بٍن يخىسط قٍى انبروحٍن انكهً وانسالل وانكهىبٍىنٍن وٌاقىحٍن انصفراء يع انخذخٍن.وانخذخٍن
، الكخٍج نازعت انهٍذروجٍن، انفىسفاحٍس انقاعذي، فعانٍاث إنسًٌاث ناقم األيٍن األسبارحٍج ناقم األيٍن األننٍن:االستنتاجاث
 انبروحٍن انكهً وانكهىبٍىنٍن نها عالقت اٌجابٍت يباشرة يع يعايم كخهت انجسى بٍنًا، ٌاقىحٍن انصفرا ء، انسالل،حراكٍس انبروحٍن
 انخذخٍن نه حأثٍر عهى إنسٌى ناقم األيٍن األسبارحٍج وانسالل وانكهىبٍىنٍن. وٌاقىحٍن انصفراء نها عالقت عكسٍتA/G انسالل ونسبت
.وٌاقىحٍن انصفراء بٍنًا ال ٌؤثر عهى إنسٌى ناقم االننٍن وإنسٌى انفىسفاحٍس انقاعذي
. إخخباراث وظائف انكبذ وانخذخٍن، إخخباراث وظائف انكبذ ويعايم كخهت انجسى:انكهماث انمفتاحيت
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INTRODUCTION

E

nzymes pattern in liver disease includes the
assay of aminotransferases (AST, ALT),
alkaline
phosphatase
(ALP)
and
lactate
dehydrogenase (LDH) activity. AST is found
primarily in the heart, liver, skeletal muscle, and
kidney, whereas ALT is found primarily in the liver
and kidney with a lesser amounts in heart and
1
skeletal muscle. The highest activities of these
2
enzymes are caused by any acute liver damage.
ALP enzyme is involved in the metabolic transport
across cell membranes. The response of the liver
to any form of biliary tree obstruction is to
3
synthesize more ALP. LDH, as it involves in
glucose metabolism, is present in all living cells.
Elevations are especially high in toxic hepatitis with
4
jaundice. Serum albumin concentration is widely
regarded as an index of hepatic synthetic function.
Extreme hypergloblinaemia is characteristic of
1
chronic active hepatitis. Serum bilirubin, in the
liver, is bound to ligandin (Y protein) and it is
actively transported to the smooth endoplasmic
reticulum where it is conjugated with glucuronate,
a process catalysed by uridyl diphosphoglucuronyl
transferase (UDPGT) Then it is secreted by active
5
processes into the bile canaliculi. Our study aims
to assess the effect of body mass index and
smoking on these liver functions tests.

MATERIALS AND METHODS
Subject: the 1020 participated subjects were
apparently healthy individuals, 650 males and 370
females, age range 18-73 years ( mean±SD 34±
10.8). All subjects were medically examined for
signs of liver diseases and informations were
obtained regarding their height, weight and
smoking whatever the duration and number of
cigarette smoking at the time of examination, and
the body mass index (BMI) was calculated as
2
weight kg/height m². BMI less than 18.5 kg/m is
2
regarded as underweight, 18.5-24.9 kg/ m normal
2
2
weight, 25-29.9 kg/m over weight, 30-39.9 kg/ m
2
obese, and more than 40 kg/m is regarded as
6
gross obesity. Fasting blood samples were
obtained between 8:30 and 10:30 a.m. Samples
were analyzed directly for liver enzymes or stored
at–20˚c until other analysis were done. All
biochemical analyses were performed at the
Department of Biochemistry, Mosul College of
Medicine, Iraq. The reagents kits for serum AST,
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ALT and LDH measurements were purchased from
Randox, (UK), for serum ALP and serum total
protein measurements from Biomerienx, (France),
for serum albumin measurement from Bicon,
(Germany) and for serum direct and total bilirubin
measurements from Biomaghreb (Maghreb).
Statistical analysis: Standard statistical methods
were used to determine the mean, standard
deviation (SD), standard error (SE), coefficient of
variation (CV) and range (minimum-maximum). Z
test was used to compare the results for various
biochemical parameters among subjects in
different groups. Duncans test was used to identify
group (S) responsible for statistical difference
through comparison.

RESULTS
The study group was subclassified into 5
subgroups according to age and sex as presented
in Table 1.
Relationship between the biochemical liver
function tests and body mass index (BMI): the
BMI was into 5 subgroups, Table 2.
Liver enzymes relation to BMI: Table 3 shows
the results of liver enzymes presented as mean ±
SE according to BMI. Statistical F test revealed
significant relationship between the mean enzymes
activities and BMI (F=40.9, P<0.001) for AST,
(F=22.6, P<0.001) for ALT, (F=13.1, P<0.001) for
ALP and (F=10.9, P<0.001) for LDH. Duncan's test
also revealed significant relation of mean enzymes
activities with BMI. The mean values of enzymes
activity were directly proportional to BMI.
Serum total protein, albumin, globulin and A/G
ratio relation to BMI: Table 4 shows the results of
serum total protein, albumin, globulin and A/G ratio
presented as mean±SE according to BMI.
Statistical F test revealed a significant relation
between total protein albumin , globulin and A/G
ratio with BMI (F=3.73, P=0.005) for total protein,
(F=4.05, P=0.003) for albumin (F=2.31, P=0.005)
for globulin, (F=2.44, P=0.045) for A/G ratio.
Duncan's test revealed also significant relation
between the above parameters and the BMI. The
mean values of total protein and globulin were
increased by increasing BMI, while those of
albumin and A/G ratio were decreased by
increasing BMI.
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Serum indirect, direct and total bilirubin
relation to BMI: Table 5 shows the results of
indirect, direct and total bilirubin according to BMI.
Statistical F test
revealed significant inverse
relation with BMI (F=4.56 P=0.001) for total (F=6.3
P=0.003) for the direct and (F=3.5 P=0.001) for the
indirect bilirubin. Duncan's test also revealed
significant inverse relation between total, direct
and indirect bilirubin with the BMI.
Relation of smoking to the biochemical liver
function tests: since there was no female
smokers in the study subjects, the effect of
smoking on the different biochemical liver function
tests was studied in male only. Table 6 shows
the relation of smoking
on the studied
parameters. It is apparent that there was
significant increase in AST activity among
smokers than that of non-smokers with P values
of 0.006 and 0.0001 respectively. A significant
inverse relationship was noticed between total
protein, albumin and globulin with
cigarette
smoking with p value 0.0001 for total protein and
albumin and P value 0.02 for globulin. Another
inverse significant relationship
was observed
between cigarette smoking and the concentration
of total bilirubin and direct bilirubin with P-value
<0.001.

Table 1. Distribution of subjects according to age and
sex.
Age
Sex
Number
%
(years)
M
156
15.3
18-25
F
60
5.9
M
242
23.7
25-35
F
120
11.7
M
175
17.2
35-45
F
114
11.2
M
46
4.5
45-55
F
40
3.9
M
31
3.1
55-65
F
36
3.5
Total
1020
100
Table 2. The study groups according to body mass
index (BMI).
Groups
2
BMI (kg/m )
according to
No.
%
Mean+SD
2
BMI (kg/ m )
<18.5

7

0.7

18±0.3

18.5-24.9

484

47.4

22.9±1.45

25-29.9

414

40.6

26.5±1.35

30-39.9
>40

109
6

10.7
0.6

31.5±1.5
36.5±1.0

Total

1020

100.0

25.33±3.23

Table 3. Comparison of the mean liver enzymes activities according to BMI using Duncan's test (data are presented as
mean + SE).
BMI
AST
ALT
ALP
LDH
No.
2
Kg/m
(U/L)
(U/L)
(U/L)
(U/L)
<18.5

7

12.4+ 1.8 ab

8.9±1.1 a

38.2±5.9 a

98.6±4.5 a

18.5-24.9

473

9.9±0.2 a*

9.9±0.2 a

52.8±0.8 b

122.8±1.5 b

25-29.9

402

11.9±0.2 ab

10.9±0.2 ab

56.8±0.9 b

131.9±1.8 b

30-39.9

109

14.3±0.4 b

13.4±0.4 bc

64.5±2.1 bc

142.6±3.2 b

6

18.0±0.7 c

15.5±1.1 c

74.9±5.0 c

141.5±3.4 b

997

11.26±0.1

10.7±0.1

55.8±0.6

128.6±1.2

>40
Total

* Different letters vertically mean significant difference at P< 0.05. In vertical column, different letters (a,ab,b,and c) more significant than
the same letters(a,b,b,b,)

Table 4. Comparison of the mean values of serum total protein, albumin, globulin and A/G ratio according to BMI (data
are presented as mean + SE).
BMI
Total protein
Albumin
globuline
No.
A/G ratio
2
(Kg/m )
(g/L)
(g/L)
(g/L)
<18.5
7
71.6±2.9 a*
43.1±1.0 b
27.8±1.8 a
1.55±0.7 b
18.5-24.9
484
73.8±0.3 b
42.6±0.2 ab
31.1±0.2 b
1.38±0.01 a
25-29.9
414
72.6±0.3 ab
42.1±0.2 ab
30.5±0.2 ab
1.4±0.01 a
30-39.9
109
73.3±0.6 b
42.3±0.4 ab
31.0±0.4 b
1.42±0.02 ab
>40
6
73.2±3.1 b
41.0±1.5 a
32.0±2.2 b
1.35±0.08 a
Total
1020
73.4±0.2
42.5±0.1
30.8±0.1
1.39±0.06
*Different letter vertically mean significant difference at p<0.05
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Table 5. Comparison of the mean values of indirect, direct and total bilirubin, according to BMI using Duncan's test (data
are presented as mean + SE).
Bilirubin (µmol/L)
BMI
No.
2
(Kg/ m )
Total
Direct
Indirect
<18.5
7
10.5±1.9 c
1.9±0.4 c
8.6±1.6 c
18.5-24.9
484
9.4±0.2 b
1.6±0.04 b
7.8±0.1 b
25-29.9
414
9.2±0.2 b
1.2±0.04 ab
8.0±0.1 b
30-39.9
109
8.5±0.4 ab
1.2±0.08 ab
7.3±0.3 a
>40
6
7.8±1.2 a*
0.8±0.3 a
7.0±0.8 a
Total
1020
9.1±0.1
1.4±0.03
7.7±0.09
*Different letters vertically mean significant difference at p<0.05.

Table 6. Comparison between different parameters of liver function tests in nonsmokers and smokers using Z test (data
are presented as mean +SD).
Parameter
AST (U/L)
ALT (U/L)
ALP (U/L)
LDH (U/L)
Total protein (g/L)
Albumin (g/L)
Globulin (g/L)
Total bilirubin (µmol/L)
Direct bilirubin (µmol/L)

Nonsmoker

No.

Smoker

No.

Z

P

10.7±4.1
10.6±4.1
55.2±19.8
130.4±33.9
75.2±5.8
43.7±3.6
31.2±4.1
9.1±2.5
1.7±0.9

369
369
369
369
377
377
377
377
377

11.5±3.8
11.1±4.1
56.3±18.6
132.8±34.5
72.6±6.3
42.2±4.2
30.5±3.9
7.4±2.5
1.1±0.7

264
264
264
264
273
273
273
273
273

2.73
1.30
0.82
0.72
5.03
4.74
2.31
6.76
5.48

**
NS
NS
NS
***
***
*
***
***

NS: not significant, *: mildly significant at p <0.05, **: moderately significant p<0.01, ***: highly significant p<0.001.

DISCUSSION
The current study showed that all liver enzymes
had significant relationship with BMI. The mean
enzyme activity was directly proportional to BMI.
Another study of 21000 subjects attending the
BUPA medical center in London reported
7
significant relation of liver enzymes with BMI.
8,9,10
Comparable results were reported elsewhere.
Predicted increased fatty liver associated with BMI
lead to increase hepatic enzymes level, also most
of these enzymes present in other organs like
skeletal muscles, so increased BMI leads to
increase these enzymes. A study of 528 obese
subjects in Belgium reported significant higher
mean serum liver enzyme activities (AST, ALT and
ALP) but remained within laboratory reference
11
values. However, no significant relation of LDH
with BMI was found in females by other report from
working group which measured the reference
12
intervals for serum enzymes.
In the current study, the mean values of serum
albumin decreased while that of globulin increased
along with increasing BMI; this is in agreement
with the results published by Wingerd and

Ann Coll Med Mosul December 2018 Vol. 40 No. 2

13

Sponzilli who explained the increase of globulin
concentration by the fact that the concentration of
lipoproteins is expected to increase with weight.
The effect on albumin is difficult to rationalize, and
if increasing weight usually leads to higher serum
13
lipid this might cause slight systematic changes.
Serum indirect, direct and total bilirubin in the
current
study showed
significant
inverse
relationship with BMI. Bilirubin consumption occur
in obesity which associated with increase
inflammation and oxidative stress and bilirubin
14
presenting antioxidant and antiinflammatory.
The current study showed that smoking
associated with an increase in enzymes activity of
7
AST with (p=0.01) which agreed with other study
and this may be attributed to the fact that cigarette
smoke contains a large variety of compounds
including many oxidants and free radicals that are
capable of causing a pro- oxidant/ antioxidant
imbalance in the blood and tissues of smokers, so
hepatocellular damage leads to release of
15
enzymes into the circulation.
No significant
relation of smoking was found on the enzyme
activity of ALT, ALP and LDH and this may be
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related to duration, amount and type of smoking.
Wannamethee and Sharper (2010) also not
advocated the relation of smoking with the activity
16
of these enzymes. There was significant relation
of smoking with the decreasing level of total
protein, albumin and globulin among smokers with
p<0.001 for both total protein and albumin and
p<0.05 for globulin. Similar results were reported
13
by others. These findings could be attributed to
17
3
the suggestion of Holt ,1973 and Green , 2002)
that smoking may result in the impairment of
response and immuno surveillance and this may
contribute to the increased prevalence of chronic
bronchitis and carcinoma among smokers.
The current study also showed a decrease in
total and direct bilirubin level among smokers with
p<0.001 which in agreement with a study by Van
18
Hoydonck and his coworkers, 2001. Bilirubin,
which is a bile pigment is generally regarded as
waste product of haem catabolism. However, it
has been suggested that bilirubin may have an
important role as endogenous antioxidant and is
19
destroyed by reactive oxygen species. The
observed low bilirubin concentration might be the
result of an overconsumption of bilirubin by free
17
radical species related to cigarette smoke.
Another possible mechanism which can determine
serum bilirubin concentration is hepatic UDPGT
20
activity. Cigarette smoke is known to induce
UDPGT activity by which hepatic UDPGT is
21
inversely related to serum bilirubin concentration.
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